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Overview of the dissertation 

This cumulative dissertation consists of five sections based on three manuscripts. Section one 

reviewed state-of-the art and stated the research hypotheses, questions and objectives as a 

general introduction. The manuscripts included in the dissertation are presented subsequently 

according to the order listed below:    

[1] Hailu, T. G.; D’Alvise, P.; Hasselmann, M. Disentangling Ethiopian Honey Bee (Apis 

mellifera) Populations Based on Standard Morphometric and Genetic Analyses. Insects 2021, 

12 (3), 193. https://doi.org/10.3390/insects12030193.  

[2] Hailu, T. G.; D’Alvise, P.; Tofilski, A.; Fuchs, S.; Greiling, J.; Rosenkranz, P.; 

Hasselmann, M. Insights into Ethiopian Honey Bee Diversity Based on Wing 

Geomorphometric and Mitochondrial DNA Analyses. Apidologie 2020, 51, 1182–1198. 

https://doi.org/10.1007/s13592-020-00796-9  

[3] Hailu, T. G.; Rosenkranz, P.; Hasselmann, M. Rapid transformation of traditional 

beekeeping and colony marketing erode genetic differentiation in Apis mellifera simensis, 

Ethiopia. Submitted 

Therefore, section two focuses on Ethiopian honey bee lineage and subspecies classifications 

using geometric morphometrics based on forewing venation in comparison to reference data of 

major global lineages and subspecies in the neighboring countries. This is followed by 

phylogenetic analyses using sequence information of the mitochondrial COI-COII and 

identification of mitochondrial haplotypes based on DraI restriction.   

In section three, the classification of Ethiopian honey bee subspecies is further validated and 

the subspecies characterized using classical morphometry based on 11 characters of size and 

wing. Subsequently, genetic diversity, differentiation and local adaptation have been 

deciphered using the nuclear fragment r7-frag. 

https://doi.org/10.3390/insects12030193
https://doi.org/10.1007/s13592-020-00796-9
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The manuscript in section four assessed development progresses achieved in the apiculture of 

Tigray, a region of beekeeping hotspot and unique colony marketing in northern Ethiopia. 

Annual honey production, yield, proportion of beehive types and numbers managed over a 

period of 16 years of transformation were analyzed using data based on annual reports from 

the CSA. Secondly, the driving factors and genetic implications of the honey bee colony 

marketing in the region were elucidated based on a market survey. In particular, the spatial and 

ecological distributions of the honey bee colony market actors and their sentiments, and the 

role of apicultural extension were disentangled. 

Finally, section five provides general discussion combining the honey bees classification, 

adaptation, and role of apiculture and honey bee colony marketing in Ethiopia. Concluding 

remarks and way forwards to achieve a further understanding of the honey bees and designing 

sustainable beekeeping and breeding strategies are included within this section.  

In accordance with the guidelines of the University of Hohenheim Faculty of Agricultural 

Sciences, the doctoral candidate’s curriculum vitae and declaration are annexed to the 

dissertation.  



 General introduction 

6 
 

1. General introduction 

1.1. The honey bee Apis mellifera 

The honey bee Apis mellifera is an important insect with significant contributions in the global 

socio-economy, food production and ecosystem conservation through its pollination and 

beekeeping products (FAO, 2003; Jones et al., 2016). The honey bee was ranked as the second 

most economically important livestock species with an estimated annual contribution of USD 

180 Billion (Jacobs et al., 2006). Pollinator-dependent crops contribute to 35% of the total crop 

production world-wide (Intergovernmental Science-Policy Platform on Biodiversity and 

Ecosystem Services [IPBES], 2016). Apis mellifera plays indispensable role in the production 

of major crops such as coffee and various fruits (Geeraert et al., 2020; Porto et al., 2020). The 

honey bee is a widely spread species throughout the world where an estimated 81 million 

colonies produce 1.6 million tons of honey annually (IPBES, 2016). About seven million honey 

bee colonies are managed in Ethiopia (central statistical agency [CSA], 2021)] by an estimated 

number of two million households (Anand and Sisay, 2011). 

Looking into the biology of Apis mellifera, a colony of honey bee consists of haploid drones 

and diploid females of a queen and workers with specialized labor division and sophisticated 

behavior to accomplish several roles and activities (Seeley, 2010) that are adapted to local 

conditions under the regulation of genetic and environmental factors (Mulder et al. 2007; 

Behrends and Scheiner, 2012). The nuclear genome of a female honey bee consists of linearly 

arranged 16 chromosome pairs (Weinstock et al., 2006), while the mitochondrial genome is a 

maternally inherited circular molecule of about 16,300 base pairs (Crozier and Crozier, 1993). 

A total of over 15,300 genes have been identified to be distributed in the honey bee genome 

(Elsik et al., 2014).  

Regarding reproduction, A. mellifera is known to be a highly polyandrous which enhances its 

fitness (Keller et al., 1994; Tarpy and Page, 2000; Mattila and Seeley, 2007). A queen of the 
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honey bee naturally makes multiple mating (Ruttner, 1956) in a drone congregation area with 

up to 20 drones (Tarpy et al., 2015), which can be potentially gathered from different 

subspecies, different colonies of the same subspecies, or closely related siblings depending on 

the local diversity and level of human interference. Therefore, a colony may consist of hybrid 

workers of divergent or closely related lines (Tarpy and Nielsen, 2002), as a reflection of the 

level of diversity and apicultural influence. 

Because of its versatility, socio-economic and environmental values, the honey bee is 

distributed world-wide both naturally and by human beings. The species has evolved to be 

thermal homeostatic, which enabled its wide distribution accompanied by diversification into 

morphologically, behaviorally and genetically differentiated populations (Ruttner, 1988; 

Garnery et al., 1992; Franck et al., 2001; Weinstock et al., 2006; Zayed and Whitfield, 2008; 

Wallberg et al., 2017) adapted to a broad range of habitats world-wide (Fig 1). These extend 

from the Nile valley to mountain peaks of west Africa, kilimanjaro and Himalaya; South Africa 

to Scandinavia and southeast Siberia in the far east Asia; tropical rain forest to African 

savannah, Sahara and Arabian deserts (Smith, 1961; Ruttner, 1988; Verma, 1989; Hepburn and 

Radloff, 1998; Chen et al., 2016). Several phenotypes have been identified and characterized, 

while many admixed populations or those occupying transitional zones remained unclear 

(Cridland et al., 2017). In particular, there are debates in honey bee population studies based 

on different methods that led to inconsistent classification and characterization of lineages and 

subspecies in northeast Africa and the Middle East which is supposed to be the origin of the 

species (Ruttner, 1988; Garnery et al., 1992b; Franck et al., 2001; Amssalu et al., 2004; 

Weinstock et al., 2006; Meixner et al., 2011; Alburaki et al., 2013; Cridland et al., 2017; 

Themudo et al. 2020). African honey bees are characterized by seasonal migration and high 

reproductive swarming behaviors (McNally and Schneider, 1992), which increase admixture 
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and reduce differentiation between neighboring populations (Franck et al., 2001; Fuller et al., 

2015). 

1.2. Subspecies and lineages of Apis mellifera  

The taxonomy of honey bee populations and their evolutionary relationships have ever been 

important topics of research, with an increasingly improving approaches. Commonly applied 

methods include classical morphometry (Ruttner, 1978, 1988; Hepburn and Radloff, 1998), 

wing geometric morphometry (Tofilski, 2004; Nawrocka et al., 2018), a mitochondrial marker 

(Cornuet and Garnery, 1991; Garnery, 1992b; Garnery et al., 1993), and genome-wide analyses 

of single nucleotide polymorphisms (SNPs) (Weinstock et al., 2006; Wallberg et al., 2014; 

Wallberg et al., 2017). So far, 33 subspecies of the honey bee have been reported (Ilyasov et 

al., 2020). It is broadly accepted that the honey bees belong to five major evolutionary lineages 

(Franck et al, 2001; Cridland et al. 2017; Themudo et al., 2020). However, there are 

inconsistencies among various studies in the grouping of subspecies into evolutionary lineages, 

and the number of lineages as well as origin and distribution of the species (Ruttner 1978, 1988; 

Garnery et al., 1992b; Franck et al, 2001; Alburaki et al., 2013; Cridland et al., 2017).  

Building on earlier morphometric studies (Alpatov, 1929; Goetze, 1956), Ruttner (1978) 

developed a method of multivariate morphometric analyses which is still adopted as a standard 

(Meixner et al., 2013) to discriminate and characterize honey bee subspecies based on 42 

morphological characters of color, size, wing and hair. Accordingly, the honey bee subspecies 

were discriminated and clustered into three major groups (Fig 1) that led to establishment of 

hypotheses on the origin and routes of distribution of the species (Ruttner, 1978, 1988; Franck 

et al., 2001; Weinstock et al., 2006; Han et al., 2012). Several studies supported the hypothesis 

that the honey bee originated from northeast Africa or the Middle East, and distributed world-

wide in different routes (Ruttner, 1978; Weinstock et al., 2006; Cridland et al., 2017; Dogantzis 

and Zayed, 2019; Tihelka et al., 2020), while others argue against (Han et al., 2012).     
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A molecular method of phylogenetic analysis of the honey bee based on the mitochondrial 

marker located at the intergenic region between cytochrome oxidase subunit I and subunit II 

(commonly known as COI-COII) was introduced as a simple technique for identifying 

evolutionary lineages (Garnery et al., 1992b; Garnery et al., 1993). The mitochondrial genome 

of Apis mellifera contains a long COI-COII intergenic region which varies between lineages in 

sequence length and frequency of characteristic P and Q motifs (Cornuet and Garnery, 1991; 

Garnery et al., 1993). Analysis of COI-COII gave consistent result with wing geometric 

morphometry in separating lineages, and an online program for the identification of lineages 

A, M, C and O was recently developed based on multivariate analyses of 19 landmarks out of 

the worker honey bee forewing venation (Nawrocka et al., 2018). The forewing venation of 

honey bees carries sufficient information inherited from both parents (Meixner et al., 2013). 

Genome-wide SNP analyses could provide insights into the honey bee evolutionary history 

(Weinstock et al., 2006) and adaptation (Zayed and Whitfield, 2008; Wallberg et al., 2017; 

Henriques et al., 2018). Recent studies based on genome-wide SNP analyses (e.g. Cridland et 

al., 2017; Themudo et al., 2020) supported a previous hypothesis of five major lineages of the 

honey bee suggested by Franck et al. (2001) based on COI-COII analyses. The fifth lineage Y 

was introduced based on a characteristic sequence of COI-COII in Ethiopian honey bees, 

whereas Cridland et al. (2017) and Themudo et al. (2020) represented Y with samples from the 

Middle East. Moreover, Cridland et al. (2017) supported the origin of A.mellifera to be in 

Northeast Africa or the Middle East, with the ancestral population giving rise to A and Y 

lineages, but their precise placement is not clear and awaits future research that should include 

Ethiopian honey bee samples and employ genome-wide SNP analysis.



  

  

 

 

 

Fig 1. Evolutionary lineages of the honey bee Apis mellifera classified using A) Principal component analyses based on classical morphometry, showing the grouping of the 

honey bee subspecies into three major branches following the lineage distribution (Ruttner, 1978), B) Canonical variate analyses based on forewing venation, showing the 

separation of lineages A, C, M, and O, not including samples of lineage Y (Nawrocka et al., 2017), and C) Neighbor-joining tree based on a genome-wide genetic distance, 

elucidating four lineages (Weinstock et al., 2006); as well as (D) geographic distribution of five lineages M, C, O, Y, A (Dogantzis and Zayed, 2019).   
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1.3. Apiculture and its consequences on Apis mellifera       

Human being appreciated the importance of honey bee products such as honey and beeswax 

since ancient times of honey hunting (Dunne et al., 2021) to present-day modern apiculture 

and pollination service (IPBES, 2016). The art of beekeeping has been changing and 

commercializing with innovation of beekeeping equipment such as the Langstroth – a movable 

frame beehive (Langstroth, 1852) – and better understanding of the honey bee biology. The 

discoveries of parthenogenesis – development of drones from unfertilized eggs (Phillips, 1903) 

- and multiple drone mating behavior of a queen in drone congregation area (Ruttner, 1956) 

gave a pathway to the concept of controlled breeding through selection and crossing of lines to 

achieve desired goals (Adam, 1987).  

Initially, breeders focused on economically important traits which gave rise to the development 

of commercial breeds such as the Buckfast that are now widely distributed replacing native 

subspecies in Europe (Meixner et al., 2010). Selective breeding hinders adaptive traits such as 

overwintering and resistance against Varroa destructor (Kovačić et al., 2020), which together 

with agro-chemicals and other stressors could result in colony collapse disorder - CCD 

(vanEngelsdorp et al., 2009). Moreover, the introduction of honey bee queens of African 

subspecies to Brazil with a good intention of controlled breeding to develop productive breed 

under tropical conditions ended up in the infamous hybrid that has been invasively occupying 

up to the north America and negatively impacted human health, ecosystem and economy 

(Michener, 1975; Guzman-Novoa et al., 2020). Furthermore, apicultural activities such as 

breeding, transportation, trade and migratory beekeeping affected the genetic diversity of 

honey bee populations (Canovas et al., 2011; Themudo et al., 2020).  

Recently, honey bee breeding goals and selection traits started to be re-defined due to an 

increased awareness on the importance of honey bee pollination service and in response to the 

emerging challenges; paving ways to sustainable breeding and conservation (Blacquière et al., 
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2019; Büchler et al., 2020; Conte et al., 2020). The focus of apiculture in developing countries 

remained to be creating an economic option for poverty alleviation and livelihood improvement 

(Girma et al., 2008; Hailu 2015; Mazorodze, 2015; European Commission 2019). In either 

ways, a comprehensive understanding of the biology, genetic diversity, mechanisms of 

adaptation and performances of the honey bees under local settings would play vital roles.   

1.4. Ethiopian honey bees and beekeeping  

Ethiopia is a subsistent agriculture-based country located in northeast Africa at close proximity 

to the Middle East, comprising of diverse agro-ecological zones (AEZs) extending from humid 

to arid and elevations from >100 meter below sea level to 4,500 meters above sea level (masl). 

Three AEZs (highland, midland, lowland) are commonly recognized in Ethiopia as a broader 

classification that considers land use, farming systems and rural livelihoods in addition to 

natural ecosystem. This diversity enabled the growth of diverse flowering plants including a 

variety of cultivated crops, fruits, shrub, bushes and trees; a total of 7,000 honey bee floral 

species identified long ago (Fichtl and Adi, 1994). Ethiopia manages large population of honey 

bee colonies dominantly under subsistent traditional system despite recent changes through the 

efforts of apicultural development. 

The classification of Ethiopian honey bees has been a subject of debate. The country’s rich 

tradition and potential of beekeeping (Girma, 1998; Girma et al., 2008; CSA, 2018), agro-

ecological diversity, and location in northeast Africa where multiple lineages of the honey bee 

contact around the species origin (Cridland et al., 2017), made it an important research area in 

the honey bee taxonomy. In this regard, hypotheses have been debating from the unique Apis 

mellifera simensis (Meixner et al., 2011) to five other subspecies including A. m. jemenitica, 

A. m. scutellata, A. m. monticola (Amssalu et al., 2004). Genetic and morphometric analyses 

of this doctoral study (Hailu et al., 2020, 2021) supported that Ethiopian honey bees belong to 

the unique lineage Y (Franck et al., 2001) and subspecies A. m. simensis (Meixner et al., 2011), 
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whereas former classical morphometric studies reported up to five subspecies (Amssalu et al., 

2004). Both Amssalu et al. (2004) and Meixner et al. (2011) covered a large sample size 

distributed throughout the country, however, the later considered 36 morphological characters 

of Ethiopian samples and reference dataset of established regional subspecies compared to 13 

characters analyzed without reference in the former. Therefore, detected clusters were 

concluded to be morphologically adapted ecotypes (Meixner et al., 2011). However, both 

studies conducted on the classification of Ethiopian honey bee subspecies were merely based 

on classical morphometry and didn’t address neither the genetic nor apicultural aspects. 

Beekeeping is an important means of rural livelihood for millions of smallholder farmers in 

different parts of Ethiopia who collect forest honey, practice beekeeping at backyards, 

farmsteads or hillside rehabilitation areas (Girma and Gardebroek, 2015; Hailu, 2015; Geeraert 

et al., 2020; Tarekegn and Ayele 2020; Gratzer et al., 2021). The country is broadly classified 

into two as: 1) peripheral lowland pastoral rangelands which are mostly arid and desert areas 

known for mobile livestock production system consisting of cattle, equines and small ruminants 

(FAO, 1986, Coppock, 1994, CSA, 2018). Beekeeping is less practiced in the pastoral lowland 

areas along the international borders – creating barriers between the Ethiopian honey bees and 

neighboring A. m. scutellata, A. m. monticola, A. m. litorea. Natural barriers such as deserts, 

water bodies and mountains restrict exchange of genetic materials leading to divergence of 

populations to adapt their local habitats. 2) Central and northern highlands that are 

characterized by smallholder mixed crop-livestock farming. Honey bee colonies are 

traditionally managed usually at the backyards and homesteads as an integral part of the mixed 

crop-livestock farming system in many parts of the country. This type of beekeeping allows 

close management and protection of colonies and all family members involve to generate 

income without owning land (Gratzer et al., 2021). Honey collection from feral colonies is 

practiced in the southwest parts of Ethiopia (Getachew et al., 2012). These areas are known for 
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the production of Coffea arabica – an important cash crop for the country – where the honey 

bee A. mellifera is a dominant pollinator (Geeraert et al., 2020).   

In northern Ethiopia, hillside enclosures that are rehabilitated through integrated measures 

(Mekuria et al., 2007; Nyssen et al., 2014) have recently been used for improved beekeeping 

(Fig 2) aiming at economic empowerment of landless youth in the rural areas (Hailu, 2015; 

European Commission, 2019). This approach of beekeeping for rural development with a focus 

on establishing apiaries in remote hillside rehabilitation areas should be cautiously followed. It 

may undermine the advantages of traditional beekeeping integrated within the backyards and 

farmsteads (Yusuf et al., 2018; Gratzer et al. 2021), which perfectly fits to many of the United 

Nations Sustainable Development Goals (SDG) particularly goals specified in numbers 1 

(poverty alleviation), 2 (food security), and 13 (climate action). A sustainable honey bee 

breeding, which doesn’t exist so far in Ethiopia (Gratzer et al., 2021), and backyard bee forage 

development would address needs for colonies that can be friendly-managed within backyards 

using appropriate beehive technology. 

Based on the type of beehives used, Ethiopian beekeeping is officially classified into three 

systems as traditional (fixed-comb), transitional (top-bar) and modern (frame). The traditional 

beekeeping is dominant, constituting for about 96% of the total managed colony population 

(CSA, 2020). This system uses locally available fixed-comb small hives. This type of beehive 

favors for colony swarming and survival (Seeley and Smith, 2015; Loftus et al., 2016) but is 

difficult for management such as inspection and feeding. Honey harvesting out of the fixed-

comb hives involves removal of brood-containing combs and sometimes discarding the entire 

colony (Shenkute et al., 2012). Despite its simplicity, local availability and possibility of 

harvesting beeswax, the traditional system provides low yield of crude honey (Shenkute et al. 

2012; Gratzer et al., 2021), which is largely used for local beverage production (Dhyani et al., 

2019).  



 General introduction 

15 
 

Since the last few decades, the beekeeping extension in Ethiopia has been trying to improve 

honey yield (Fig 2) and quality by introducing frame hives (Abebe et al., 2008; Girma et al., 

2008), which gave encouraging results. For example, national honey production raised from 

about 25,000 in 2004 to 150,000 tones in 2020 (CSA, 2004, 2020). Movable frame hives such 

as the Langstroth provided higher yield of honey compared to the traditional system in Tigray 

region of northern Ethiopia (Yirga and Gidey, 2010) because they allow better management of 

colonies (Langstroth, 1852). Ethiopia developed an optimized version of top-bar hive to suit 

with local conditions (Ethiopian Beekeepers Association, 2011). Based on annual reports from 

CSA, average honey yield of top-bar hives over the period 2004 to 2020 was 40% higher than 

that of traditional hives. Top bar hives are simple to construct from locally available non-timber 

materials, cheap and don't depend on external foundation combs, making it more sustainable 

that complies with organic principles and norms (IFOAM, 2014; European Commission, 

2018). Furthermore, top-bar hives are reported to be more productive also in other parts of 

Africa (Yusuf et al., 2018) and suitable to apply bee-friendly management without destroying 

combs and killing bees compared to Ethiopian traditional hives (Getachew et al., 2012). 

However, as the country aims to produce export-market oriented extracted honey (Girma and 

Gardebroek, 2015), top-bar hives seem to be overlooked (Fig 2); accounting for only 1% 

compared to 3% frame-hives at national level (CSA, 2020). According to FAOSTAT (2021), 

Ethiopia imported about 2.5 million tons of wheat to fill food gap in 2016 while it exported 

481 tons of natural honey at the same time. High demand and price of honey in the Ethiopian 

domestic market (Yeserah et al., 2019) are usually considered as constraints for exporting to 

the international market. A sustainable apicultural development strategy would utilize such 

opportunities to boost the production and productivity by introducing appropriate equipment 

and methods.       



  

  

 

 

 
Fig 2. Ethiopian beekeeping systems, colony population, and honey yield: A) An apiary with frame hives established in an enclosed area for rehabilitation by landless youth of 

Beles village (Tahtay Koraro district, Tigray) through the support of Sustainable Land Management/SLM-project (2015); B) Movable frame and traditional beehives at the 

backyard and inside a living room of Mr. Zeru in Seraa’ village, Werieleke (2010); C) Numbers of frame hives (MFH), top bar hives (TBH) and traditional hives (TDH) from 

6,500,000 

 

4,768,103 

 

150,000 

 

80,000 

 

50,000 

#hives 

 

 

 

 

2005                       2010                               2015                              2021 

Year 



 General introduction 

17 
 

2005 to 2021 indicating faster increase of MFH; D) average honey yield of MFH, TBH and TDH in Kg/hive/year 

(data organized from annual survey reports of Central Statistical Agency of Ethiopia for the years 2004-2020 and 

analyzed using JMP Pro 15). E) Training on honey bee colony splitting using movable frame hives (Aksum 

University, 2015). F) Honey bee colony management activity using Ethiopian top-bar hive made of non-timber 

materials such as bamboo (Nuru Adgba, n.d). G) A colony of honey bees in a conical shape traditional fixed-comb 

beehive made of cow dung placed in a market for selling (Teweldemedhn and Yayneshet 2014b). 

 

Apicultural development interventions increased the overall demand for colonies and led to 

colony market development particularly in northern Ethiopia such as Tigray and Amhara 

regions (Dessalegn et al., 2010; Teweldemedhn and Yayneshet, 2014b). Colony splitting was 

recommended as the best queen rearing method for the Ethiopian honey bees and local 

conditions (Nuru and Weltedj, 1999), but practically natural swarming remained as the source 

of colonies traded in northern Ethiopia (Teweldemedhn and Yayneshet, 2014a). Experienced 

beekeepers in a few highland areas reproduce and sell colonies (details are presented in section 

four). The transportation of colonies can have adverse effects of spreading pests and pathogens. 

Several viruses including deformed wing virus have been recently identified (Gebremedhn et 

al., 2020) although Varroa mite infestation rate was low and the honey bees are said to be 

highly tolerant (Gebremedhn et al., 2019). High level of gene flow between different AEZs 

may disrupt population structures (Canovas et al., 2011) and develop invasive hybrids 

(Michener, 1975). Furthermore, artificial colony splitting and marketing can hamper natural 

adaptation. A skewed allelic frequency distribution (details in section three and four) can be 

observed when different areas specialize in production of colonies and honey at different AEZs 

(section four), mixing-up various genetic lines. 

In light of the importance of beekeeping and the need to conserve the honey bees, Ethiopia 

enacted a proclamation entitled “apiculture resources development and protection” with a goal 

of achieving sustainable apicultural development and conserving the honey bee genetic 

resource (Federal parliament, 2009). The effectiveness of its implementation and regulatory 

framework is yet to be assessed. Policy documents founded based on scientific evidences and 

practical guides relevant to local context would be sustainable. While commercializing 
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beekeeping to use it for poverty alleviation, threats on the genetic diversity, health, adaptation 

and overall resilience associated with apiculture, colony marketing and transportation need to 

be resolved by combining biological knowledge, practice and policy guides. 

1.5. Research hypotheses and questions    

Based on the rationales stated, two hypotheses could be made on the differentiation of 

Ethiopian honey bees and the role of anthropogenic activities in the honey bee gene flow: 1) 

Regarding population differentiation, the null hypothesis states that honey bees inhabiting 

highland, midland and lowland agro-ecological zones of Ethiopia represent morphologically 

and genetically differentiated subspecies and evolutionary lineages that belong to populations 

in the neighboring countries. The alternative hypothesis would be these honey bees may have 

evolved as a unique subspecies due to agro-ecological isolation from populations of the 

neighboring countries, but are subject to extensive gene flow within the country, enhanced by 

anthropogenic activities such as colony marketing and natural circumstances. 2) On the 

anthropogenic influences, it could be assumed that the apicultural extension might have been 

promoting both beekeeping and the honey bee genetic conservation in accordance with the 

national proclamation (Federal parliament, 2009). Therefore, the honey bee colony marketing 

in Tigray may not involve exchange of colonies between different AEZs that would lead to 

significant impact on the genetic diversity. The alternative hypothesis would be that the 

extension might have focused on beekeeping without attention to the honey bee conservation 

and the risks of colony marketing or transportation. Therefore, there is no significant difference 

among the honey bee colony market actors’ roles and their market behaviors based on their 

exposure to apicultural extension services.      

This research was initiated to answer four key questions: 1) To what extent can the honey bees 

inhabiting at different AEZs of Ethiopia be differentiated based on morphological and genetic 

characteristics within the country and in comparison to reference honey bee subspecies and 
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lineages from the neighboring countries? 2) What aspects of morphological and genetic 

parameters can be revealed in relation to AEZs as evidence of local adaptation among the 

Ethiopian honey bees? 3) What is the role of apicultural extension in shaping the behaviors of 

honey bee colony market actors in Tigray region of northern Ethiopia? 4) How sustainable is 

the Ethiopian apicultural development intervention?  

1.6. Research aims and objectives  

This research was designed to decipher Ethiopian honey bees using integrated methods. This 

is relevant taking into account the country’s rich tradition and high potential of beekeeping 

(Girma, 1998; Girma et al., 2008; CSA, 2018) which is currently going through rapid 

transformation (section four); diverse agro-ecology, and location in northeast Africa where 

major evolutionary lineages adjoin (Cridland et al., 2017). Moreover, several studies based on 

classical morphometry debated on the honey bees classification – ranging from the unique Apis 

mellifera simensis (Meixner et al., 2011) to five other subspecies (Amssalu et al., 2004).  

Therefore, the general objective of this research was to classify and characterize Ethiopian 

honey bees based on morphometric, genetic and socio-economic analyses. The specific 

objectives were to: 

(1) determine the evolutionary lineage and subspecies of Ethiopian honey bees using 

morphometric and genetic analyses; 

 (2) identify morphological and genetic signatures of local adaptation among the honey bees 

inhabiting at different AEZs and  

(3) assess beekeeping and colony marketing trends, drivers and biological implications. 

Overall, the thesis tried to provide comprehensive insights into the Ethiopian honey bees in 

reference to global lineages and regional subspecies using integrated morphometric and genetic 
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analyses supported with apicultural development trend analyses and colony market survey. It 

accounted of lineage and subspecies classification, local adaptation and interrelationships 

between honey bees inhabiting highland, midland and lowland AEZs, and the role of 

anthropogenic factors in the honey bee population dynamics. This may contribute to designing 

sustainable apicultural development and conservation strategies in the country. Ultimately, it 

will positively impact the honey bees and livelihoods of beekeepers in Ethiopia. 

1.7. Limitations  

This study is focused in Tigray region with a purposeful inclusion of two sampling sites from 

Wendogenet area (further details are available in section two). Tigray is a regional state located 

in the northern part of the Federal democratic republic of Ethiopia, whereas Wendogenet is a 

small geographic area located in the southern part of the country sharing areas between the 

regional states of Oromia and Southern Nations and Nationalities (SNNP). Sampling in Tigray 

region composes of three local areas (Mugulat, Werie, Koyetsa) – each consisting of highland, 

midland and lowland AEZs. Unfortunately, it was not possible to include samples from the 

highland AEZ in Wendogenet local area due to public unrest and state of emergency declared 

during the sampling period in 2018. 

Overall, the research has prioritized Tigray region because of its beekeeping potential; rapid 

transformation of the traditional beekeeping (now interrupted by the war recently emerged in 

November 2020); existence of a unique colony marketing practice; indication of two 

subspecies, namely A. m. jemenitica and A. m. monticola in the region (Amssalu et al, 2004); 

and its geographic proximity to habitats of the lineages O in the north and A in the west. 

Tigray’s location within the mandate area of Aksum University which is a home institution of 

the doctoral researcher and insecurity related to mass unrest and state of emergency declared 

in other parts of the country during the sampling period in 2018 were also considered.  
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Furthermore, laboratory dataset generated and used in this thesis are based on selected 

morphometric characters and genetic markers due to resource limitation including time and 

funding. Therefore, future research will have to build on this research to cover broader 

sampling areas and data on the topic when resources and situations allow.
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5. General discussion 

This section provides an overall discussion of the dissertation on Ethiopian honey bees, 

apicultural development and colony marketing. The classification of lineages and subspecies 

is addressed using integrated methods to complement prior gaps and inconsistencies. Similarly, 

identified morphological and genetic signatures of local adaptation in these honey bees are 

discussed in a context of beekeeping-influenced gene flow and admixture. Furthermore, 

beekeeping development achieved during the recent decades of apicultural transformation in 

Ethiopia and an emerging trend of honey bee colony marketing are articulated as relevant to 

the honey bee population dynamics and sustainable genetic resource management. The 

discussion is finalized with concluding remarks on the hypotheses that are supported by this 

study and suggesting the way forwards to better understand the honey bees, and design 

improved beekeeping and conservation strategies.  

5.1. Lineage and subspecies classification 

The classification of Ethiopian honey bees has been a subject of debate. In the present study 

(Hailu et al., 2020, section two), these honey bees could be clearly and significantly separated 

from A, O, M, C and belong to the lineage Y using both wing geometric morphometry and 

COI-COI sequence analyses as suggested by Franck et al. (2001). Canonical variate analyses 

based on forewing venation separated Ethiopian honey bees of this study from lineages A, O, 

M, C and belonged to lineage Y, represented by A. m. simensis reference samples (section two, 

Fig 2). This supported the hypothesis that Ethiopian honey bees represent a separate lineage Y. 

Similarly, a phylogenetic analyses based on the mitochondrial COI-COII sequence 

differentiated Ethiopian honey bees from the reference lineages, but there is an indication of 

overlap between the middle eastern and Ethiopian honey bees in the northern part of the  

country close to Eritrean border (Hailu et al., 2020, section two, Fig 1). Several studies tried to 

describe evolutionary lineages of the honey bee A. mellifera using classical morphometry 
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(Ruttner, 1978, 1988), geometric morphometry (Nawrocka et al., 2018), mitochondrial COI-

COII (Franck et al., 2001), and genome-wide SNP (Weinstock et al., 2006; Cridland et al., 

2017) analyses. Following the hypothesis of Ruttner (1988), Nawrocka et al. (2018) separated 

four major global lineages of the honey bee and developed an online program based on 

forewing geometry defined by 19 landmarks. However, the program didn’t include references 

for the lineage Y because there was no wing geometric morphometric data prior to this research. 

Studies based on a genome-wide SNP analyses (Whitfield et al., 2006; Weinstock et al., 2006; 

Wallberg et al., 2014) supported the hypothesis of four lineages of the honey bees as suggested 

by Ruttner (1988). Recently, Cridland et al. (2017) confirmed that lineage Y exists in close 

proximity with A and O lineages by conducting genome-wide SNP analyses on A. m. jementica 

samples from Yemen and Saudi Arabia in contrast to the Ethiopian honey bee samples used in 

designating lineage Y (Franck et al., 2001). Later studies (Dogantzis and Zayed, 2019; 

Themudo et al. 2020) further indicated the Y group to be a lineage of the horn of Africa and 

Arabian peninsula. According to Alattal et al. (2014), Saudi Arabian honey bees belong to 

lineage O, and there was no indication of lineage Y in Sudan (El-Niweiri and Moritz 2008), 

which shares an extended border with Ethiopia. Ethiopian honey bees included during the 

identification of lineage Y were assumed to be A. m. jementica (Franck et al, 2001). According 

to Ruttner (1988), A. m. jementica occupies several countries in Africa and the middle east. 

Morphologically, lineage Y showed increased level of differentiation to lineage A compared 

to lineage O (Hailu et al. 2020, section two, table IV). Overall, this study supported that 

Ethiopia is located in the main distribution routes of A. mellifera, but future research with 

bigger dataset and systematic sampling across northeast Africa and the Middle East should 

clarify the species origin, ranges of the lineages and precise distance to each other.    

On the level of subspecies, the honey bees of Ethiopia are differentiated from the neighbouring 

populations. Both methods of classical morphometry (Hailu et al., 2021, section three) and 
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wing geometric morphometry (Hailu et al., 2020, section two) supported that Ethiopian honey 

bees differ from the regional reference subspecies including A. m. jemenitica, A. m. scutellata, 

A. m. monticola, A. m. adansonii but belonged to the unique A. m. simensis as proposed by 

Meixner et al. (2011). In addition, Ethiopian honey bees could be significantly differentiated 

from A. m. monticola (FST=0.0697) and A. m. scutellata (FST=0.03957) based on r7-frag 

(section three, table 4). The separation of A. m. simensis from the neighbouring honey bee 

subspecies can be explained by the agro-ecological isolation of Ethiopia by a belt of arid 

lowland boundaries (FAO, 1986) characterized by pastoral livestock production system where 

beekeeping is not favoured (CSA, 2018). Previously, other classical morphometric studies 

reported up to five subspecies including A. m. jemenitica, A. m. scutellata, A. m. monticola 

based on the detection of clusters and relating to individual characters of published subspecies 

without directly including reference data in the analyses (Radloff and Hepburn, 2000; Amssalu 

et al., 2004). Inclusion of morphometric reference data in discriminating subspecies would be 

important due to the fact that subspecies of the honey bee have been described and designated 

mainly based on morphometric analyses; to precisely and consistently determine distance and 

to avoid confusion of local/ecological clustering of subpopulations with subspecies. This was 

strongly recommended by the COLOSS BEEBOOK on standard study methods of A. mellifera 

subspecies and ecotypes (Meixner et al., 2013). Genetically, Ethiopian honey bees are 

markedly differentiated from A. m. monticola and A. m. scutellata of neighbouring Kenyan 

honey bees (Hailu et al., 2021, section thrree), whereas morphometrically A. m. monticola was 

the closest to A. m. simensis (Meixner et al., 2011; Hailu et al., 2020). Honey bees can 

demonstrate plasticity and/or adapt to their local habitat conditions in various ways: 

morphologically (Ruttner, 1988), behaviourally (McNally and Schneider, 1992) and 

genetically (Wallberg et al., 2017). As a result, different subspecies have developed and occupy 

different habitats: the darker A. m. monticola lives in mountainous areas of east Africa (Smith, 
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1961) and A. m. scutellata inhabits corresponding lowlands, while A. m. jemenitica occupies 

desert areas in the Middle East and northeast Africa (Ruttner, 1988; Hepburn and Radloff, 

1998). The distribution map of Ethiopian honey bee subspecies reported by Amssalu et al. 

(2004) tended to follow such an ecological pattern within the country. Later on, this was 

considered as ecological inclination that lacks a clear demarcation (Meixner et al., 2011).        

5.2. Local adaptation and gene flow      

As presented in section two and three, morphological and genetic evidences of local adaptation 

are identified in the Ethiopian honey bees. These honey bees showed morphological and 

genetic association with environmental factors such as elevation (Meixner et al., 2011; Hailu 

et al., 2020, 2021). Morphologically, size of the honey bees particularly forewing linearly 

associated with elevation. That is, highland bees have larger wing size compared to populations 

at lower elevations (section two and three). This agreed with previous studies that reported 

direct association of size with habitat elevation in the honey bees of Kenya (Gruber et al., 

2013). The elevation of habitats and accompanying local climate and vegetation, here 

represented as AEZ, can have a large impact and leave potential signatures of local adaptation 

in species (Bastide et al., 2014). Long term data obtained from FAO (Global agroecological 

zones) indicate that the highland areas of this study are colder and are covered with different 

floral species compared to the midland and lowland AEZs (details in section two). The size of 

honey bees was reported to play a key role in thermal tolerance where smaller bees are adapted 

to hot environments such as the Middle East (Abou-Shaara et al., 2012; Abou-Shaara, 2015). 

In east Africa, larger bees occupying mountain forest ecosystem could be differentiated from 

that of lowland savanna (Smith, 1961; Radloff and Hepburn, 1997; Gruber et al., 2013). This 

hypothesis was supported by the present study with a strong correlation of forewing size with 

habitat elevation in the Ethiopian honey bees.  

http://www.fao.org/nr/gaez/en/
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In this study, five mitochondrial COI-COII DraI haplotypes were identified to be randomly 

distributed across AEZs of Ethiopia (Hailu et al., 2020, section two). This could be resulted 

from extensive gene flow, which can be explained by the local honey bee colony marketing 

leading to admixture. In line with this, analyses based on a nuclear marker r7-frag showed low 

level of genetic differentiation and high rate of gene flow between AEZs among the Ethiopian 

honey bees (Hailu et al., 2021, section three). A genome-wide SNP analyses on mountain forest 

and savannah honey bees of Kenya (Wallberg et al., 2017) discovered the intriguing region r7-

frag within the gene octopamine receptor beta-2R (LOC412896) located near a potential 

chromosomal breakpoint, showing striking variability between A. m. monticola and A. m. 

scutellata. Octopamine was identified to be modulating responses to sucrose (Blenau et al., 

2002), learning odors (Hammer and Menzel, 1998), visuals (Erber, 1995), nursing (Behrends 

and Scheiner 2012), and thermo regulation (Cook et al., 2017) in honey bees, and in locusts, it 

stabilizes hypoxia (Money et al., 2016) and hypothermia (Armstrong and Robertson, 2006). 

Thus, r7-frag strongly associated with habitat elevation in unmanaged Kenyan honey bees of lineage A 

(Wallberg et al., 2017). In northern Ethiopia, however, there has been a unique practice of honey 

bee colony marketing that involve transportation of colonies across AEZs (details in section 

four), which could enhance the level of gene flow and reduce genetic differentiation. 

Consequently, the differentiation between highland and lowland Ethiopian honey bees was 

low, FST=0.024 (Hailu et al., 2021, section three table 4) compared to a high divergence 

between the honey bees of mountain forest (A. m. monticola) and lowland savannah (A. m. 

scutellata) in Kenya (Wallberg et al., 2017). According to Nielsen and Slatkin (2013), FST 

values can be related with level of differentiation: 0 to 0.05 for little, 0.05 to 0.15 for moderate, 

0.15 to 0.25 for great and >0.25 for very great divergence; but this didn’t specifically consider 

honey bees or insects. Therefore, the level of genetic differentiation in Ethiopian honey bees 

falls in the category of little due to extensive gene flow. Note, the significant morphological 
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differentiation between AEZs discussed in the previous paragraph should not be confused here 

as it could be amplified by plastic adaption that can occur in a relatively short time frame.           

However, in a few local areas, a marked genetic differentiation was observed between the 

highland and lowland honey bees identified by an allelic length polymorphism as a 

characteristic of local adaptation among communities that are less influenced by anthropogenic 

activities. This was particularly pronounced in Werie area which represent an extensive land-

use system (Hailu et al., 2021, section three). In this case, the highland bees were greatly 

diverged (FST=0.219) from the lowlands, while the rate of gene flow was little (Nm=2.23) 

compared to a substantial level of flow between AEZs in other localities of the same region, 

e.g. Mugulat area in Ganta-Afeshum district (Nm=17.87). This conserved signature of local 

adaptation in the undisturbed communities supported the hypothesis that r7-frag associates 

with adaptation to habitat elevation in honey bees (Wallberg et al., 2017). 

To shed lights on the two aspects of local adaptation and admixture in the Ethiopian honey 

bees, further analyses were conducted on the nucleotide diversity and allelic distributions. In 

Ethiopian honey bees, r7-frag showed that nucleotide diversity is directly related with habitat 

elevation with a skewed allelic frequency distribution (Hailu et al., 2021, section three). That 

is, the honey bees at higher altitudes demonstrated the least diversity; which may indicate a 

reduced effective population size in the highlands. A skewed allele frequency distribution 

towards an excess of rare mutation was observed by negative values of Tajima’s D. This 

situation may occur after population size expansion (may relate to a massive honey bee colony 

population growth due to increased production as a trading commodity), recent selective sweep 

(supported by a significant allelic length polymorphism that associated with elevation) or in 

admixed populations. As discussed previously, a substantial level of gene flow was observed 

that could have subsequently led to admixture and eroded the genetic differentiations. 

Consequently, the midlands which are transitions between the higher and lower elevations were 
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the most diverse on local area basis. Although sampling sites were >10 km apart, natural 

dispersal through swarming, migration and mating can’t be ruled out in explaining the flow, 

besides to anthropogenic influences. In line with the gene flow and admixture, diversity varied 

between local areas. The contact area between ranges of lineages Y and O in northwest Tigray 

(Hailu et al., 2020, section two) was the most and the least was in mount Mugulat (Hailu et al., 

2021, section three). Mugulat was identified as one of the main supplying areas of colonies for 

the rapidly developing apiculture in the region (section four). A study indicated that 

management increases genetic diversity in honey bees by promoting admixture (Harpur et al., 

2012; Harpur and Minaei, 2013), but others argue against from conservation perspectives (De 

la Rúa et al., 2013). In light of the substantial rate of gene flow involving significantly different 

AEZs and areas (section four), it would make sense to argue for admixture as a describing 

feature of the Ethiopian honey bees. However, more genome-wide data will be needed to fully 

disentangle whether the observed skewed allelic distribution is related to selective sweep 

towards a favourable allele or to the substantially high level of gene flow and admixture 

enhanced by the unique practice of honey bee colony marketing.  

5.3. Apicultural development and colony marketing 

As a major subsistent beekeeping country with a developing economy, Ethiopia has been trying 

to use apiculture for poverty alleviation through various development interventions over the 

last few decades. These have significantly improved honey production and productivity, 

particularly in Tigray region of northern Ethiopia. As a result, the number of managed colonies 

nearly doubled, percentage of movable frame hives increased from 1 to 23 and annual honey 

production tripled during the period 2004 to 2020 in the region (CSA 2004, 2021). At national 

level, there was a 65% increase in the total number of honey bee colonies over the same period, 

while frame hives in 2020 constituted only 3% compared to 23% in Tigray. These have led to 

increased demand for colonies and the development of colony marketing in northern Ethiopia. 
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As presented in section four, the market survey part of this study showed that beekeepers in 

Tigray region exchange colonies involving significant difference in spatial and AEZs between 

the sources and destinations. The honey bees were mainly originated from a few highland areas 

of colony reproduction and were redistributed to broader areas for honey production. The 

highland beekeepers reproduced their stock colonies using swarming and supplied to the 

market for the buyers who aimed for honey production throughout the region. Therefore, 

colonies have been transported across the region involving significant difference spatially and 

agro-ecologically. This practice of honey bee colony marketing in association with a rapid 

transformation of apiculture eroded the genetic differentiation by causing a high level of gene 

flow between areas of different AEZs in Tigray region (section four). Experience shows that 

anthropogenic activities such as beekeeping impacted the honey bee in various ways; e.g. the 

emergence and widespread of Africanized honey bees in South America all the way to Central 

and North America, and the replacement of native A. m. mellifera by commercial breeds in 

Europe and an overall loss of genetic diversity (Michener, 1975; Cánovas et al., 2011; (Meixner 

et al., 2010; Themudo et al., 2020). Recent apicultural research and extension efforts in 

developed countries focus on vitality and local adaptation (Blacquière et al., 2019; Büchler et 

al., 2020) to address enormous challenges of varroa mite (Conte et al., 2020) and genetic 

erosion (Themudo et al., 2020). Whereas, beekeepers traditionally select colonies based on 

colony size, color, gentleness, honey yield etc. (Tilahun et al., 2016), there is no feasible 

breeding initiative in Ethiopia. Moreover, the beekeeping extension didn’t make a significant 

contribution on the role of colony market actors who mainly rely on their perceptions and 

preferences for colonies (section four ). 

From production point of view, traditional beekeeping remained as a dominant system by 

accounting 96% of the total managed colony population at the national level (CSA, 2020) 

despite ongoing changes in association with development interventions. The beekeeping 
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system in Ethiopia is classified into three as traditional (fixed-comb), transitional (top-bar) and 

modern (movable frame) – each with its merits and demerits (details in section one). An 

Ethiopian version of top-bar hive, which is simple to construct from non-timber materials, 

doesn't depend on foundation combs compared to frame hives and could provide significantly 

higher yield of honey than traditional hives, was developed (Ethiopian Beekeepers Association, 

2011). Analyses based on publications of the CSA (2005-2020) showed that apicultural 

development interventions substantially improved the national annual honey production from 

25,000 in 2005 to 150,000 tons in 2020 through provision of higher yielding movable frame 

hives (17.9 kg per hive per year) and top-bar hives (13 kg per hive per year) compared to fixed-

comb traditional hives (9.31 kg per hive per year). Average honey yield of top-bar hives over 

the period was 40% higher than that of traditional hives. However, apicultural development 

efforts in the country have been focusing on the introduction of movable frame hives with the 

aim of producing extracted honey for export markets although the domestic price is high 

(Yeserah et al., 2019) and the country depends on imported grains to feed its population.  

5.4. Conclusion and recommendations    

Ethiopian honey bees are characterized by low level of differentiation and more gene flow 

enhanced by colony marketing. These honey bees represent a separate lineage Y as suggested 

by Franck et al (2001) and subspecies A. m. simensis (Meixner et al., 2011) but there is 

indication of lineage O in the north. A further study using integrated approaches, covering 

broad area and bigger dataset should identify precise ranges, origin, introgression and 

interrelationships of lineages that seem to be closely related (Y, O, A) to draw conclusions and 

management implications. An allelic length polymorphism identified to be associated with 

elevation in a few conserved honey bee communities in Tigray indicated local adaptation which 

should be further studied. Genome-wide association study supported with performance 

evaluation based on field experiment at different AEZs can provide robust conclusions on 
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adaptation and the roles of anthropogenic activities in the local honey bee diversity. Recently, 

transformation of traditional beekeeping improved annual honey production and yield through 

various development interventions, which increased the number of managed colonies. 

However, there is no evidence that the beekeeping extension contributed to the honey bee 

genetic conservation and limiting colony re-distribution. Therefore, a roadmap for sustainable 

development of the subsistent Ethiopian beekeeping needs to consider: 1) promoting the 

capacity of beekeepers to reproduce colonies locally and avoid colony trade between agro-

ecological zones – maintain the diversity and health of the honey bees while saving expenses 

on colony purchase; 2) improving honey yield using low cost non-timber top-bar hives that use 

natural comb, which are currently overlooked, to enhance welfare of the honey bees and the 

beekeepers’ livelihood; and 3) establishing a sustainable honey bee breeding that can address 

the beekeepers’ needs for productive, locally adapted and gentle colonies that can be friendly-

managed during daylights and be integrated into the backyards.
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Summary 

Ethiopia is a major beekeeping country located in northeast Africa where several evolutionary 

lineages of Apis mellifera contact. A unique practice of honey bee colony marketing which 

involves broad agro-ecological zones (AEZs) is a developing trend in the northern part of the 

country such as Tigray region in association with apicultural development. Several studies 

based on classical morphometry on the Ethiopian honey bee subspecies classification debated 

from the unique Apis mellifera simensis to five others. Moreover, the genetic diversity, 

adaptation, gene flow and inter-relationships of the honey bees between AEZs were not 

disentangled – a challenge for planning sustainable apicultural development and conservation. 

Therefore, this study was conducted to elucidate the honey bees of Ethiopia in a context of 

apicultural transformation using integrated methods: morphometrics, genetics, colony market 

survey and metadata analyses on beekeeping development. 

The results of geometric morphometric analyses confirmed that Ethiopian honey bees 

represented by Apis mellifera simensis references belong to a separate lineage (Y) compared to 

A, O, M and C, and the present sample belonged to Y. This supported the hypothesis of five 

major honey bee lineages of the honey bee Apis mellifera. Similarly, a maximum likelihood 

phylogenetic tree analysis based on the mitochondrial COI-COII showed that most of the 

Ethiopian honey bees belong to lineage Y. However, a substantial proportion of the samples 

from the northern part of the country clustered with lineage O, which support the hypothesis 

that there is close contact between Y and O. Both geometric morphometry and classical 

morphometry differentiated the Ethiopian honey bees from all references including A. m. 

monticola, A. m. scutellata, A. m. jementica, A. m. adansonii but grouped with A. m. simensis. 

Genetically, five DraI haplotypes (COI-COII) were found to be randomly distributed across 

AEZs, indicating a substantial gene flow. Consequently, the level of genetic differentiation 

among the Ethiopian honey bee subpopulations defined by local areas and AEZs was generally 
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low based on r7-frag nuclear marker, which is identified to be associated with adaptation to 

habitat elevation in East African honey bees. Similarly, nucleotide diversity consistently 

decreased with increasing elevation – indicating a reduced effective population size in the 

highlands.  

Results obtained from colony market survey showed that the honey bee swarms are reproduced 

in a few highlands and re-distributed throughout the region. Colony buyers have preferences 

of color and AEZ of origin of the honey bees, which led to a one-way flow and eroded the 

overall level of genetic differentiation. However, a marked differentiation was detected 

between the highland and lowland honey bees in relic communities where an allelic length 

polymorphism was observed as a signature of local adaptation. 

Altogether, Ethiopian honey bees belong to the lineage Y and subspecies A. m. simensis, and 

are characterized by a high level of gene flow enhanced by colony marketing; but a conserved 

signature of local adaptation to higher elevations was identified in less disturbed communities. 

Further studies based on genome-wide analyses and field experiments, focusing on undisturbed 

communities, can provide more insights into adaptation, admixture and management 

implications. Sustainable bee breeding and extension services that enable local beekeeping 

without colony trade and transportation will help to promote apiculture and genetic 

conservation. 
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Zusammenfassung 

Äthiopien ist ein Land mit vielfältigen Ökosystemen im Nordosten Afrikas, in denen viele 

evolutionäre Linien von Apis mellifera zusammenkommen. In der Region Tigray (im Norden 

von Äthiopien) werden Honigbienenvölker auf zentralen Märkten gehandelt. Mehrere Studien 

zur Klassifikation der Unterarten von äthiopischen Honigbienen auf der Grundlage der 

klassischen Morphometrie stellten unterschiedliche Hypothesen über die Anzahl dieser 

Unterarten auf. Darüber hinaus war der Mangel an Informationen über genetische Vielfalt, 

Anpassung und Genfluss eine Herausforderung für die Planung einer nachhaltigen 

Entwicklung der Imkerei. Ziel dieser Doktorarbeit war es, diese Honigbienen und den Handel 

mit ihnen auf der Grundlage von Morphometrie, Genetik und Marktuntersuchungsanalysen in 

einen Zusammenhang zu stellen.  

Die Ergebnisse bestätigten, dass äthiopische Honigbienen, die durch Apis mellifera simensis-

Referenzen repräsentiert werden, von den Linien A, O, M und C morphologisch unterschieden 

werden können und zu der Linie Y gehören, was die Hypothese von fünf großen Honigbienen-

Linien unterstützt. In ähnlicher Weise zeigte die mitochondriale COI-COII-Analyse, dass die 

meisten äthiopischen Honigbienen der Linie Y angehören. Ein erheblicher Anteil der Proben 

aus dem nördlichen Teil des Landes gruppierte sich jedoch mit der Linie O, was die Hypothese 

eines engen Kontaktes zwischen den Linien Y und O stützte. Hinsichtlich der Unterarten 

unterschieden die geometrische Morphometrie und die klassische Morphometrie die 

äthiopischen Honigbienen von allen Referenzen einschließlich A. m. monticola, A. m. 

scutellata, A. m. jementica, A. m. adansonii, aber gruppierten mit A. m. simensis. Genetisch 

wurden fünf DraI-Haplotypen identifiziert, die zufällig über die agro-ecological zones (AEZs) 

verteilt waren, was auf einen erheblichen Genfluss hinweist. 



  Zusammenfassung 

 

109 
 

Folglich war die genetische Differenzierung der äthiopischen Proben insgesamt gering. Die 

Abnahme der Nukleotiddiversität in den Subpopulationen von A. mellifera in höher gelegenen 

Habitaten deutet auf eine reduzierte effektive Populationsgröße im Hochland hin. 

Die Markterhebung ergab, dass sich die Honigbienenvölker in einigen Hochländern vermehren 

und durch die Vermarktung in der gesamten Region von Tigray verteilt werden. Eine Ursache 

hierfür ist, dass die Käufer die Farbe und die AEZ der Herkunft bevorzugen. Dies führte zu 

einem unidirektionalen Fluss von genetischem Material und verringert die genetische 

Differenzierung. In lokalen, ungestörten Gebieten konnte jedoch eine deutliche 

Differenzierung zwischen der Hochland- und der Tieflandhonigbiene festgestellt werden. 

Dabei wurde ein Allellängenpolymorphismus als Zeichen der lokalen Anpassung beobachtet. 

Zusammenfassend lässt sich feststellen, dass äthiopische Honigbienen der Linie Y und der 

Unterart A. m. simensis zugehörig sind. Ein hoher Genfluss zwischen Subpopulationen wird 

durch Koloniemarketing verstärkt; aber eine konservierte Signatur der lokalen Anpassung an 

höhere Lagen wurde in ungestörten Gebieten identifiziert. Weitere Forschungen auf der 

Grundlage genomweiter Analysen und Feldexperimente, die sich auf die ungestörten lokalen, 

Gebiete konzentrieren, können weitere Einblicke in Anpassung, Durchmischung und 

Management liefern. Nachhaltige Bienenzucht und Beratungsdienste, die eine lokale Imkerei 

ohne Völkerhandel ermöglichen, werden zur Förderung der Imkerei und der genetischen 

Erhaltung beitragen.  
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