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Abstract

Beekeeping can provide important sources of cash income for farmers in developing countries where land is uncon-
ducive to crop and livestock production systems. In many low-income countries however, attrition among beekeeping
adopters remains a chronic problem, colony losses are high, support for and coordination of the sector is low, and prac-
tices, production and income from beekeeping is often inefficient. This study investigated the key drivers and practices
influencing incomes from beekeeping, honey production and numbers of hives owned by beekeepers in the Eastern
Highlands Province of Papua New Guinea. Survey data from 117 beekeepers revealed that beekeeping contributes
to improving farmers resilience and security in times of financial hardship with 85 % of beekeepers reporting using
their honey as a form of a bank and beekeepers earning average annual net incomes of US$715.50. Specifically, our
results highlight the importance of supplementary feeding, multiplying colonies by making splits, reinvestment into
beekeeping enterprises and access to more than a single apiary site as key factors influencing productivity and income.
This study provides guidelines for optimising beekeeping outcomes in low-income countries and provides recom-
mendations to inform policy options for strengthening beekeeping for sustainable community development programs
and partnerships.

Keywords: International assistance, rural development, sustainable livelihoods, honey, Apis mellifera

1 Introduction

The determinants underpinning the success of inter-
national agricultural research for development programs are
not always clear, and their effectiveness is varied (Ander-
son et al., 2012; Wagner, 2019). Beekeeping represents an
example of this phenomenon and has become an increas-
ingly targeted strategy of aid programs in low and middle-
income countries (Schouten, 2020a; Schouten 2020b). Ap-
iculture has been considered an exemplary intervention for
sustainable rural development (Bradbear, 2009), which can
be attributed to its extensive prevalence in rural communit-
ies globally (Crane, 1999), its low environmental impact
(Mogni et al., 2009) and its significant contributions to
diversification and cash incomes among rural economies
(Girma & Gardebroek, 2015; Pokhrel, 2009; Bradbear,
2009; Cortopassi-Laurino et al., 2006; Gupta et al., 2014;
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Schouten & Lloyd, 2019). Keeping bees can offer many live-
lihood benefits in addition to income generation from honey
(Lowore, 2020; Schouten & Lloyd, 2019), and pollination
by bees can increase crop yields and contribute to maintain-
ing biodiversity in natural ecosystems (Abrol, 2012; Allsopp
et al., 2008; Partap, 2002).

Despite the enthusiasm of funding agencies, the deter-
minants underpinning the success of beekeepers and liveli-
hood outcomes of such programs has received little attention
(Chambers, 1993; King et al., 2010; Otis & Bradbear, 2003;
Schouten, 2020). Further, attrition among adopters remains
a chronic problem, colony losses are high, technical skills
are low, and practices, production and income from beekeep-
ing is often inefficient (Schouten & Lloyd, 2019; Roberts et
al., 2020; Wagner et al., 2019). Commercialisation of bee
products, including honey, beeswax, nucleus colonies and
queen bees, are generally unregulated, and demand often ex-
ceeds supply (de Figueiredo et al., 2017; Legesse, 2014).
Apiculture thus remains an under-exploited income generat-
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ing livelihood activity with significant potential for improv-
ing incomes and welfare among beekeeping communities
without exacerbating environmental degradation.

Success in beekeeping is usually defined by numbers
of hives, honey production and profit. However, research
(Bradbear, et al., 2002; Bradbear, 2009) highlights the im-
portance of deviating from commonly used variables, such
as honey yields or increased numbers of bee hives, as
sole measurable indicators of beekeeping program success.
Ideally, social development impact methodologies should
also seek to measure indicators of wellbeing, for example,
increased resilience to shocks and seasonality and improved
agency, relations and empowerment (Austin et al., 2020).
While research emphasises the need for participatory ap-
proaches to pre- and post-program evaluation of the change
that is brought about to the lives of beneficiaries and their
households, this is rarely conducted among beekeeping in-
terventions (Bradbear, pers. comm., 2020; Chambers, 1993).

To manage a successful beekeeping operation1 requires:

1. A sound understanding of the available floral resources
within the operational range of the beekeeper;

2. Technical beekeeping skills to manage swarming, mul-
tiply colonies and manage pest and disease pressures,
and;

3. Business management and marketing skills.

While beekeeping programs may evaluate numbers of
beekeepers in a region, honey production and numbers
of hives as measurable indicators of program success, the
factors responsible in determining beekeeper’s profitability,
are not always clear. Beekeeping requires a range of in-
puts, and there are multiple income generating opportunities
which exist in the production of nucleolus colonies, beekeep-
ing hardware, beekeeping training, queen bees and value-
added products. In addition to pursuing a range of income
generating strategies within a beekeeping operation, farmers
social capital and market linkages can also be key drivers in
the overall enabling environment that allows beekeepers to
pursue a profitable enterprise and livelihood strategy (Brad-
bear, 2009; Suryahadi et al., 2006). Access to mentors,
training, extension, inputs, finance and credit also play a ma-
jor role in developing profitable agricultural production sys-
tems (Gebrehiwot, 2015; Hinton et al., 2020; Legesse, 2014;
Tamang & Gurung, 2015). Therefore, it is important to un-
derstand which combination of livelihood assets and tech-
nical skills are most likely to influence the productivity and
profitability of an enterprise.

1This context is primarily concerned with beekeeping with Apis mel-
lifera in Langstroth or removable frame hive technologies.

Making beekeeping a more profitable activity could at-
tract new entrepreneurs and improve outcomes for existing
aid programs and beekeeping enterprises, and thus increase
its relevance as a means to achieve sustainable development
(Bradbear, 2009). This requires the optimisation of manage-
ment practices and effective intervention strategies in order
to increase the production of bee products and raise beekeep-
ing incomes from their sales.

Optimising beekeeping enterprises can be difficult, given
the huge diversity of management practices, bee species, cli-
matic conditions, prevailing honey bee pests and diseases,
floral resources, technologies and markets between regions.
Important efforts have been made to train beekeepers and
standardise management practices (Lal et al., 2012; Yirga et
al. 2012; Nazzi et al., 2014; Singh et al., 2016), quantify re-
turns on investment in beekeeping operations (John et al.,
2017; Qaiser et al., 2013), assess honey markets, quality
and commercialisation (Howard & Tchana, 2015; Legesse,
2014) and diagnose the overall situation of the apiculture
sector in different regions (Orlegge & Gonapa, 2011; Lo-
wore & Bradbear, 2013; Qaiser et al., 2013; Engindeniz
et al., 2014; Abrol, 2016; John et al., 2017; Jung & Lee,
2018; Thai & Van Toan, 2018; Thapa et al., 2018; Zheng et
al., 2018; Gratzer et al., 2019;). However, no attempt has
yet been made to relate production and income indicators
to management practices and other confounding variables
across a large geographic scale. Here we used the diversity
of beekeeping practices in the Eastern Highlands Province of
Papua New Guinea (PNG) to assess the impact of particular
management practices and livelihood assets on productivity
and economic revenues within beekeeping enterprises. This
study represents the first large-scale effort aiming to optim-
ise smallholder beekeeping enterprises using a quantitative
approach.

2 Materials and methods

2.1 Survey data

A questionnaire was developed in January 2018 in col-
laboration with local researchers and apicultural officers
from the National Department of Agriculture and Livestock
(NDAL), the University of Goroka and the Coffee Industry
Cooperative (CIC) in order to to achieve the aims and ob-
jectives of the study (AusAID, 2003; Coughlan & Coughlan,
2002; Martin, 2006; Reason & Bradbury, 2007). Participants
were identified and contacted in consultation with key infor-
mants from the above-mentioned organisations involved in
the apiculture sector and from local beekeeping associations.
A pilot study of five beekeepers from the province of Goroka
was used to refine the questionnaire. The analysis of the data
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retrieved from this initial pilot study enabled the survey to
be refined, with poorly worded questions reworded to obtain
more accurate answers, eliminating meaningless questions
and adding new ones.

This paper utilises a subset of data derived from a larger
survey which comprised 126 questions and took respondents
on average 50 minutes to complete. A total of 117 bee-
keepers were surveyed using random sample design. Survey
data was collected over two months, between May and June
2018 under human research ethics approval (Approval Num-
ber ECN-17-188), which was obtained from Southern Cross
University, Human Research Ethics Committee. Only data
from beekeepers having at least one bee colony at the time
of interview were included in this study. Although respond-
ents might have provided false or inaccurate answers in some
cases, we have no reason to expect systematic response bi-
ases that could compromise our analyses. To minimise such
potential biases, we carefully curated the data eliminating
duplicated entries, contacting some beekeepers again to con-
firm certain answers, cross validating replies, and checking
for outliers in each response. Questionnaires were conducted
in seven districts of the Eastern Highlands Province (EHP)
(Table 1).

Table 1: Frequency of questionnaire respondents in the Eastern
Highlands Province.

No. District Frequency

1 Unggai-Benna 56

2 Goroka 35

3 Asaro 9

4 Lufa 7

5 Kainantu 7

6 Okapa 2

7 Doalo 1

Total 117

The reason for using questionnaires was to collect in-
depth information on the perspectives of beekeepers with
key insights on the issues being examined (Carter & Beau-
lieu, 1992). Questions focused on beekeeping management
practices, such as supplementary feeding, ability to breed
queen bees and make colony splits, as well as questions
relating to beekeeping experience, access to honey collec-
tion services, honey yields, beekeeping inputs and access to
beekeeping training and extension and incomes. Descrip-
tive statistics and figures were generated using Microsoft Ex-
cel™ to explain response distributions and general trends.

2.2 Statistical analysis

One-way analysis of variance, person product-moment
correlations and independent-samples t-tests were used to
statistically compare and relate production and income indic-
ators to management practices and other confounding vari-
ables. Such an approach has gained substantial support in the
natural sciences during the last decade, and is particularly
well suited to analyse complex datasets, when several differ-
ent competing hypotheses can be put forward (Burnham&
Anderson, 2002; Johnson & Omland, 2004). All analyses
were conducted with IBM SPSS, version 25.0.

3 Results

3.1 Beekeeping enterprises

The majority of beekeepers were from Unggai-Benna
(46.7 %) and Goroka (29.2 %) districts and were male
(75.6 %). No significant difference was found between aver-
age annual honey production per hive or total average annual
honey production between districts (p = > 0.05). The mean
age of beekeepers was 44, mean household size was five
and subsistence farming was the main occupation for 52.5 %
of beekeepers. Beekeepers had low education levels, with
47.1 % having completed primary level education, followed
by high school year 10 (24.4 %) and no formal education
(9.2 %). The majority of beekeeper’s gross annual earnings
fell within lower middle-income GNI groups (Table 2).

Table 2: GNI per capita income brackets for beekeepers in the
Eastern Highlands Province of Papua New Guinea.

GNI per capita income (USD)* Respondents (%)

Low income ($1,025 or less) 12

Lower middle-income ($1,025 - $3,995) 73

Upper middle-income ($3,995 - $12,375) 13

High-income ($12,376+) 2

*Gross National Income (GNI) classification of income is based on
the 2020 fiscal year and is calculated using the World Bank Atlas
method.

The majority of beekeepers (69.2 %) were reliant on pub-
lic transport to get their honey to market while 30.8 % had
access to a vehicle or honey collection services. Only 11 %
of beekeepers reported having ongoing input costs to manage
their operations, with the remainder (89 %) reporting having
no operational costs. Most beekeepers harvested 2-3 times
per year (74 %) and 7 % of beekeepers reported harvesting
honey in times of financial hardship. Further, 84.8 % indi-
cated that they use honey as a form of a bank and 81.4 % in-
dicated that their bee hives and honey act as security in times
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of financial hardship. The majority of beekeepers (90.4 %)
indicated that in comparison to other forms of income, in-
come from beekeeping was either important or very import-
ant and the median proportion of income generated from
beekeeping was 45 %. Of respondents, 94 % indicated that
beekeeping had either positively or very positively impacted
upon their wellbeing.

Five year average percentage change in number of bee
hives owned was found to be increasing by 20 % annually.
In 9 % of cases, the average number of hives owned over
five years was found to be declining by a median of 36 %
(range: 8 % - 189 %). Beekeepers with 7 or more members
in their housholds had significantly lower chances of having
declining numbers of hives than beekeepers with 1-3 people
in their hosueholds (p = 0.02). Beekeepers had 2.5 years of
experience on average and beekeepers with 11+ years’ expe-
rience (M = 1111.65, SD = 2.87) were found to have signifi-
cantly higher net incomes from beekeeping than beekeep-
ers with 1-5 years of experience (M = 413.52, SD = 4.03,
η2 = 0.08).

3.2 Education and training

Most beekeepers (83.8 %) had completed basic beekeep-
ing training, while only 6 % of beekeepers indicated they
had completed training on how to breed queen bees. Des-
pite limited queen bee training, 53 % of respondents repor-
ted being able to make queen bees and 79 % of beekeepers
reported being able to make colony splits. When comparing
beekeepers who had received training and those who had not,
independent-samples t-test revealed no significant influence
of training on net income from beekeeping, (p = 0.11), five
year average numbers of bee hives owned (p = 0.85), five
year average production per hive (p = 0.55), five year aver-
age percentage change in numbers of bee hives owned (p =

0.19) or five year average total annual honey yield (p = 0.62).

Pearson correlation coefficient also found no significant cor-
relation between number of days of beekeeping training and
net income from beekeeping, (r = 0.13, n = 115, p = 0.16),
five year average numbers of bee hives owned (r = 0.14, n
= 115, p = 0.12), five year average production per hive (r =

0.08, n = 115, p = 0.4), five year average percentage change
in numbers of bee hives owned (r = 0.06, n = 115, p = 0.5),
or five year average total annual honey yield (r = 0.16, n =

115, p = 0.08).

3.3 Numbers of bee hives

Beekeepers owned 13 bee colonies on average and a max-
imum of 70 colonies was reported. Six key factors were
identified as being significant predictors of five-year aver-
age number of hives owned by beekeepers, including owning
protective equipment, the ability to make hive splits, owning
more than one apiary, net income from beekeeping, years of
beekeeping experience and reinvestment back into beekeep-
ing operations (Table 3). A significant positive relationship
was found between five-year average number of hives owned
and net income from beekeeping (r = 0.20, n = 115, p =

0.03) and number of years of beekeeping experience (r =

0.27, n = 115, p = <0.01). Turkey HSD test revealed that
beekeepers who reinvested 200+ PNG Kina ($57 USD) (M
= 9.6, SD = 2.45) annually into their beekeeping operations
had significantly more hives on average over five years than
beekeepers who spent 50 PNG Kina or less (M = 5.8, SD=

2.29) F (2,115) = 3.64, p = 0.02 (Table 3).

Beekeepers who were unsure about why and how to sup-
plementary feed bees (M = 2.5, SD = 2.17) had significantly
fewer hives over five years than beekeepers who did know
why and how to supplementary feed bees (M = 7.0, SD =

2.21; t (113) = 3.07, p = <0.01, two-tailed).

Table 3: Results of t-tests and Descriptive Statistics for three response variables influencing
five year average number of hives owned.

95 % CI for Mean
Difference

Groups M SD n Lower Upper t df

Doesn’t own gloves and veil 5.9 2.27 81 0.49 0.94 -2.33* 113
Owns gloves and veil 8.7 2.17 34

Cannot make splits 1.5 0.90 27 0.45 0.93 -2.39** 113
Can make splits 2.0 0.77 88

Has one apiary 1.7 0.83 82 0.43 0.84 -2.99** 111
Has more than one apiary 2.2 0.69 31

* p< 0.05, ** p< 0.01 (two-tailed)
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3.4 Honey yields

We investigated which factors influenced five-year aver-
age annual total honey yield and productivity per hive (kg).
Average production per hive over five years was 12.3 kg
with 71 % of beekeepers producing 20 kg per hive or less.
Five-year average annual total honey yield was 97.3 kg per
beekeeper with the majority (66 %) producing between 50-
150 kg of honey annually. Beekeepers who owned the
land where their apiaries were located produced significantly
higher yields per hive (M = 13, SD = 2.29) than those who
did not (M = 8.4, SD = 1.85; t (112) = -2.01, p = 0.04,
two-tailed). The average number of hives owned over five
years was found to have a significant negative relationship
with average production per hive over five years (r = -0.30,
n = 115, p = <0.01) (Fig. 1). However, the five-year average
number of hives owned had a significant positive relation-
ship with five-year average total honey yields (r = 0.435, n=
115, p = <0.01) (Fig. 2).

Fig. 1: Pearson product-moment correlation between five-year
average total honey yield and five-year average number of bee
hives owned.

Independent samples t-test revealed that having more than
a single apiary, having access to a vehicle or honey collection
services and knowing why and how to supplementary feed
bees were significant factors influencing five year average
annual honey yields (Table 4).

3.5 Net income from beekeeping

Net income from beekeeping was found to be $715.50
USD with 43 % generating $0-500 USD, 31 % generating
$501-1000 USD and 27 % generating > $1000 USD annu-
ally (Fig. 3). Beekeepers who had more than a single apiary
site had significantly higher net incomes from beekeeping
(M = 862.90, SD = 3.31) than those with a single apiary site
(M = 441.65, SD = 3.69; t (111) = -2.49, p = <0.01, two-
tailed). Further, beekeepers who owned the land where their

Fig. 2: Pearson product-moment correlation between five-year
average production per hive and five-year average number of bee
hives owned.

apiaries were located (M = 601.36, SD =3.52) generated sig-
nificantly higher net incomes from beekeeping than those
who didn’t (M = 224.90, SD = 3.52; t (112) = -2.82, p =
<0.01, two-tailed). Education was found to be significantly
negatively correlated with net income from beekeeping (r =
-0.20, n = 115, p = 0.04). Net income from beekeeping was
significantly positively correlated with number of years of
beekeeping experience (r = 0.38, n = 115, p = <0.01) and
average numbers of hives owned over five years (r = 0.20, n
= 115, p = 0.03).

3.6 Interest as a reason for starting beekeeping

Of respondents, 31 % mentioned interest as a reason for
starting beekeeping. Independent-samples t-test was con-
ducted to compare six response variables for these beekeep-
ers (Table 4). Beekeepers who mentioned interest as a reason
for starting beekeeping produced significantly higher mean
honey yields per hive over five years (p = 0.02), had signifi-
cantly higher numbers of hives on average over five years (p
= 0.03) and had significantly higher annual percentage in-
creases in hive numbers over five years (p = 0.02) than bee-
keepers who did not mention interest as a reason for start-
ing beekeeping. Further, mentioning interest as a reason for
starting beekeeping was the only significant predictor of per-
centage change in number of hives over five years (Table 4).

4 Discussion

This study sought to relate production and income in-
dicators to management practices and other confounding
beekeeping variables in the Eastern Highlands Province of
Papua New Guinea. The impact of particular management
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Table 4: Results of t-tests and descriptive statistics for three response variables influencing
five-year average annual honey production.

95 % CI for Mean
Difference

Groups M SD n Lower Upper t df

Has one apiary 84.8 2.36 82 0.45 0.89 -2.63** 111
Has more than one apiary 133.0 1.97 31

Doesn’t own vehicle 91.4 2.28 104 0.31 0.88 -2.49** 113
Owns vehicle 174.5 2.10 11

Dependant on public transport 87.7 2.27 84 0.48 0.96 -2.21* 113
Access to collection services 128.6 2.29 31

Cannot supplementary feed 101.2 2.24 6 1.08 4.26 2.22* 113
Can supplementary feed 47.1 3.13 109

* p< 0.05, ** p< 0.01 (two-tailed)

Fig. 3: Bar charts showing the percentage distribution of six indicators of beekeeping productivity and income.
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practices on productivity and economic revenues was invest-
igated to identify strategies for optimising smallholder bee-
keeping enterprises and to develop strategic priority areas for
beekeeping training and programs using a quantitative ap-
proach. While numbers of hives owned by beekeepers was
considered to be small scale, the contributions of income
generated from the sales of honey was found to be a sig-
nificant source of cash income, particularly for less educated
farmers, with average annual net incomes from beekeeping
of $715.50 USD.

Of respondents, 89 % reported they did not have any on-
going input costs to manage their beekeeping operations.
While beekeeping development programs may seek to en-
hance beekeeping yields, it should be noted that low input
systems with low productivity can, in some cases, be less risk
prone and more profitable than high input systems. Local
methods, while not necessarily appropriate in other regions,
have often proven to be feasible and sustainable (Lowore &
Bradbear, 2009).

Beekeeping enterprises were found to be increasing their
hive numbers by 20 % per annum on average over the past
five years, indicating steady growth within the sector. Con-
cerningly, 9 % of beekeepers surveyed had five-year aver-
age declines in numbers of bee hives. Further research is
needed to better understand why these beekeepers hive num-
bers were found to be declining as no significant indicators
were found as contributing factors in this decline during this
study.

With approximately 85 % of beekeepers in the EHP using
their honey as a form of a bank, this research demonstrates
the important contributions of beekeeping in improving resi-
lience and security in times of financial hardship. Similarly,
Girma & Gardebroek (2015) reported beekeeping as import-
ant in the livelihood security of Ethiopian farmers, particu-
larly during periods of crop failure due to environmental
factors or death of livestock. A participant from this study re-
marked: ‘For me, the honey business supports me during bad
crop seasons when yields and incomes are low’. As found in
the EHP, research from Nigeria suggests that cash income
from beekeeping can be made year-round, which enables in-
come smoothing and reduction of risk from shocks (Ojo et
al., 2016).

While beekeepers may have rapid access to cash incomes
from honey sales, it is important that strategies be put in
place for beekeepers to improve their ability to save cash
incomes so that harvesting can be conducted at times which
will optimise honey yields. For example, harvesting honey
before an extended dearth period will put bee colonies in
poor condition to exploit future honey flows and risk colony
collapse. This situation may be exacerbated where there are

high honey bee pest and disease pressures, as is the case
with Varroa jacobsoni and Tropilaelaps mercedesae mites
in PNG. While no major seasonal fluctuations in prices re-
ceived for honey were reported by key informants of this
study, beekeepers in some rural contexts may need financial
and technical support to improve the storage capacity of their
honey in order to store their honey for more favourable mar-
ket times, rather than selling directly after harvest (Famuyide
et al., 2014).

4.1 Beekeeping training and extension

Beekeeping training was found to have no significant ef-
fect on beekeepers’ honey yields, numbers of bee hives
owned or net incomes from beekeeping. Recent research
has reported similar situations in Tanzania (Wagner et al.,
2019) and Ethiopia (Gebeyehu et al., 2010) where beekeep-
ing training did not result in improved beekeeping incomes
or honey yields. Number of extension visits was also found
to have no influence on income from beekeeping (Gebeyehu
et al., 2010). Studies by Aksoy et al. (2018) and Okpokiri et
al. (2015) however, found that number of days of beekeep-
ing training was significantly correlated with honey yields
and income from beekeeping. This variation in impact re-
sulting from training and extension services highlights that
beekeeping training length, delivery and content can be both
valuable to improving outcomes for beekeepers, yet it can
also be inadequate and ineffective. This stresses the need to
prioritise the availability of technical beekeeping skills and
efforts to enhance the quality rather than quantity of bee-
keeping training interventions.

Ineffective beekeeping training may be due to inefficient
teaching skills and a focus on theoretical rather than prac-
tical skills development, limited technical beekeeping know-
ledge, incorrect concepts and information being conveyed or
minimal adoption of new practices by beekeepers. While
beekeeping technical skills exist in the EHP, capacity build-
ing for trainers to upskill and provide effective, outcome
based training, and access to enhanced teaching materials,
may help to improve learning outcomes and beekeeping in-
comes among beekeepers. Additionally, improving skills
in queen bee breeding so that trainees can learn with non-
aggressive bees, reducing numbers of participants, thought-
ful selection of participants and ensuring access to protective
equipment may also help to facilitate learning outcomes for
beekeeping trainees (Schouten & Lloyd, 2019).

4.2 Factors influencing beekeeping success

Nine factors were found to significantly influence bee-
keeping success in terms of honey yields, numbers of hives
owned and income from beekeeping:
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1. Owning more than one apiary

2. Years of beekeeping experience

3. Beekeepers who owned the land where apiaries were
situated

4. Owning protective equipment

5. The ability to make colony splits

6. Net income from beekeeping

7. Reinvestment back into beekeeping operations

8. Having access to a vehicle or honey collection services

9. Understanding why and how to supplementary feed
bees

4.2.1 Apiary sites

Owning more than a single apiary was a significant de-
terminant in the three response outcomes of yield, numbers
of hives and income from beekeeping. It is intuitive that
beekeepers with more hives would have more than a single
apiary and should generate more honey and therefore higher
incomes from beekeeping. However, increasing numbers of
hives was found to be negatively correlated with average pro-
duction per hive over five years. Nevertheless, total five-year
average production was significantly higher among beekeep-
ers with greater numbers of hives owned over five years.
This indicates that, while beekeepers who own more hives
produce more honey overall, honey production per hive is
likely being reduced due to overstocking and limited access
to floral resources. This may further be explained by the
fact that those beekeepers who understood why and how to
supplementary sugar feed their bees produced significantly
more honey than those who did not.

While beekeepers owned 13 colonies on average, it is im-
portant that beekeepers be supported to develop localised
floral calendars in order to determine optimal stocking rates
for any given site and be aware of other bee colonies within
their operational range. Owning more than a single apiary
may also help beekeepers to withstand shocks such as pest or
disease pressures, drought or theft. If a single apiary is nega-
tively impacted, the other apiary may help to recover and
rebuild colony numbers. Therefore, owning multiple api-
aries may help to reduce shocks in smallholder beekeeping
businesses.

4.2.2 Land tenure

Recent studies (Nazzi et al., 2014; Girma & Gardebroek,
2015; Pocol & McDonough, 2015; Yap et al., 2015;

Shrestha, 2018; Jeil et al., 2019) suggest that a major at-
traction of beekeeping for improving rural livelihoods is that
honey production does not require large areas or the owner-
ship of land. This study suggests land tenure should not be
overlooked as a factor influencing the ability of beekeepers
to maintain and generate income from beekeeping. In the
EHP, beekeepers who owned the land where apiaries were
situated had significantly higher total honey yields and aver-
age numbers of hives over five years. Wagner et al (2019)
also found that land ownership was an important factor limit-
ing the adoption of beekeeping in Tanzania. Owning land
may improve access to apiary sites and therefore beekeep-
ers may check on and manage these sites more frequently
and with greater ease than beekeepers that have to travel fur-
ther from their households. Beekeepers may also have in-
creased costs associated with renting of apiary sites and have
increased risk of theft of bee equipment among apiaries situ-
ated in areas without secure tenure.

4.2.3 Beekeeping finance

Beekeepers who re-invested back into their beekeeping
operations were found to own significantly more hives on
average than beekeepers who indicated they had no operat-
ing costs. While small scale beekeeping can be developed
around low input systems, and some equipment can be made
from available materials, there are essential components of
Langstroth beekeeping systems that require ongoing input
costs to optimise production and maintain bee health. This
can include replacement of old combs and frames with new
wax foundation and frames (20 % of brood frames annu-
ally), use of miticides to manage damaging mite populations
and sugar for supplementary feeding during extended dearth
periods. Access to finance to purchase beekeeping inputs is
essential to further development of beekeeping enterprises:
for example, getting honey to market may require cash to
pay for public transport and successful marketing may de-
pend on purchasing of containers for packaging (Bradbear,
2009). Beekeeping projects should aim to ensure that all
available capital assets are taken into consideration, without
dependence on any that are not. For example, where projects
depend on the importation of beeswax foundation, those bee-
keepers that do not have financial savings are more likely to
fail (Chaudhuri et al., 2002).

4.2.4 Improving honey collection services

A common limitation in developing countries for bee-
keepers and honey cooperatives is the challenge of collecting
honey from a dispersed population of smallholder producers
(Bradbear, 2009; Schouten et al., 2019). In this study, ac-
cess to a vehicle or collection services played an important
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role in beekeepers total average annual honey yields, with
the majority of beekeepers (69.2 %) being reliant on public
transport to get their honey to market. In the EHP the terrain
is steep and road access to apiaries can be limited, particu-
larly during the rainy season. Collection of honey represents
a considerable increase in cost of production for honey com-
panies in maintaining vehicles and providing collection ser-
vices. Further compounding the issue of rural isolation is
the fact that the majority of beekeepers do not own honey
extraction and processing equipment (e.g. buckets with lids,
strainers, and funnels). This reduces efficiencies as honey
frames and boxes are required to travel to cooperatives in
town and then be returned to rural areas where beekeepers
live. Where beekeepers can access honey extraction and pro-
cessing equipment and containers for storage, they may be
able to more effectively and efficiently supply honey to local
markets. It should also be noted that this consideration may
increase the prevalence of honey adulteration and support
services are required to enhance harvesting and post harvest-
ing handling and quality assurance to ensure honey quality
is not compromised in rural settings.

A solution to the challenge of rural isolation may lay in
the formation of beekeeping clubs, whereby extraction and
processing equipment, and transport costs could be joint fun-
ded. Equipment could be loaned for use in order to generate
group savings to repair equipment when malfunctions oc-
cur. A similar situation was reported in Nepal, where the
formation of beekeeper’s associations enabled beekeepers to
collect greater quantities of honey which lead to improved
market security (Suryahadi et al., 2006). In turn, this pro-
cess also facilitated market confidence in the quality of the
honey and improved consistency of supply. Activities like
branding and packaging also became feasible and enabled
beekeepers to fetch higher prices through the intervention
of an organisation working collectively on issues (Suryahadi
et al., 2006). Social beekeeping networks can also play an
important role in providing access to beekeeping equipment
where inputs can be borrowed or loaned from one another
(Girma & Gardebroek, 2015). However, studies by Wagner
et al. (2019) in Tanzania also suggests that beekeeping group
members may perceive little to no benefit from collective
action. Whilst beekeepers may see advantages in joining
beekeeping associations in principle (i.e. improved market
access; security; knowledge sharing; pooling of resources),
beekeeping groups were reported to face a multitude of in-
ternal problems related to lack of transparency, leadership,
market knowledge, poor honey quality assurance mechan-
isms, capacity to produce economies of scale and member
buy-in to the associations’ goals. Reviewing the governance
structures of current agricultural clubs in the EHP which are

operating effectively and developing beekeeping club pilot
studies based on these approaches may be useful in optim-
ising structures and policies for beekeepers in PNG.

4.3 Selection of beneficiaries

Mentioning interest as a reason for starting beekeeping
was found to have a significant positive influence on five-
year average annual production per hive (kg), five-year aver-
age number of bee hives owned and was the only predictor
of five-year average percent change in number of beehives
owned. Recent studies highlight the importance of having
clearly defined mechanisms for targeting the most suitable
beneficiaries in order to sustainably support beekeeping in
developing countries (Lloyd et al., 2016; Lloyd et al., 2019;
Schouten & Lloyd, 2019; Schouten et al., 2019; Wagner et
al., 2019). For example, Mwakatobe et al. (2016) suggest
that the success of a four year beekeeping program in Kenya
was due to the selection of appropriate beneficiaries (high
school students) who, unlike other beekeepers involved in
projects in the area, which focused on adults, were ‘recept-
ive to novel ideas and ready to get the most out of the training
activities’. In Tanzania, beekeeping adoption was contingent
upon whether parents had previously kept bees as a liveli-
hood activity and inheritance of hives from parents and ac-
quisition of beekeeping skills from a young age highlighted
that tradition can be an important factor in the uptake of bee-
keeping (Wagner et al., 2019). This highlights that in addi-
tion to selecting farmers who are enthusiastic, hardworking,
eager to learn, who enjoy beekeeping and have good plan-
ning skills (Schouten & Lloyd, 2019), family history may be
an important consideration in the beneficiary selection cri-
teria for beekeeping development programs.

5 Conclusion

Our findings have important implications for beekeeping
industries and apiculture development programs in low and
middle-income countries. We identified particular manage-
ment practices, which could help beekeepers produce and
sell more honey, own more colonies and earn more money,
thus making beekeeping a more profitable income generat-
ing livelihood strategy. Specifically, our results highlight
the importance of teaching beekeepers to inspect and supple-
mentary feed their colonies, how to multiply them by making
splits, reinvesting back into beekeeping operations, placing
bees in more than a single apiary location, owning protect-
ive equipment and improving access to honey collection ser-
vices. Future research could investigate optimal systems for
developing social beekeeping support groups, with a focus
on ensuring quality control at the farm gate.
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Importantly, our results emphasise that beekeeping plays
an important role in supporting rural farmers’ incomes and
that because honey doesn’t easily spoil, beekeeping can also
contribute to improving resilience and security in times of
financial hardship. Our work underlines the need for more
research devoted to optimising management practices, as
well as efforts to improve the effectiveness, accountability
and frequency of beekeeping extension and research to trans-
fer knowledge on approaches which will result in positive
outcomes for beekeeping enterprises. Such efforts could
help improve the impact of beekeeping as an effective tool to
achieve sustainable development and help rural communities
improve their livelihoods.
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