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ABSTRACT 

Insects, including wild bees (Hymenoptera: Anthophila) are exceptional model organisms to 

assess the effect of climate variation on species richness along altitudinal gradients. Climate 

variables and weather conditions are of extreme importance for insects particularly since 

their capacity of body temperature regulation is determined by the ambient temperature. 

Additionally, bee diversity has proven to be strongly related to the availability of host plants, 

determinant factors for their presence or absence and both of which are limited at higher 

altitudes. Therefore, the study of wild bee diversity at various altitudes in the tropics could 

provide information on possible responses of bee species and communities to climate 

variations, important to estimate effects of climate change on an important ecosystem 

service such as pollination. Bees being ecologically important insects with close links to 

plants, high richness and abundance are well-suited as terrestrial habitat bioindicators. The 

group is sensitive to environmental disturbances relies upon local plant communities and 

comprises an assemblage of species with varying social structure, nesting guilds and other 

life history traits. Additionally, bees are likely more susceptible to negative effects of small 

effective population size. The life history traits determine the individual and community 

response to environmental changes.  

 

Records from the literature revealed a collector and seasonal bias, with greater effort 

applied around big cities or specific collecting locations and mainly in the wet season. A 
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preliminary checklist of bees of Angola was created and comprises 209 bee species from 47 

genera and five families, but a major proportion of the country’s area remains to be 

surveyed. A national inventory of Angolan bees is proposed, making use of standardized 

methods and sampling either one quarter degree cell or half degree cells, ideally in both dry 

and rainy seasons. 

 

Wild bee communities were sampled along an altitudinal gradient (760-1651 m.a.s.l) in the 

biodiversity rich and critically endangered Angolan escarpment. Pan traps, malaise traps and 

sweep netting were used at twelve sampling points, with an average of 70 m difference in 

altitude between points. Sweep netting proved to be the most efficient technique. Overall, 

845 individuals were collected, representing 51 identified species, 34 genera and five bee 

families. 

 

Contrary to the trends observed in other studies in the tropics, a consistent increase in bee 

diversity (carried out at genera level) with increasing altitude, from the lower altitude 

(H’=2,14) to the higher altitude of the gradient (H’=2,26) was found. In addition, community 

structure differed along the gradient, with distinctive communities in low elevation sites 

being dominated by Braunsapis, Ceratina, Hypotrigona and Anthidiellum, and high elevation 

sites the distinctive communities were dominated by Amegilla, Macrogalea, Patellapis and 

Xylocopa. This result might be consistent with findings from studies of other taxa that 

attribute to the Angolan escarpment an importance as a centre of endemism and speciation. 

The results from this study are possibly explained by a combination of factors where the 

exceptional geomorphology and landscape shape the (direct) influence of environmental 

variables such as temperature and precipitation on the vegetation communities along the 

gradient therefore (indirectly) affecting bee community assemblages, particularly for the 

more specialized bee genera and species. 

 

Limited research has been done on the variation of bee body size along altitudinal gradients, 

but the few studies that have been carried out indicate that future changes (warming) in 

climatic conditions will most probably alter bees body size (by reduction), consequently 

affecting their thermoregulatory capacity and, at a larger scale, the overall patterns of 

community assembly. Along the tropical altitudinal gradient of this study, bee body size was 
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found to increase with altitude by 58% (mean length at lower altitude = 5.06mm against 

mean = 7.99mm at higher altitude elevation sites) at the community level but also at the 

intra-specific level, with Macrogalea candida increasing 4% in size between the lower 

altitude and summit of the transect (mean length at lower altitude = 8.76mm against mean 

= 9.12mm at higher altitude elevation sites), suggesting that the fairly small temperature 

gradient along the transect was sufficient to select for body size – either directly, but more 

likely through multiple avenues, including indirect effects such as changes in rainfall, plant 

community composition and plant phenology. This result constitutes, to my best knowledge, 

the first demonstration of Bergmann’s rule applicability at different levels of biotic 

organization of bee communities in the tropical region. 

 

Effective conservation planning is highly dependent on robust, spatially explicit biodiversity 

data. The generation of comprehensive insect profiles through long term monitoring studies 

at the national level can identify areas with high species turnover and endemism – patterns 

that could be missed if only vertebrate data were considered. In under-developed countries 

like Angola, where a poorly documented but highly rich biodiversity is severely threatened 

by unregulated land use, and research is hampered by financial constraints and lack of 

human resources, the combined use of indicator taxa for both terrestrial (bees) and 

freshwater (Odonata) environments might be a reasonable surrogate for total biodiversity 

status assessments. The results from this study highlight the need for long term monitoring 

to efficiently assess bee diversity, especially in critically endangered landscapes where 

anthropogenic pressures are high.  
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CHAPTER 1. INTRODUCTION 
 
Ecosystem services are defined as services that contribute directly and indirectly to human 

well-being (Braat & de Groot, 2012). Pollination, as well as pest control and seed dispersal, 

are examples of ecosystem services produced by mobile organisms that forage within or 

between habitats (Lundberg, 2003). Flowering plant species pollinated by animals 

experience an increase in both the size and quality of crops, with bees proving to be the 

most important pollinators (Roubik, 2001). Therefore, it’s possible to ensure the 

conservation of habitats through the conservation of bee populations, ‘for if the bees 

disappear, reproduction of major elements of the flora may be severely limited’ (Michener, 

2007), consequently, herbivorous or seed-eating insects, birds and small mammals will be 

deprived of food and/or host plants, resulting in general loss of species diversity. 

 

Crop pollination by animals is for instance a highly valuable ecosystem service. Almost 90% 

of angiosperms require pollinators for their reproduction. It has been found that 87 of the 

115 leading global crops benefit significantly from pollinators, representing 35% of the 

global food production (Klein et al., 2007). Not just crop quality but also shelf life and 

commercial value are improved by bee pollination (Klatt et al., 2014). It has been found that 

crops are more effectively pollinated when visited by wild insects, doubling fruit sets when 

compared to the same amount of honey bee visitation (Garibaldi et al., 2013). Additionally, 

a high proportion (94%) of the wild flowering-plant communities in the tropics are 

dependent on wild pollinators (Ollerton et al., 2011). 

 

The decline in abundance and diversity of wild bees and abundance of honeybees due to 

changes in land use and agriculture has been well documented (Biesmeijer, 2006; Olroyd, 

2007; Potts, 2010). In order to react to pollinator limitations, farmers have introduced 

managed flower visitors (as e.g. Apis mellifera, honeybees) within crop fields. Despite their 

effectiveness as pollinator, reliance on a single managed pollinator species, whose numbers 

are falling sharply, has proved to be risky (Neumann & Carreck, 2010).  
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Distinctively, worldwide there are around 20,000 native wild bee species (Michener, 2007) 

and most contribute to the pollination of crops (e.g. Klein, 2003; Kremen, 2002; Klein, 2007; 

Greenleaf, 2006ab). These native bees biologically complement the honey bee service by 

enhancing the efficacy of pollination (Greenleaf, 2006b), consequently, conservation and 

restoration of the habitat used by these organisms offer alternative for reducing 

dependence on managed honey bees (Kremen, 2002; Rader et al., 2009; Rader et al., 2012). 

In addition, they also provide an alternative for the pollination scarcity, being therefore 

economically important (Winfree et al., 2009). It is clear that, when compensation is 

possible, it is dependent on the functional diversity of wild bee community as well as 

distribution of habitat and resources of the surrounding landscape. Subsequently, bee 

functional diversity increases the incidence of fruit and seed set in orchards (Martins et al., 

2015). 

 

Rapid human population growth generates an increase in global food demand (Godfray et 

al., 2010) posing major challenges for increasing crop yield. Concomitantly, natural habitat 

cover decreased (Hansen et al., 2010) and global stock of pollinators was altered reducing 

the capacity of ecosystem services to support human activity (Potts, 2010; Garibaldi et al., 

2011a).  

 

Although developing countries, like Angola, are still relatively rich in natural habitat, the 

economic growth is pressing the replacement of natural areas by agricultural landscapes, 

making them susceptible to pollination problems (Gemmil-Herren & Ochieng, 2008). As 

suggested by Keating et al. (2010), food security and sovereignty should increase directly in 

areas where hunger exists, based on robust and eco-efficient solutions for agriculture 

intensification, incorporating both natural biodiversity patterns and processes. Considering 

the above mentioned, the increase in production should be accompanied by well-informed 

regional and targeted solutions (Phalan et al., 2011), in order to link agricultural 

intensification with biodiversity conservation and hunger reduction. 

 

Given the broad ecological and agricultural importance of bees, a profile of the bee fauna of 

a region would serve as a foundation for subsequent studies or more specific studies, 

including those involving ecosystem services provided by bees in formal and informal 
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agricultural practices in Angola. As for most insect groups in Angola, there is little published 

information, and more intensive collecting, taxonomy and ecological work is required if we 

are to benefit maximally from the pollinator services supplied by the native bee fauna. 

 

1.1. GLOBAL BEE DIVERSITY  
 

Michener (1979) indicated that bee diversity and abundance was higher in warm temperate, 

xeric regions of the world, apparently an exception to the generalised latitudinal diversity 

gradient, where organisms and habitat types increase in richness toward the tropics 

(Hillebrand, 2004). His assessment was based on the taxonomic literature and he 

acknowledged that the result could be in part due to “factors other than genuine faunal 

differences” (Michener 1979), with factors such as incomplete taxonomy, and varying 

intensity of study of local bee faunas biasing the true patterns of regional biodiversity. 

According to his findings, particularly rich bee faunas are the Mediterranean basin eastward 

to central Asia, as well as the Madrean region of North America (Mediterranean climatic 

zones of California, Californian deserts northwest of the Sonoran region and northern 

Mexico – Chihuahua desert). He also acknowledged the diverse bee faunas of central Chile 

and Argentina, Australia and western parts of southern Africa. In spite of data limitation, 

Michener (1979) still considered the bee fauna of the African tropics to be richer than that 

of the Oriental tropics.  

 

A phylogeny and biogeographical assessment of the Osmiini in particular, indicates a 

Palaearctic origin for the osmiine bees, showing more diversity in the Old World. The barriers 

formed by deserts and Afrotropical zones may be reflected in the low dispersal between 

Palaearctic and sub-Saharan Africa (Praz et al., 2008). For the colletid bees, the expansion of 

Australia and South America arid biomes is coincident with higher diversification rates of 

these bees (Almeida et al., 2012). In South America this is because neotropical lineages 

associated with subtropical and temperate climates were separated on numerous occasions 

east and west of the Andes (Almeida et al., 2018). 

 

There are exceptions to the general pattern found by Michener with certain bee taxa - 

Nomiinae, Ctenoplectrini, Xylocopini, Tetrapediini, Centridini, Ericrocidini, Rhathymini, 
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Meliponini, Apini and Euglossini - having their greatest diversity in the tropics when 

compared to xeric warm temperate areas. These exceptions could be related to the fact that 

most of these groups nest in wood, cavities, termite nests or even line their cells with resin 

or wax being therefore less subject to damages provoked by moisture and fungi (Michener, 

1979). The Euglossini tribe, for instance, are distributed throughout the Neotropical region, 

where they are prominent pollinators (Ramirez et al., 2010). 

For four decades since Michener’s assessment, accumulating evidence for declines and 

losses of pollinators have been reported, raising concern over the sustainability of 

pollination services (Jennersten, 1988; Kearns et al., 1998; Cunningham, 2000; Biesmeijer et 

al, 2006; Kluser & Peduzzi, 2007; Tylianakis, 2013; Kerr et al, 2015). The evidence applies to 

both wild and domesticated pollinators, as well as to the plants relying upon them (Steffan-

Dewenter et al., 2005; Potts et al., 2010).  These declines appear to be driven by human 

activities (Brown & Paxton, 2009). Land-use intensification, climate change and the spread 

of alien species and diseases are the main anthropogenic pressures (Vanbergen & IPI, 2013). 

Evidence from non-organic farms indicate a reduced diversity and abundance of native bees 

(Kremen et al., 2002), while natural habitat areas in a given landscape increase stability of 

pollination services (Kremen et al., 2004; Koh et al., 2016). Additionally, the plant-pollinator 

interaction network has been degrading in the last century with consequent decline in 

pollination services provided and is estimated to be less resilient to future disturbances 

(Burkle et al., 2013). 

 

Given the importance of bees, including the non-Apis (Garibaldi et al., 2013) as major 

pollinators of crops and wild plants (Klein et al., 2007; Ollerton et al., 2011), several 

initiatives arose encouraging long-term monitoring of their diversity and abundance, which 

generated an upsurgence  in bee conservation studies (API et al., 2003; Environment 

Ministry, 1999). Consequently, the bee faunas of various regions were subject to more 

intensive research interest. An overall picture for bee diversity worldwide can be found in 

Figures 1.1 and 1.2, with countries containing the highest numbers in bee species covered 

in different green shades. 

 

Over the last few decades, Australia (Figure 1.1) increased their species list to 1,647, with 

approximately 100 of the bee species being or suspected to be oligolectic (Batley & 
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Hogendoorn, 2009). Studies suggest that Andrenidae and Melittidae, groups widely 

distributed globally, are absent from the Australian bee fauna, while the family Stenotritidae 

and subfamily Euryglossinae are endemic to that region, which also supports 

disproportionately high number of species of Colletidae.  In spite of this resurgence in bee 

taxonomy in Australia, there are still a large number of undescribed species (Batley & 

Hogendoorn, 2009).  

 

 
Figure 1.1 - Map representing the bee species richness in the African, Asian, European and Oceania continents. 
Legend indicates highest bee richness in different shades of green. Adapted from Discover Life 
(http://www.discoverlife.org/nh/cl/counts/Apoidea_species.html) 

 

In the Neotropics, Central and South America (Figure 1.2), studies in bee diversity and 

abundance have also recently been intensified. Altogether, the region holds 5,000 described 

species, it is estimated to have more than 15,000 (Freitas et al., 2009). The tribe Meliponini 

is extraordinarily rich in the region, inhabiting most of the tropical Americas, from Mexico 

to Argentina, and to Uruguay, spanning a wide altitudinal range (sea level to 4000m a.s.l.), 

with 33 valid genera and 391 species native to the region (Freitas et al., 2009). The bee fauna 

in Mexico represents one of the richest in the world and is estimated to have 1,800 species, 

in 144 genera and 8 families (four of the genera and eight subgenera being regional 

endemics). However, again the number of species may be underestimated since some parts 
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of the country have barely been surveyed. Brazil has 1,678 described bee species but more 

than 50% of the country’s territory, including the biomes of the Amazon rainforest and the 

tropical wetland of Pantanal remain relatively unsampled (Freitas et al., 2009).   

 

In the West-Palaearctic region, the profile of the European bee fauna (Figure 1.1) is the most 

robust globally, despite significant gaps in coverage, and sufficient to enable accurate 

analyses on diversity and distributional trends. A revision of the region revealed 2,065 

described species, distributed along a North-South positive linear gradient, with Finland 

having the lowest species richness (241 species) and Spain recording the highest (1,017 

species), albeit the latter likely to be an underestimation (Patiny et al., 2009). The knowledge 

on the bee fauna of the eastern part of the West-Palaearctic is fragmentary but it is assumed 

that Turkey, Iran and former Mesopotamia have the richest bee faunas (Figure 1.1). The 

limited number of studies done in the southern West-Palaeartic (Figure 1.1), Saharan area, 

suggest that the area between western Egypt and southeastern Tunisia has the lowest 

number of  species, with Maghreb and the Nile containing the highest levels of species 

richness, and with Morocco being a notable hotspot for apifauna richness (Patiny et al., 

2009). 

 
Figure 1.2 - Map representing the bee species richness in the American continent. Legend indicates highest 
bee richness in different shades of green. Adapted from Discover Life (http://www.discoverlife.org/nh/cl/counts/Apoidea_species.html). 
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As with many other parts of the world, the apifauna of African countries (Figure 1.1) is largely 

poorly-known. Where surveys exist, they are not evenly distributed geographically, tending 

to concentrate in particular regions, leaving a larger part of the continent unsurveyed. Data 

have been gathered for bee diversity in Southern (Kuhlmann, 2009) and East Africa, in 

natural habitats (Chiawo et al., 2017), as well as in areas of cultivated and wild crops (Karanja 

et al., 2010; Morimoto et al., 2004; Njoroge et al., 2004), but syntheses on patterns of 

diversity and abundance in major biomes is still scarce. The bee diversity in sub-Saharan 

Africa is considered intermediate when compared to other areas globally, since 6 of the 7 

bee families and 129 genera recognized by Michener (2007) occur in the region (Eardley, 

2002). The number of described species is approximately 2,600 (Eardley et al., 2009).  

 

1.2. BEE DIVERSITY IN AFRICA 
 

Generally, in Africa, socio-economic and cultural circumstances are immeasurably different 

from those in Europe or North America with limitations imposed on scientific endeavor. Data 

on African bee diversity are as scarce as are specialists for the different African regions 

(Eardley et al., 2009).  

 

Knowledge of the North African apifauna is fragmentary and mostly restricted to focus 

studies on a few species. Genetic studies have been done on honeybee (Apis mellifera 

sahariensis, A. m. intermissa, A. m. syriaca, A. m. lamarckii, A. m. ligustica, A. m. carnica) 

populations (Shaibi et al., 2009), as well as on the floral visitation patterns of bees in both 

agricultural (Bendifalla et al., 2013) and natural habitats (Louadi et al., 2007). The available 

information on diversity indicates highest species richness in the Mediterranean and Pre-

Saharan areas (Figure 1), showing an unusual latitudinal gradient where diversity decreases 

southwards.  

 

The bee diversity in the Eastern Mediterranean and Palearctic Middle East (Figure 1) is 

generally  well documented although still having large gaps in knowledge (Grace, 2010). 

Diversity hotspots were identified for the Moroccan and Tunisian parts of the Atlas 

mountains, Libya, the Nile and Jordan valleys and Oman hills (Patiny & Michez, 2007). From 

the single taxon studies, none showed a preference for harsh desert environments and 
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populations were instead concentrated in four main areas: 1) mountains extending within 

the Sahara and Arabic deserts – viz. Atlas Mountains, northwestern Libyan plateau and the 

western chains in Saudi Arabia and Yemen; 2) mountains dotting the central desert part of 

Sahara and Arabic deserts – Hoggar, Tibesti, and Tuwayq; 3) streams and river valleys – the 

Nile, the Jordan and others; 4) the coastal plains (Patiny & Michez, 2007; Patiny et al., 2009).  

 

Bee diversity in Eastern Africa (Figure 1.1) has been studied fairly well in certain countries. 

Kenyan bee faunas have been studied  in natural habitats, those with different levels of 

disturbance and on cultivated and wild crops (Chiawo et al., 2017; Gikungu, 2006; Gikungu 

et al., 2011). The agricultural studies highlighted that even though A. mellifera was the main 

bee pollinator, crops also benefited from the visits of other wild bees such as Xylocopa, 

halictid bees and Hypotrigona, and that bee diversity increased with the increase of wild 

plant floral resources (Karanja et al., 2010; Morimoto et al., 2004; Njoroge et al., 2004). In 

natural Kenyan landscapes, the dominant families were Apidae, Halictidae and 

Megachilidae, with Colletidae being scarce and sparsely distributed (Gikungu, 2006). 

Apifauna diversity was also found to vary seasonally in the eastern part of the continent. For 

rare species, long rains (March-May), dry season (December-February) and cold dry season 

(June-August) show similar levels of diversity while short dry season (September-October) 

had the lowest diversity (Gikungu et al., 2011). For common species, the short rainy season 

(October-December) had the lowest bee diversity. Also interesting to note is that specific 

habitats were important for bee diversity in particular seasons, while other habitats were 

more or less stable all year round (Chiawo et al., 2017; Gikungu et al., 2011). A recent study 

in Mount Kilimanjaro, Tanzania, revealed bee richness patterns to be shaped by 

temperature and resources availability, presenting a continuous decline of bee species 

richness with increasing altitude, as well as a decrease in bee-flower interactions at higher 

elevations hence constraining resource exploitation (Classen et al., 2015). 

 

Overall, the bee fauna of East Africa is still poorly-sampled, probably due to few bee 

taxonomists and undersampling, although Kenyan museums have fragmentary bee holdings 

collected by naturalists or ecologists while sampling other targeted insect groups (Gikungu, 

2006). Political unrest and infrastructural barriers in the Central region and the Horn of 

Africa have exacerbated the situation. 
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Bee research in Southern Africa (Figure 1.1) has intensified in the last two decades, 

fundamentally driven by and linked to pollination management interests. Most of the focus 

has been in South Africa, particularly in the Cape region  2004). The Honeybee races A. m. 

scutellata and A. m. capensis have been extensively studied in South Africa (Dietemann et 

al., 2006; Hepburn & Guye, 1993; Johannsmeier et al. 1997). A species catalogue by Eardley 

& Urban (2010) provide a comprehensive bibliography of non-Apis studies. The bee diversity 

of Southern Africa is reasonably rich as it holds six of the seven bee families recognized by 

Michener (2007). Apifauna endemism is considered high in southern Africa (Figure 1), with 

the greatest numbers of endemic species present in the winter rainfall areas in the west and 

early mid-summer rainfall areas in the east of the country. Of the 89 genera occurring in 

southern Africa, 11% are endemic and of the 174 subgenera in the region, 20% are endemic, 

with the majority of endemics belonging to Megachilidae (30% of genera and 54% of 

subgenera) and Melittidae (40% of genera and 26% of subgenera) (Kuhlmann, 2009). Bee 

diversity in southern Africa is remarkably high exhibiting about 50% (1,400) of all known 

Afrotropical bee species (Kuhlmann, 2009). The Cape Floral Kingdom, situated in semi-arid 

to arid environment winter rainfall biomes, represents both a center of bee diversity and a 

hotspot of plant diversity (Gess & Gess, 2014; Kuhlmann, 2009). Michener (1979) suggested 

that the diverse topography and climatic contrasts of South Africa might explain the high 

levels of diversity of the regional bee fauna. The biotic distinctiveness of the region is entirely 

corroborated by the results obtained from national atlases of different taxa (plants, birds, 

frogs, reptiles and butterflies; Colville et al., 2014).  

 

The genera with highest number of species are Lasioglossum and Megachile, although this 

number is not particularly high when compared to other biodiverse regions. This apparent 

low species diversity in southern Africa may be an artifact resulting from the disparity 

between the size of the region and the number of African bee taxonomists, suggesting the 

possible existence of a large number of undescribed species or even new genera (Eardley et 

al., 2009). The number of bee species is asymmetrically distributed among the families as 

Halictidae and Megachilidae are the most speciose, followed by Apidae and Colletidae, while 

Melittidae and Andrenidae are the least diverse (Kuhlmann, 2005; Kuhlmann, 2009).  
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A comprehensive study on South African bees revealed a clear association between climate 

(rainfall regime) and distribution patterns (Kuhlmann, 2009). The bee fauna was partitioned 

to species mainly restricted to either the winter rainfall parts (46,3% of species examined) 

or early to mid-summer rainfall (36,5% of species examined) with only a small number 

(18,9% of species examined) occupying the region with all year round rainfall (Gess & Gess, 

2014; Kuhlmann, 2009). There were exceptions e.g. the large carpenter bees (Xylocopa) 

were more closely distributed in relation to temperature and altitude,  with many species 

confined to the sub-tropical parts and decreasing diversity seen at higher latitudes (Eardley 

et al., 2009). 

 

The special climatic conditions, topography and geology of the landscape, and relative 

isolation of the island of Madagascar (Figure 1.1) makes this a unique case since 

approximately 90% of the 244 described bee species are endemic. The bee fauna in 

Madagascar is dominated by the families Halictidae (123 species) and Apidae (82 species) 

and nine of the 10 endemic genera belong to these families. The distributional patterns 

range from almost ubiquitous, to very restricted or even single locality collections (Eardley 

et al., 2009; Kuhlmann, 2009; Pauly et al., 2001).  

 

Taxonomic work on bees in west and central Africa (Figure 1.1) is limited, although these 

regions are considered important centers of biological diversity (Rodger et al., 2004). The 

absence of such data in these and many other African countries makes it difficult to 

undertake applied and pure pollination research in those areas, and there is a reliance of 

such work being carried out by foreign taxonomists  (Brown & Paxton, 2009). The African 

bee fauna is also highly important given the likelihood of bees having originated from the 

continent  (Danforth et al., 2006).  

 

The existing lack of basic knowledge on African pollination systems, particularly at 

community levels, limits interventions that   address  sustainable management of pollinators 

for both agriculture and conservation (Rodger et al., 2004). It is estimated that once Africa 

is comprehensively surveyed ‘the total number of bees in the Afrotropical region is likely to 

reach 3500-4000 species’ (Kuhlmann, 2009). 
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1.3. BEE DIVERSITY IN ANGOLA 
 

Angola (Figure 1.1) still constitutes a gap in the knowledge on insect biodiversity of Southern 

Africa (Kuedikuenda & Xavier, 2009). Typically, studies on bee diversity in the Afrotropical 

region or Southern Africa habitually omit Angola from the analyses due to the scarcity of 

information on the bee fauna of the region (Eardley et al., 2009; Kuhlmann, 2009).  

 

To understand the extent and tempo of bee research in Angola requires some consideration 

of both the history of the country and the prevailing socio-economic circumstances. 

Angola was a Portuguese overseas territory from the 16th century until its independence in 

1975. Scientific expeditions to Angola were coordinated and promoted by the Board of 

Geographical Missions and Colonial/Overseas Research (Junta das Missões Geográficas e de 

Investigações Coloniais do Ultramar, or JIU) and constituted ‘a way of assuring the success 

of the colonization process and the cost-effective exploitation of colonial resources, bringing 

obvious economic dividends for’ Portugal (Castelo, 2012). 

 

Specimens collected on the scientific expeditions were mainly sent to Portugal and can still 

be found in the leading collections, e.g. Institute for Tropical Sciences Research-IICT, in 

Lisbon, or the Museum at the Coimbra University, whilst some duplicates were left in 

Angolan collections. The collection in the Angolan Dundo Museum was entirely subsidized 

by Diamang - Companhia de Diamantes de Angola, a diamond exploration company founded 

in 1917 that installed a biological sciences laboratory within its headquarters, in the 1950’s 

(Ribeiro, 1973). Most of the research on Angolan bee fauna was devoted to beekeeping and 

conducted between the 1950’s and 1975. 

 

After the national independence in 1975, Angola was affected by a civil war lasting for 

twenty-seven years (1975-2002) with the associated military interference that 

compromised infrastructure and scientific research. Additionally, financial constraints 

during and post war also contributed to the fact that almost no accurate data are available 

from 1975 onwards, for all biological fields including entomology and bee fauna in particular. 

The need to document the diversity and abundance of bee fauna in Angola is therefore 
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urgent. Currently there is little published on the bee fauna of Angola, and certainly nothing 

on the composition and distribution patterns of the fauna. 

 

Of the four known natural history collections in Angola, three contained entomological 

specimens and were affected, directly or indirectly, by the armed conflict. The entomological 

collection formerly housed at the National Museum of Natural History (MNHN) in Luanda 

was completely destroyed, not by the war itself but by the lack of maintenance during and 

after the period of conflict (scientific director of MNHN, pers. comm., 2016). The collection 

housed at Dundo Regional Museum, Lunda Province, once considered one of the prime 

entomological collections within the Afrotropical region (Miller & Rogo, 2001), is still not 

accessible to the public or even to the scientific community and the preservation status of 

the collection remains unknown. The Agronomical Research Institute in Huambo, houses an 

entomological collection with ca 65,000 specimens, kept safe from military interference by 

the former Curatorial Assistant Francisco Elias (1951-present), now retired. Presently, the 

collection is housed at its original location, a colonial building without maintenance for the 

past 40 years, with no curator and a single untrained staff member responsible for 

preserving the specimens. Most of the Hymenoptera specimens in the collection, including 

bees, are not identified (Francisco Elias, pers. comm. 2016). This collection is currently being 

digitized under a BID-GBIF project entitled ‘Strengthening the institutional network in Angola 

to mobilize biodiversity data’ (Elizalde, 2018). 

 

Presently, the apifauna list for Angola includes 127 described species, from 37 genera and 4 

families, from 928 existing records in the Global Biodiversity Information Facility (GBIF) 

platform distributed geographically according to Figure 1.3.  

 



Page 21 of 131 

 
Figure 1.3 – Distribution of the collecting effort of Angolan bees’ species as indicated by number of records 
per half degree grid cell, according to the dataset downloaded from GBIF. The dataset aggregates records 
from seven different natural history collections around the world. Cells in white lack records.  

 

The vast majority (~ 78,3%) of the half degree cells holding records from bee species have a 

reduced (1-10) number of records. A smaller percentage of cells (13%) has up to fifty records 

and only a limited percentage (~ 9%) has more than fifty. The distributions of the available 

records reveal a strong collector bias, with higher sampling intensity around big cities such 

as Luanda, the capital. The collecting effort in the southwestern region of the country is 

better than that of the north-eastern area, but the distribution of records also clearly 

indicates a gap in knowledge on the strip in the east that extends to the southeast. The 

diversity of bee species in Angola will be further explored in chapter 2. 

 



Page 22 of 131 

1.4. THE EFFECTS OF ALTITUDINAL GRADIENTS ON BEES 

 

Altitudinal gradients have long been used by ecologists as ‘natural experiments for testing 

ecological and evolutionary responses of biota to geophysical influences’ (Körner, 2007). 

Factors such as climate zone, geographical region, area, net productivity and geometric 

constraints are known to influence spatial variation in species richness (Nogués-Bravo et al., 

2008). 

 

Biodiversity distribution along altitudinal gradients has been mainly characterized by three 

patterns: i) monotonic decline of biodiversity with altitude (declining); ii) a low plateau 

where species richness is high until the mid-altitudes before declining (low plateau); and iii) 

a unimodal distribution with a mid-elevational hump (midpeak) (Grytnes & MacCain, 2007). 

The difference in patterns is related to the sensitivity of the studies to effects of area, 

sampling regime, sampling effort (Rahbek, 1995) and scale (Rahbek, 2005). 

 

Insects, in particular, are strongly influenced along elevation gradients by environmental 

factors such as temperature, precipitation, wind turbulence, oxygen availability and 

radiation intensity (Hodkinson, 2005). The responses to changes can be direct, e.g. increased 

polymorphism in wing size, or indirectly mediated by interactions with other organisms, i.e. 

host plants, competitors, parasitoids or predators (Hodkinson, 2005). Depending on the 

biology of the species under consideration, the relationship between size and altitude can 

be positive or negative (Hodkinson, 2005). Because host plants also change along altitudinal 

gradients, insects’ food consumption, food conversion efficiency, growth rates, survival and 

fecundity will all adjust correspondingly (Hodkinson, 2005). Population densities of insects 

show different responses to altitude as they can increase, decline or show no trend along 

the gradient, depending on the species (Hodkinson, 2005).  

 

In temperate regions, studies have shown that altitudinal diversity patterns are season 

dependent. Moth species diversity decreased with increasing altitude in the Swiss Alps 

during spring and autumn, while in summer the diversity had a unimodal peak at mid-

elevations and even though temperature may play an important role in this pattern, no 

explanation was found for it (Beck et al., 2010). On the German Alps, Hoiss et al. (2012) 
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reported a linear decrease in bee species richness but increased phylogenetic community 

clustering with increasing elevation. The results from this study indicate that the proportion 

of social and ground-nesting species increase with increasing elevation in temperate 

regions, suggesting that community assembly at high altitude is influenced by environmental 

variables while competition processes may regulate the community structure at low 

altitudes (Hoiss et al., 2012). Pollinator communities in temperate zones have been 

observed to display a significant change with altitude as anthophilous flies dominate the 

pollination provision at high altitudes and butterflies and bees dominating at low altitudes, 

which results in restricted outbreeding for some plant species (Hodkinson, 2005). 

 

In tropical regions, where the influence of altitudinal gradients on diversity patterns have 

been well studied when compared to temperate zones, different patterns describing species 

richness along elevational gradients have been defined, including: a hump-shaped peak of 

species diversity at mid elevations caused by mid-domain effect, found in long term insect 

sampling studies (Brehm et al., 2007); and b) increasing species richness with increasing 

altitude, found for galling insects in Brazilian high-altitude grasslands (Coelho et al., 2017), 

parasitoid wasps in the neotropical region (Vejalainen et al., 2014) or bee species diversity 

in Indonesia (Widhiono et al., 2017). However, the most common pattern is a decline in 

plant and invertebrate species richness with increasing altitude, observed in eusocial wasps 

in Costa Rica (Kumar et al., 2007); in bee and wasp communities in a Brazilian tropical 

mountainous region (Perillo et al., 2017); or in natural and disturbed habitats in Mount 

Kilimanjaro (Classen et al., 2015). The following factors have all been considered as driving 

forces influencing a linear decline of species richness along elevation gradients: increasing 

rainfall (Devoto et al., 2005), competition between species (Hoiss et al., 2012), climate and 

habitat management (Hoiss et al., 2013), development time (Kocher et al., 2014), habitat 

preference and behaviour (Koski & Ashman, 2015), reduction in habitat area and resource 

diversity (Fernandes et al., 2016), temperature (Peters et al., 2016) as well as other physical 

phenomena as precipitation, water vapour pressure and wind speed (Perillo et al., 2017).  

 

Overall, temperature seems to be a main contributor for bee species richness and variation 

in life-history traits, both in temperate and tropical environments (Hoiss et al., 2012; Classen 

et al., 2015). Bees are expected to suffer strong selection pression at high altitudes due to 
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the cooler conditions, experiencing physiological changes in life-history traits such as body 

size or coloration in order to improve thermoregulation (Hoiss et al., 2012; Peters et al., 

2016). 

Due to its general interest, life-history traits along elevation gradients have been widely 

investigated within single taxa, such as the grasshoper Omocestus viridulus (Berner et al., 

2004) in Switzerland or the allodapine bee genus Exoneura (Cronin, 2001) in Australia,  but 

also at the community level, mainly investigating bees body size variation with altitude in 

temperate (Hoiss et al., 2012; Peters et al., 2016) and tropical zones (Schellenberger-Costa 

et al., 2017; Classen et al., 2017).  

 

Patterns in body size variation along elevational gradients, both inter- and intraspecific, are 

of great significance to evolutionary ecology and the most popular generalization is that 

body size of both endo- and ectothermic organisms increases with altitude (Hodkinson, 

2005), a variation of the well-known Bergmann’s rule that based on the concept that 

ectothermic organisms with larger body mass would lose smaller amounts of energy as their 

surface-to-body volume ratio was smaller (Brehm & Fiedler, 2004).  

 

Bergmann’s rule has been supported by research on birds and mammals, where the majority 

of the studied species increased in body size with increasing elevation (Meiri & Dayan, 2003), 

but failed to be demonstrated for freshwater fishes (Fu et al., 2004) and ambiguous results 

have been obtained for amphibians, which displayed patterns of both increasing (Liao & Lu, 

2012) and decreasing (Cvetkovic´et al., 2008) body size with elevation. 

 

Research on the variation of body size with altitude in insects, does not seem to follow a 

regular pattern among species belonging to the different insect orders. Coleoptera species 

have been shown to increase body size with increasing altitude (Smith et al., 2000; Chown 

& Klok, 2003) but also to decrease (Chown & Klok, 2003). Hymenoptera species present 

increase in body size with increasing elevation (Ruttner et al., 2000) but when investigated 

at the intraspecific level within communities showed a pattern of decreasing body size with 

increasing altitude (Classen et al., 2017). Evidence that Orthoptera species support 

Bergmann’s rule has been found (Rourke, 2000) as well as the opposite trend of declining 

body size with altitude (Bidau & Marti, 2007), to mention only a few. Moreover, other insect 
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species show no significant variation in body size along altitudinal gradients, such as some 

species of geometrid moths (Brehm & Fiedler, 2004) or Coleoptera species (Chown & Klok, 

2003). 

Overall, body size is considered a complex life-history trait and its variation seems to be 

determined by a range of factors, including temperature (Kingsolver & Huey, 2008), growth 

rate and the mass gained during the developmental period (Davidowitz et al., 2004). 

However, temperature (Angilletta et al., 2004) and seasonality of resource availability 

(Chown & Klok, 2003) seem to be the main drivers of this variation. Species with life-history 

traits of this level of flexibility are potentially sensitive to environmental disturbances, most 

probably leading to shifts in community composition or even species losses as a result of 

environmental change, affecting the functionality of the entire ecosystem (Petchey & 

Gaston, 2006). 

 

Limited research has been applied to the effects of body size and other ecological traits of 

bee responses to anthropogenic disturbance, but the limited literature reveals that body 

size inconsistently affects the way species react to environmental changes (Williams et al., 

2010).  In temperate zones, the response of bee body size to increasing altitude supports 

Bergman’s rule (Maad et al., 2013; Peters et al., 2016; Scriven et al., 2016). In tropical zones,   

the individuals body size variation has been reported to increase with increasing altitude 

while the overall body size within communities has been reported to decrease with 

increasing elevation (Classen et al., 2017), therefore the difference between single species 

and community patterns suggests that there is a suite of smaller species at higher elevations. 

 

Environmental variables associated with altitude, such as precipitation, have also been 

found to indirectly impact bee body size, particularly an augment with higher rainfall levels 

due to the increased food availability (Peruquetti, 2009). 
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1.5. BROAD AIMS AND OBJECTIVES 

 

The broad aims of this study are to i) consolidate the knowledge on Apoidea (Anthophila) 

diversity and distribution in Angola and 2) to examine the influence of a tropical altitudinal 

gradient (Bruco pass - Serra da Chela, Angola) on bee diversity and body size.  

 

The specific aims and objectives are: 

 

i. To provide a profile of bee diversity in Angola, using existing databases, and use this 

to map distribution and richness patterns. This will identify gaps in collector effort 

and will broadly define zones of high species richness (Chapter 2). 

ii. To examine bee species composition along a tropical altitudinal and rainfall gradient 

and test whether patterns of decreasing species richness and abundance with 

altitude as recorded for temperate regions are true of tropical gradients (Chapter 3). 

iii. To investigate whether bee body-size increases with altitude along a tropical 

altitudinal and rainfall gradient, as has been reported for temperate altitudinal 

gradients (Chapter 4). 

iv. To compare the apoidean diversity patterns of Angola with those of other African 

regions (Chapter 5). 

 

1.5.1. RESEARCH HYPOTHESES RELATING TO THE ALTITUDINAL AND FAINFALL 
GRADIENT STUDY 

 

1. There will be no clear relationship between bee species richness and altitude as 

environmental contrasts will be less pronounced at different altitudes. This 

hypothesis is in contrast to trends shown in studies done in temperate (Hoiss et al., 

2012) and tropical (Perillo et al., 2017) zones, where clear declines in species richness 

have been observed along altitudinal gradients. 

 

2. Bee body size will not show any variation with increasing altitude, particularly will 

not increase with increasing altitude. Similarly, this hypothesis contrasts with trends 

in temperate zones and tropical zones where positive relationships between bee 
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body size and altitude have been reported given altitudinal gradients in temperature, 

likely to be less pronounced in the gradient in this study (Peters et al., 2016; Classen 

et al., 2015). 

 

3. There will be changes in bee community composition along the tropical altitudinal 

gradient altitude as rainfall varies along the gradient, influencing the vegetation 

communities and therefore (indirectly) affecting bee community assemblages, 

particularly for the more specialized bee genera and species (Perillo et al., 2017; 

Classen et al., 2015, 2017). 

 



CHAPTER 2. BEE DIVERSITY IN ANGOLA  
 
2.1. INTRODUCTION 
 

The majority of angiosperms (87.5%) are pollinated by insects and other animals (Ollerton 

et al., 2011). Pollination by insects of both crops and wild plants is a life-support mechanism, 

providing vital human nutrition globally (Eilers et al., 2011) and sustaining biodiversity and 

ecosystem services (Ollerton et al., 2011). Among insects, bees (Hymenoptera: Anthophila) 

are the most specialized and essential pollinator group across most ecosystems, thus playing 

an important role in ecosystem function (Waser & Ollerton, 2006).  

 

Bees are a monophyletic group within the superfamily Apoidea with over 20,000 now 

described species worldwide belonging to seven recognised families: Apidae, Megachilidae, 

Andrenidae, Colletidae, Halictidae, Melittidae and Stenotritidae (Michener, 2007). This 

insect group is morphologically adapted to collect, manipulate, carry and store flowering 

plant products (Thorp, 2000), and some even specialize on particular host plants as a food 

resource, recognizing them by their unique flower scents (Milet-Pinheiro et al., 2013). 

 

Nearly all bee species rely on angiosperms products such as pollen and nectar to nourish 

adults and larvae (Nicolson, 2011; Scofield & Mattila, 2015). Nectar is the main source of 

carbohydrates, and pollen contains proteins, lipids and micronutrients essential for bee 

nutrition (Vaudo et al., 2015). Other highly specialized bee species use energy-rich floral oils 

as a substitute (or in addition) to nectar for their larval or adult nutrition and water-resistant 

cell lining (Buchmann, 1987). Floral perfumes and waxes of angiosperms are used by bees 

as sexual attractants (Weber et al., 2016) and resins are used to maintain the homeostasis 

of nest environment and reduce microbial growth (Simone-Finstrom & Spivak, 2010, 2012). 

 

Generally, the knowledge on African pollination biology is still very limited (Rodger et al., 

2004), as the continent is poorly surveyed and under-studied with most countries facing 

numerous barriers to research, including but not limited to lack of taxonomists, lack of 

infrastructure and political instability (Eardley et al., 2009).  



Page 29 of 131 

Most of the research conducted in Southern Africa has been extensively compiled into a 

species catalogue (Eardley et al., 2009; Eardley & Urban, 2010) and is predominantly 

dedicated to taxonomic revisions and a few descriptions of new species. A compilation of 

information on bee biology and how land use impacts their diversity was also produced for 

this region of the continent (Gess & Gess, 2014). Limited work on ecology and social biology 

of bees has been conducted in South Africa, both on fruit production (Carvalheiro et al. 

2010; 2012) and in crop production (Allsopp et al., 2008; Carvalheiro et al., 2011; Melin et 

al., 2014), with the focus on the Cape region. The studies in this region mainly conclude that 

fruit and crop productivity are enhanced by the co-existence of patches of natural habitat 

and floral diversity (Carvalheiro et al., 2011), contributing towards food security, as well as 

biodiversity conservation on the continent. The patterns of diversity, endemism and 

distribution have also been analysed, showing a pattern of highest species diversity 

occurring in the arid west, and in the relatively moist east extending to the winter rainfall 

region (Eardley, 1989; Kuhlmann, 2005; 2009). 

 

In the Malagasy region, Madagascar is considered a global conservation priority due to its 

extraordinary biodiversity and high level of endemism. The country faces high levels of 

deforestation and habitat fragmentation and the preservation of the endemic and 

ecologically important species is highly dependent on forest preservation (Goodman et al., 

2003). A comprehensive work on Madagascar’s Anthophila fauna, generated a checklist of 

244 bee species, with the description of 3 new genera and 62 new species (Pauly et al., 

2001). This work also concluded that the conservation of natural habitat, especially the 

humid forests and western dry forests, is essential to preserve the diversity of bees in this 

area of the continent (Pauly et al., 2001). 

 

In eastern Africa, studies on pollination, bee diversity and ecological aspects of their 

interaction with wild plants (Gikungu, 2006; Gikungu et al., 2011) and vegetables (Morimoto 

et al., 2004) have determined that applying strategic and holistic management to both 

natural forests and agro-ecosystems will contribute to biodiversity conservation and 

safeguard pollination services. 
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More recently, studies performed in the sub-Saharan drylands of west Africa reveal that 

insect pollination, especially bees, improve yield quantity and quality of economically 

important crops. These studies also conclude that habitat conservation is vital to protect 

bees, consequently assuring pollination services of fruit-trees and crops that are the basis 

of local livelihoods (Stein et al., 2017; Stout et al., 2018). 

 

The Republic of Angola, located in the south-western coast of the African continent, is the 

largest country in southern Africa with a total area of 1,246,700 km2, varying in elevation 

from 0 to 2620 m above sea level (Figure 2.1). 

 
Figure 2.1 - Representation of the digital elevation model for Angola. Data source: 
http://viewfinderpanoramas.org/Coverage%20map%20viewfinderpanoramas_org3.htm 

 
This southern African country includes a variety of climatic features corresponding to five 

climate types of the Koppen–Geiger system (Peel et al., 2007; Figure 2.2), ranging from 

tropical humid in the north to extremely arid in the south west. 

 

In terms of biogeographic units, 15 World Wildlife Fund (WWF) terrestrial ecoregions (Olson 

et al., 2001; Figure 2.3) are recognised in Angola, of which the most widespread is the 
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miombo woodlands occupying the Central Plateau and being replaced in the south by the 

next widespread unit, mopane woodlands (Colophospermum mopane and Baikiaea 

plurijuga). The north encompasses the Congolian forest savanna mosaics, scarp savannas 

and woodlands. The south-western coastal plain is characterised by Kaokoveld desert and 

Namibian dry savannah woodlands (Romeiras et al., 2014). The Angolan phytogeography 

chart by Grandvaux-Barbosa identified 32 vegetation units, from rainforests to desert 

(Grandvaux-Barbosa, 1970). 

 
Figure 2.2 – Representation of the Koppen-Geiger climate classification system overlaying on Angola’s 
borders. 

 

Angola falls almost entirely within the Zambezian region (Linder et al., 2012), with two 

exceptions: 1) In the north, where a transition scarp falls in the Congolian biogeographical 

unit (Shaba); and 2) in the south west and south, where transition edges fall into the 

Southern African unit (south western Angola and Kalahari, respectively) (Linder et al., 2012). 

 

Given that the Zambezian region is known for its high levels of species turnover (Linder et 

al., 2012) and Angola has an incredible diversity of habitats within its boundaries, the 

country is expected to be ‘one of the richest in species in Africa’ (Kipping et al., 2017). 

Despite the diversity of ecosystems and species richness in Angola, research in almost all 
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biological fields is scarce (Figueiredo et al., 2009; Kipping et al., 2017; Mills, 2010; Rodrigues 

et al., 2015; Romeiras et al., 2014). 

 

Figure 2.3 - Representation of the 15 recognized terrestrial ecoregions of Angola (adapted from Olson et al., 
2001). 

 

Until Angola’s national independence in 1975, scientific research in the country was mainly 

conducted by overseas researchers and resulted in the collection of thousands of biological 

specimens, some kept locally but most sent to Portugal and other European countries, e.g. 

France, United Kingdom, Switzerland and Germany (Crawford-Cabral & Mesquitela, 1989; 

Figueiredo et al., 2009). Existing collections such as those at Lisbon University, which 

inherited the specimens from Instituto de Investigação Científica Tropical (now defunct), the 

Natural History Museum in London, the Royal Botanic Gardens in Kew or the Muséum 

National d’Histoire Naturelle in Paris, to name only a few, are still rich in type material from 

Angola (Figueiredo et al., 2009). 

 

Broad-spectrum, natural history collections are reservoirs of baseline data on diversity, 

taxonomy and historical distributions of species. Integrated with spatial records, historical 

data can inform aspects of ecological and evolutionary theory, be applied to conservation, 
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determine early records of invasive species or even harbour information on species that 

have become locally extinct (Graham et al., 2004; Hoeksema et al., 2011). Even though 

biological collections from that historical period were mostly arbitrary and opportunistic, 

they constitute a suitable source of information on species distribution or information on 

variation of individuals attributes to environmental variables (Pyke & Ehrlich, 2010). 

 

The Angolan National Independence War (1961-1975), a revolution against Portuguese 

colonisers, that was immediately followed by the Angolan Civil War (1975-2002), a power 

struggle between the three main liberation movements (Guimarães, 1992), resulted in the 

exodus of researchers and destruction of facilities, obstructing field work and the study of 

local collections (Figueiredo et al., 2009). The lack of researchers including taxonomists, as 

well as access to historical collections and infrastructure contributed for a generalised gap 

of biological research in Angola for over a period of more than forty years.  

 

The diversity of the bee fauna in Angola is reviewed in this chapter with the main goals being: 

1) to review and compile in a digital format the data on bees’ (Anthophila) species 

distribution for Angola, as extracted from the literature 2) to review and compile in a digital 

format the information on bee diversity present in historical collections 3) to use the full 

data set to identify spatial gaps in knowledge. 

 

2.2. METHODOLOGY 

 

2.2.1 Geographical framework 
 

The present work deals with the area of the Republic of Angola, located in the south west 

coast of the African continent. 

 

2.2.2 Literature review on bees (Anthophila) diversity and distribution in Angola 

 

An extensive survey on potential sources of biogeographical data for bees in Angola was 

undertaken, using online libraries of peer-reviewed journals as a starting point. Additionally, 

all physically available publications from Junta de Investigações do Ultramar, an organization 
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created in 1963 to support research in the Portuguese colonies, were consulted. The process 

involved filtering journals with relevant information for this study present at Angolan 

libraries and collecting records from each publication. Some of these publications are also 

available on the data portal Memórias de África e do Oriente, a project of Fundação Portugal-

África developed and maintained by University of Aveiro – Portugal and Centro de Estudos 

sobre África e do Desenvolvimento, since 1997 (http://memoria-africa.ua.pt). 

 

Another valuable source of information for the bibliographic survey were the publications 

from Diamang – Companhia de Diamantes de Angola, a diamond corporation occupying a 

total area of 52,000 km2, that promoted the scientific knowledge on all biological fields, 

situated in the northeast of the country, currently Provinces of Lunda north and south 

(Ribeiro, 1973).  

 

The publications from both Junta de Investigações do Ultramar and Diamang are the main 

sources of information on the research performed in Angola before the national 

independence in 1975. 

 

Supplementary sources of information for bee species records for the country, or with 

accurate point locality data, were online projects such as WaspWeb (www.waspweb.org), 

Discover Life (www.discoverlife.org), Atlas Hymenoptera (www.atlashymenoptera.net), the 

collection from the Smithsonian National Museum of Natural History 

(http://collections.nmnh.si.edu) and Global Biodiversity Information Facility (www.gbif.org), 

under the following search parameters: Country: Angola| Basis of record: preserved 

specimen + unknown| Scientific name: Animalia + Arthropoda + Insecta + Hymenoptera + 

Apidae + Megachilidae + Halictidae + Andrenidae + Anthophoridae + Colletidae. 

 

In order to avoid duplication of data (hence statistical independence of data points), all data 

available at the different data providers (collections) websites were cross-checked with the 

data downloaded through GBIF. The database SouthABees – ‘Southern African Bee Data 

Base’ (Huber et al., 2005) was still not available during the timeframe of this work. 
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Scope of data retrieved from literature: 

• Area: only records from locations within Angola’s borders were included; 

• Time period:  the bibliographic review included all available literature from 

the colonial period until the present. 

• Data validation procedures: The taxonomic names mainly follow the 

nomenclature in Eardley et al. (2010). All original names in sources were 

checked and cleaned when necessary. Species were classified as invalid if 

their identity could not be established, or if their validity was questionable 

(nomen dubium); 

• Location validity: Individual records in the literature were checked, as to 

whether the original location was within Angola’s borders, using old locality 

lists and maps. The gazetteers from Crawford-Cabral & Mesquitela (1989) 

and Mendes et al. (2013) were especially useful for validating the 

geographical information; 

• Record validity: There was no exact way to check for the validity of the 

records. Being a literature review, it is assumed to have a wide range of 

different quality data and there was no reason to doubt the precision and 

validity of the records. 

 

2.2.3 Natural History Collections: a revision of the information on bee diversity 

 
From the three Angolan natural history collections containing entomological specimens 

referenced in Chapter 1, unfortunately only two were able to keep the specimens safe from 

military interference or armed conflict damage.  

 

The efforts of Mr. Franscisco Elias, curatorial assistant at the Agronomic Research Institute 

(IIA) in Huambo, and Dr. Esteves da Costa Afonso, curator of the biological collections at the 

Dundo Regional Museum in Lunda Province, to maintain the collections for all these years 

and against all odds (Franscisco Elias and Esteves Afonso, pers. comm. 2017) are invaluable. 

During the timeframe of this work, I was only allowed to work with the collection in IIA – 

Huambo.  
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Existing bees collections held in Portugal with specimens from Angola, presently belonging 

to Lisbon and Coimbra Universities, have yet not been studied or digitised (Luis Mendes and 

António Gouveia, respectively, pers. comm. 2017), and for that reason there is no 

information available from these sources. 

The two most representative entomological collections in Europe, from the Natural History 

Museum of London (NHML) and the Muséum National d’Histoire Naturelle in Paris 

(MNHNP), are still not entirely digitized. The entomology collections of NHML hold 34 million 

insects and arachnids of which only about 4% (1,333,982) have been digitized and are 

available online. None of the digitized records belonged to bees (Natural History Museum, 

2018). The Hymenoptera collection in the Muséum National d’Histoire Naturelle in Paris, 

that holds about 1 million specimens of which 210,000 (21%) are bees (Anthophila), is still 

not fully digitized but in the Afrotropical zone the main geographic area represented is 

Madagascar (Guiraud & Chagnoux, 2018). 

 

2.2.4 Statistical and Spatial Analysis: Identification of the gaps in knowledge 

 

All locality data with point source records found in the bibliographic revision were mapped 

to assess patterns of collecting effort and generic richness of bees (Anthophila) in Angola.  

The completeness metrics were computed using EstimateS (Colwell, 2013; version MAC 

9.1.0) and included: the number of records per grid cell, the Abundance-based Coverage 

Estimator (ACE), the CHAO1 completeness index (Gotelli & Chao, 2013), and generic 

accumulation curve for each grid cell. The generic accumulation curve derived by EstimateS 

is based on an average of a series of 100 randomizations of the genera by grid data matrix, 

sampling with replacement, at each level of abundance and typically starts rising rapidly, 

representing the observation of common species, and continues rising slowly requiring more 

sampling to detect all rare species (Colwell, 2013; Gotelli & Chao, 2013). This randomization 

allows for the independence of the generic accumulation curve from the order in which the 

records were added to the analysis. 

 

The availability of biodiversity data mainly through open-access databases is essential for 

research and conservation, but its effectiveness is highly dependent on survey completeness 

(Troia & McManamay, 2017). Following Coddington et al. (2009), a grid cell was considered 
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as ‘well-surveyed ‘when containing ³ 10 occurrence records and if completeness was higher 

than 75%; completeness was calculated by dividing the number of records by the estimator 

ACE, per grid cell, following the equation: 

!"#$%&	()*+,%-%.%// = 1 !)2/%#$%3!%/-4*5-%36 7100 

 

To identify the gaps in knowledge, all occurrence records and survey completeness were 

mapped using QGIS version 3.4.2, and a grid of half-degree cells was superimposed onto the 

polygon of the country with the limits of provinces clearly marked. 

 

2.3. RESULTS & DISCUSSION 

 
2.3.1 Preliminary checklist of bee species for Angola 
 
The zoological expeditions to Angola that enriched natural history collections all over the 

world, date back to the 18th century, starting in 1784 and proceeding for almost 200 years, 

until 1974 (Crawford-Cabral & Mesquitela, 1989). The available literature from these 

expeditions reveal that researchers were focused in collecting specimens from the following 

fields of research: botany, mammalogy, ornithology and herpetology. For other insect 

groups (e.g. Odonata), research began in 1928 on the first expedition led by Albert Monard, 

a swiss zoologist curator at the Natural Museum of La-Chaux-de-Fonds. Following the 

tendency, Monard mainly collected vertebrates and plants on his two expeditions to Angola, 

but because of his broad interest in nature he also collected (at least) some Odonata 

specimens (Kipping et al., 2017). Only the Tring Museum Expedition in 1934 was led by an 

entomologist, Karl Jordan, and even though mainly vertebrates were collected (Crawford-

Cabral & Mesquitela, 1989), given his research interest, it would be expected that he 

collected Angolan entomological specimens and that these would be held in this British 

museum. The Tring Museum is part of the Natural History Museum of London and its 

collection from Angola still remains to be digitized. 

 

The bulk of Angolan research on bees during the colonial period was dedicated to 

beekeeping and started in the 1950’s. Most of these publications are not available in 

Angolan libraries, but should be available at the National Documentation Centre, located in 
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the capital, Luanda.  Also, copies of these are expected to be found, at least, on libraries in 

Portugal such as the one from the former IICT. A complete list of the publications that could 

not be physically located in the visited libraries in Angola is presented on Appendix I. 

 

In this period of the history, Angolan beekeeping seemed to be based on three sub-species 

of Apis mellifera: Apis mellifera adansonii Latreille, Apis mellifera unicolor Latreille and Apis 

mellifera intermissa Butt-Reep. Stingless bees were also found as a potential source of honey 

with many advantages, especially their harmless nature. In the 1950’s three species were 

used in Angola for cultures: Meliponula bocandei Spinola, Meliponula togoensis Stadelman 

and Trigona (Hypotrigona) gribodoi Magretti. Additionally, Cleptotrigona cubiceps Friese 

was being studied in culture because even though it had no value as honey producer, it was 

thought to be a robber bee of Trigona (Hypotrigona) gribodoi (de Portugal Araújo, 1957).  

 

Other research topics studied in that period were related to sources of honey and native 

methods of beekeeping (de Portugal Araújo, 1955), methods of processing honey and its 

products, as well as characteristics of the African bee and its enemies (e.g. the honey-guide 

Indicator indicator) (Rosário-Nunes & Tordo, 1960).  

 

Generally, the traditional bee-keeping methods used by local people were described as 

somewhat primitive as they collected the hives from holes in trees through the use of fire 

that destroyed the bee colony and the hives. The ‘quiocos’, a Portuguese word for côkwe 

(the côkwe ethnicity occupies all northeast Angola and a large strip on the east that extends 

to the south), were the only exception as they maintained their hives to ensure the 

continuity of the swarm exploitation (Rosário-Nunes & Tordo, 1960). References also 

mention that even though the honey was sometimes offered for sale as a food product, the 

methods used in its preparation and the resulting low level of purity, made it unattractive 

to European consumers. Local people would mostly consume the honey in fermented drinks 

(known locality as ‘Hidromel’, or in some areas as ‘bingundo’) and very rarely as food.  

 

From 1957 onwards, several campaigns were undertaken by Portuguese beekeeping 

specialists, aiming to provide technical guidance to the indigenous people in order to 

improve their production skills and the quality of the final product. Numerous apiary 
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outposts were constructed in the country using mobile hives. This project proved to be a 

challenge as, despite all the training, local people chose to keep using the traditional 

methods that involved tree barking to produce wood hives, which destroyed approximately 

a million adult trees per year, and the use of fire to collect the honey (Rosário-Nunes & 

Tordo, 1960). This inefficient and environmentally harmful methodology is still used today 

(Figure 2.4). 

 

 
Figure 2.4 - Traditional wood hive found in Luando Natural Integral Reserve, Angola, August 2018. 

 

Contrasting with the poor quality of the honey, the wax produced in Angola was highly 

sought after in international markets, and, therefore of economic importance. Minister Sá 

da Bandeira from the Huíla Province, in 1858, ordered improvements in the preparation of 

this product which led to the creation of the decree Portaria nº 2267, of 1937, containing 

guidelines of best practices to produce exceedingly valuable wax (Rosário-Nunes & Tordo, 

1960).   

 

In summary, although the honey itself as a product was not very valuable, its by-products 

were, and so the colonial government had an interest in promoting research mainly related 

to beekeeping. 
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2.3.2 Results from online biodiversity databases and Angolan natural history collections 
 
Prior to the present revision, only 127 bee species were known from Angola (Ascher & 

Pickering, 2018) and the present work added 82 species to the country’s checklist, increasing 

it by 64.6%. 

All available literature on Angolan bee diversity, as well as online data organizers, were 

reviewed resulting in a preliminary checklist of 186 bee species recorded for the country, 

from 41 genera and 5 families as summarized in Table 2.1. This study allowed the addition 

of 23 species and 6 genera to this list (see chapter 3), elevating the national total to 209 

species, 47 genera belonging to 5 families. The preliminary checklist of bees of Angola with 

information on sources is presented in Appendix II. 

 

Table 2.1 – Summary of the number of bee species records from Angola found in literature and online data 
sources, aggregated per genera and family 

 
Family 

 
Genera 

Number 
of 
species 
per 
genus 

 
 
Family 

 
Genera 

Number 
of 
species 
per 
genus 

Andrenidae Melliturga 2  Halictidae Cellariella 2 
 Meliturgula 1   Ceylalictus 2 
     Halictus 1 
Apidae Allodape 2   Lasioglossum 2 
 Amegilla 16   Lipotriches 8 

 Anthophora 7   Nomia 3 
 Apis 1   Pseudapis 5 
 Braunsapis 13   Seladonia 4 

 Ceratina 7   Sphecodes - 

 Cleptotrigona 1   Thrinchostoma 3 
 Dactylurina 1     
 Hypotrigona 3  Megachilidae Afranthidium 1 
 Liotrigona 2   Anthidiellum 1 

 Macrogalea 1   Anthidium 1 
 Meliponula 3   Coelioxys 3 

 Pasites 1   Euaspis 1 

 Tetralonia 3   Heriades 2 

 Tetraloniella 1   Megachile 43 

 Thyreus 7   Noteriades 1 

 Xylocopa 23   Pachyanthidium 2 

     Pseudoanthidium 1 
Colletidae Colletes -   Sterapista 1 
 Hylaeus 2   Trachusa 1 
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For the compilation of the preliminary checklist presented on Appendix II, the peer-reviewed 

Catalogue of Afrotropical Bees (Eardley & Urban, 2010) was used as dependable baseline 

and then supplemented with records from biological databases. Data aggregated on non-

quality controlled databases (such as GBIF) is of variable completeness and precision, 

therefore needs filtering and post processing (Sikes et al., 2016). The data were vetted 

against current taxonomy and localities verified. 

 

Although insects represent a high percentage (ca. 75%) of species and specimens from 

museum collections, there has been relatively little effort made in digitizing this vast amount 

of data. In fact, in 2016 only 7% of the occurrence data available through the data organizer 

GBIF was entomological in nature (Sikes et al., 2016).  

The different data providers (natural history collections) consulted for this revision share 

their data through GBIF and for that reason this platform was the main source of information 

with point source records. After applying the relevant filters mentioned in the methodology 

section, 928 unique records were obtained. These records were aggregated from seven 

different data providers, the Snow Entomological Museum Collection from the University of 

Kansas being the biggest contributor (SEMC, 773 records).  

Following the best practices of citing data obtained from data aggregators (Sikes et al., 2016) 

and in order to acknowledge the data providers for their contribution to science, the links 

(DOI) for the data downloaded from GBIF are indicated in Table 2.2. 

 

Table 2.2 – Links DOI for the data downloaded through GBIF from different natural history collections.  

Data downloaded per bee family Link DOI 

Apidae https://doi.org/10.15468/dl.q6wtpe 

Megachilidae https://doi.org/10.15468/dl.dfkhan 

Halictidae https://doi.org/10.15468/dl.qihkka 

Andrenidae https://doi.org/10.15468/dl.gmtg8a 

Anthophoridae https://doi.org/10.15468/dl.aij4t7 

Colletidae https://doi.org/10.15468/dl.5kpjjy 
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The importance of access to collection-based archives of biological data cannot be 

overemphasized (Krishtalka & Humphrey, 2000) and Angola is presently making efforts in 

using information technology to provide electronic access to its vouchered biotic 

information through a project named “Strengthening the institutional network in Angola to 

mobilize biodiversity data”, funded by the European Union through a Biodiversity 

Information for Development (BID) grant from GBIF (Elizalde, 2018). The author of this 

dissertation is one of the coordinators of this project. 

 

Starting in July 2016, the project has collaborated with national institutions promoting the 

mobilization of biodiversity data through awareness actions, digitization of natural history 

collections, management and curation of recently obtained biodiversity data and several 

specific training workshops. As of November 2018, almost 11,000 records were digitized, 

georeferenced and published in the GBIF portal and about 40,000 are at the final stages of 

the quality control process to be published until the end of February 2019. During the 

project, more than twenty personnel from the different institutions benefited from several 

training sessions in digitizing collections, data sharing and georeferencing. 

 

One of the project’s main partner is the Agronomic Research Institute (IIA) in Huambo, a 

public institution since 1961, under the Ministry of Agriculture, devoted to research, 

technological development and innovation (Deputy-director, pers. comm. 2017). The IIA 

holds at its headquarters an herbarium and entomological collections, of national and 

international interest, mainly dating back to the colonial period and the first post-

independence years. The herbarium with more than 40,000 specimens, is recognised as 

having high importance because it hosts duplicates of the Gossweiler collections, and also 

hosts duplicates of the holotypes (now isotypes) from Antunes and Dekindt, that were 

destroyed in the Berlin Herbarium during World War II (Figueiredo et al., 2009). The 

entomology collections were initiated by Passos de Carvalho with agricultural purposes 

(representing pests and pollinators) but rapidly turned into a general entomology collection 

(Figure 2.5) with an estimation of more than 60,000 specimens, with valuable collections of 

Lepidoptera (about 15,000 specimens) and Orthoptera (about 10,000 specimens).  
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The best represented orders in the collection are Coleoptera (about 20,000 specimens), 

With the exception of Lepidoptera and Odonata, that were determined by the prominent 

entomologist Elliot Charles Gordon Pinhey, most specimens in the collection are either not 

identified or identified only up to family or genera level. 

 

 

 

 

 

 

 

 

 

 

The Hymenoptera collection is composed of an estimated 6,000 specimens including wasps, 

ants and bees. The bees (Anthophila) collection held at IIA-Huambo has 1,436 specimens of 

which 396 are identified to species level, being mostly duplicates of six species: Xylocopa 

caffra; X. flavorufa (Figure 2.6); X. combusta; X. inconstans; X. olivacea and Apis mellifera.  

 
Figure 2.6 - Image of the box nº 60 from the Agronomic Research Institute entomological collection with 
specimens of Xylocopa flavorufa De Geer 

 
During the time frame of this work, I identified the remaining 1,040 specimens of the bees 

(Anthophila) collection to generic and subgeneric level following Michener (2007). All 1,436 

records were digitized, georeferenced and the pinned insects were photographed in the 

boxes. By March 2019, these records will be publicly available online at the GBIF data portal, 

Figure 2.3 - Left: a detail of the collection room in the Agronomic Research Institute (IIA) in Huambo; Right: The 
institute has limited resources and the student improvised to take pictures of the pinned insects. 
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increasing the data on bees (Anthophila) from Angola currently available at this global 

platform by 154,7%. 

 

2.3.3 Distribution patterns of Angolan bees 
 

The large size of Angola, its diversity in habitat types and the halt in research caused by the 

armed conflict that lasted for almost three decades, are all factors contributing to the poor 

knowledge on the country’s biodiversity, which is one of the least known in the African 

continent (Ceríaco et al., 2014). Additionally, there seems to be a pattern of lack of collecting 

effort in the east of the country which is also true for other fields of biological research 

(Clausnitzer et al., 2012; Taylor et al., 2018). 

 

Mapping the 928 unique records downloaded from the GBIF data portal resulted in a 

distribution of collecting effort that not unexpectedly revealed a collector bias around big 

cities, such as Luanda that holds 311 records of bee specimens (Figure 2.7). The collecting 

effort in the southwestern region of the country is better than that of the north-eastern 

area, but the distribution of records also clearly indicates a gap in knowledge on the strip in 

the east that extends to the southeast. The vast majority (~ 78,3%) of the half degree cells 

holding records from bee species have a reduced (1-10) number of records. A smaller 

percentage of cells (13%) has up to fifty records and only a limited percentage (~ 9%) has 

more than fifty. 

 

The representation of the 1,436 specimens of bee species digitized from the Agronomic 

Research Institute collection in the Angolan polygon, also revealed a collector bias in the 

distribution of the collecting effort. The institute is composed of several experimental 

stations distributed through the country and the cells holding the higher number of records 

are coincident with the location of those stations. The institute headquarters in Huambo 

had the highest collecting effort with 522 records (Figure 2.8). Some records are also 

coincident with the main roads in the country, possibly indicating that collections were made 

when collectors moved between the experimental stations.  
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Figure 2.7 - Distribution of the collecting effort of Angolan bees species as indicated by number of records per 
half degree grid cell, according to the dataset downloaded from GBIF. The dataset aggregates records from 
seven different natural history collections around the world. Cells in white lack records.  

 

Following the pattern, the entire eastern region and the north of the country are 

underrepresented in this natural history collection. The collection effort represents the 

number of specimens from each half degree grid cell as the collection is mostly identified to 

genera level. 

 
The entomological collection from IIA will be uploaded to the GBIF platform soon and, for 

that reason, a combination of all records above mentioned will be available on bees 

(Anthophila) from Angola in the near future. 

 

The combination of data clearly shows collector bias around big cities and specific locations, 

such as the agronomic experimental stations. The eastern half of the country is largely 
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undersampled and the north western tip of the country seems never to have been surveyed 

(Figure 2.9). 

 

 
Figure 2.8 – Distribution of the collecting effort of Angolan bees as indicated by number of records per half 
degree grid cell, according to the digitization of the entomological collection from the Agronomic Research 
Institute in Huambo (IIA). Cells in white lack records. 

 

It is important to note that of the 2,364 records, the vast majority (1,303; 55%) were 

collected between 1970 and 1975 by the researchers working for the Agronomic Research 

Institute. Before (and after) this period, only one other large collection (516 records; 21,8%) 

was registered in 1957. This collection is entirely housed at the Snow Entomological 

Museum Collection and its main collector was Virgilio de Portugal Brito Araújo, considered 

the Portuguese master of bees, who worked as a beekeeping technician for the Angolan 

Agriculture and Forestry until 1961 (Kerr, 1984). Given the similarity of collection sites, it is 

possible that Portugal Araújo partially joined the 1957 Gerd Heinrich Expedition, the second 
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expedition lead by this German explorer in Angola from where zoological specimens were 

sent to the Peabody Museum (Crawford-Cabral & Mesquitela, 1989). 

 

Since the Huambo’s bee collection, that represents 60,7% of the data considered in this 

revision, was mainly identified to genera level, the geographical pattern of distribution was 

analyzed at this taxonomic level. As expected, the geographic pattern of genera richness 

followed the same pattern of the collection effort, being highest around big cities or the 

experimental stations location, with the highest number of different genera (23) recorded 

from the Huambo cell (Figure 2.10). 

 
Figure 2.9 – Distribution of the collecting effort of Angolan bees as indicated by number of records per half 
degree grid cell, according to the GBIF dataset and the entomological collection from the Agronomic Research 
Institute in Huambo (IIA). Cells in white lack records. 

 

The vast majority (~ 77,6%) of the half degree cells holding records have a reduced (< 5) 

number of different bee genera. A smaller percentage of cells (~ 13%) has up to ten different 



Page 48 of 131 

genera and only a limited percentage (~ 8%) has up to seventeen. Only a single cell presents 

a higher generic richness (23). 

 

However, merely counting the number of genera in a sample will return a biased 

underestimate of the true number of genera as the number of observed genera will 

inevitably increase with increasing collection effort (Gotelli & Chao, 2013). This effect is best 

illustrated in a generic accumulation curve, where the number of collected individuals is 

plotted against the number of observed genera.  

 

Figure 2.10 – Genera richness of Angolan bees as indicated by number of unique genera per half degree grid 
cell. Cells in white lack records. 

 

Some of the results of the metrics computed using EstimateS for the different half degree 

grid cells presenting survey completeness ³ 75% are summarized in Table 2.3 (grid cells 

named according to its location in the country).  
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The result for the Huambo grid cell was left in the table, even though survey completeness 

was only 55%, in order to exemplify the biased underestimation resulting from merely 

counting the number of records. The Huambo grid cell presents the highest number of 

collected specimens (523) and genera (22) but its survey completeness was calculated in 

55%, while for the Luanda 2 grid cell holding 311 collected specimens and a richness of only 

6 genera the survey completeness was calculated as 100%. As can be observed by the 

comparation of the generic accumulation curve for these two grid cells (Figure 2.11), the 

Huambo grid cell is highly undersampled.  

 

Table 2.3 - Summary of the results from the computation of completeness metrics using EstimateS (Colwell, 
2013) for some of the half-degree grid cells in Angola holding records of collected bee specimens  

GRID-CELL 
NAME 

NUMBER 
OF 

SPECIMENS 
COLLECTED S MEAN ACE MEAN CHAO 1 MEAN 

COMPLETENESS 
ACE 

COMPLETENESS 
CHAO 1 

NAMIBE 114 12 13,98 15,96 86% 75% 

CARACULO 11 7 7,55 8,02 93% 87% 

LUANDA 1 208 9 10,49 13,48 86% 67% 

SERRA DA 
CHELA 

103 14 17,71 19,94 79% 70% 

LUANDA 2 311 6 6 6 100% 100% 

BENGUELA 208 16 18,49 20,15 87% 79% 

CELES 104 9 10,49 13,46 86% 67% 

MATALA 58 7 8,47 11,42 83% 61% 

ONDJIVA 150 10 10,99 12,24 91% 82% 

HUAMBO 523 22 39,97 62,42 55% 35% 

MALANJE 57 13 17,91 25,28 73% 51% 

CUITO 48 7 8,47 11,41 83% 61% 

 

The geographical distribution of the surveyed grid cells in Angola with reliable inventories of 

bee genera are represented in Figure 2.12, where the well-surveyed grid cells are 

highlighted. 

 

It is important to take into consideration that richness estimators have a limited 

performance on samples that are not close to completeness (Gotelli & Colwell, 2001), which 

is usually the case for terrestrial arthropods in the tropical zones where greater sampling 

efforts are necessary to capture rare species (Novotny´ & Basset, 2000). Therefore, it is 
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expected that generic richness is underestimated, also due to the non-random nature of 

sampling present in museum specimens (Petersen & Meier, 2003). 

 
Figure 2.11 – Genera accumulation curve for bee specimens recorded for the Luanda 2 and Huambo half-
degree grid cells. Analyses using CHAO 1 and ACE estimates. 

 

 

Figure 2.12 – Geographical distribution of the surveyed grid-cells with reliable inventories for bees 
(Hymenoptera: Anthophila) in Angola. The well-surveyed grid-cells are defined as those with completeness 
values ³75% of the value predicted by the estimator (see text above). The map depicts the results for half-
degree cell resolution, which corresponds approximately to UTM cells of 25,000km2. 
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From the aggregation of data, as represented in Figure 2.13, it is also clear that December 

holds the highest number of collections (532; 25%), attributable either to genuine seasonal 

abundance fluctuations or bias in seasonal collector effort. 

 

To my knowledge, this work is the first contribution to profiling the bee fauna of Angola 

since the independence of the country, more than forty years ago. The aims of this chapter 

were to address the knowledge gaps on bees (Anthophila) of Angola, and to integrate all 

readily available data to provide a foundation profile for this fauna. 

 
Figure 2.13 - Graphic representation of Angolan bee specimens collected per month, combining data from 
natural history collections, available online and digitized from the Agronomic Research Institute collections. 

 

The current preliminary checklist of 209 bee species recorded for the country, from 5 

families and 47 genera, represents an increase of 82 species when compared to existing 

profiles. A number of factors suggest that the number of bee species in Angola could be 

considerably higher, namely: 1) the country has been poorly sampled, with almost half the 

country (extreme north-west, north-east and east) not surveyed at all; 2) the country has a 

diversity of habitat types; 3) the variety of climatic features, ranging from tropical humid in 

the north to extremely arid in the south west would be associated with high species 

turnover; 4) Angola falls almost entirely into the Zambezian region where levels of species 

turnover are known to be high; and 5) the country is part of the Southern Africa region 

where 2,600 species are described, representing about 50% of all Afrotropical bee species 

(Eardley & Urban, 2010; Kuhlmann, 2009). Therefore, the apparent low diversity of bee 
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species could be an artefact resulting from the disparity between the large size of the 

country and the lack of bee taxonomists, as well as little research on bee diversity of the 

region. Additionally, a large proportion of these studies were completed before the 

independence of the country in 1974, which means the country barely has contemporary 

data on bee species diversity and abundance. 

 

The studies performed up to the present were also strongly seasonally biased, with most of 

collections made during the rainy season (December-March). Although seasonal rhythms in 

tropical communities of insects (e.g. insect assemblage structure) are well established and 

are related to the seasonal variation in precipitation, with a usual increase in abundance and 

diversity during the rainy season and a decrease in the dry season (Valtonen, 2013), it would 

be interesting to determine the seasonality in species composition of the bee fauna. It is 

recommended that future studies developed in Angola on bee diversity consider the 

seasonal variation within bee species assemblages, and therefore surveys need to be 

conducted across all seasons. 

 

The collecting effort with respect to bee fauna has been assessed and reveals a clear 

collector bias, either around big cities or in specific collecting locations, such as the 

agronomic experimental stations or along the main roads. A great proportion (» 50%) of the 

country’s area remains to be surveyed, lacking representation of significant habitats as the 

Congolian forest savanna mosaics in the northwest and the Zambezian savannas, woodlands 

and grasslands in the east, as well as the transition zone between these. This complex of 

vegetation types, especially in the eastern region of the country, are of immense biodiversity 

value with some of the most interesting ecosystems in southern Africa, where the 

vegetation communities occupy deep sands with perched water tables (Werger & Coetzee, 

1978), and are lightly populated, which means that habitats remain virtually intact and in 

pristine condition (Golder Associates, 2006). 

Generic richness was found to be strongly associated with collector effort, possibly 

representing an artefact of the data availability (number of records per grid cell). The 

geographical distribution of richness most probably better represents intensity of collector 

effort rather than the richness of species itself. The number of genera currently digitized 

from natural history represents only 56,1% (23) of the genera expected for the country (41) 
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based on our bibliographic revision, therefore, it is likely that the number of unique genera 

will increase as more data become available. 

 

Overall, the knowledge on Angolan bee diversity is limited, outdated and strongly biased. 

Considering the importance of bees as pollinators and thus ecosystem service providers, 

long-term monitoring studies on their diversity and abundance should be implemented in 

Angola.  

The decades of civil war in Angola contributed for the local extinction of mammals, even in 

protected areas, as well as for major losses of habitat (Ron, 2015). Promoting the 

conservation of bee populations will contribute to the rehabilitation of habitats, since 

reproduction of major elements of the flora is dependent on bees (Michener, 2007; Ollerton 

et al, 2011). 
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CHAPTER 3. BEE DIVERSITY ALONG A TROPICAL ALTITUDINAL 
GRADIENT 
    

3.1. INTRODUCTION  

 

Altitudinal gradients represent rapid environmental changes through reduced horizontal distances 

(over km), with minimal variability in other environmental parameters (Hodkinson, 2005), and 

have served as a heuristic tool to develop biogeography, ecology and evolutionary biology 

(Lomolino, 2001). Since the 18th century, when European naturalists started exploring the world, 

elevational gradients have been considered as optimal models to study responses of species or 

communities to variations in environmental conditions (Korner, 2007). Two categories of 

environmental changes are relevant to altitudinal studies: i) general geophysical phenomena, such 

as changes in atmospheric pressure, temperature and ii) the less altitudinal-specific changes such 

as changes in moisture, period of sunlight, wind intensity, length of season and even phenomena 

as fire or human land use (Korner, 2007).  

 

Biodiversity distribution along altitudinal gradients has been mainly characterized by three 

patterns: i) monotonic decline of biodiversity with altitude (declining); ii) a low plateau where 

species richness is high until the mid-altitudes before declining (low plateau); and iii) a unimodal 

distribution with a mid-elevational hump (midpeak) (Grytnes & MacCain, 2007). The difference in 

patterns is related to the sensitivity of the studies to effects of area, sampling regime, sampling 

effort (Rahbek, 1995) and scale (Rahbek, 2005). 

 
In tropical mountains with heterogenous habitats, diversity patterns have been mostly illustrated 

by a generalized decay in species richness with increasing elevations (Morris et al., 2015; Costa et 

al., 2015; Nunes et al., 2016), with several attempts being made to explain this pattern and its 

underlying drivers. The following factors have all been considered as driving forces influencing a 

linear decline of species richness along elevation gradients: increasing rainfall (Devoto et al., 

2005), competition between species (Hoiss et al., 2012), climate and habitat management (Hoiss 

et al., 2013), longer development time (Kocher et al., 2014), habitat preference and behaviour 

(Koski & Ashman, 2015), reduction in habitat area and resource diversity (Fernandes et al., 2016), 
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temperature (Peters et al., 2016) as well as other physical phenomena such as water vapour 

pressure and wind speed (Perillo et al., 2017).  

 

Different patterns describing species richness along elevational gradients have also been defined, 

including: i) a hump-shaped peak of species diversity in midway elevations caused by mid-domain 

effect, found in long term insect sampling studies (Brehm et al., 2007); and ii) increasing species 

richness with increasing altitude, found for galling insects in Brazilian high-altitude grasslands 

(Coelho et al., 2017) and parasitoid wasps in the neotropical region (Veijalainen et al., 2014). 

However, there is no consensus on the determining factors of biodiversity variation patterns along 

altitudinal gradients, although a fundamental topic in ecology studies (Hodkinson, 2005; Peters et 

al., 2016). 

 

Altitudinal gradients have also been used as natural experiments to analyse the influence exerted 

by changes in climatic conditions on animal communities (Karunaratne & Edirisinghe, 2008). Many 

species are currently threatened by climate change (Thomas et al., 2004). Climatic warming has 

already induced alterations in life cycles as well as changes in distribution range, with expansion 

in the direction of the poles or higher elevations where temperatures are lower (Chen et al., 2011). 

Climate alterations have impacted biomes and ecosystems, forcing species to either move to more 

favourable thermal conditions or adapt to the variations in environmental conditions, through 

behavioural or physiological flexibility (Sinervo et al., 2010; Sunday et al., 2012; Kerr et al., 2015). 

The failure to adjust or adapt, results in population collapse or even extinction (Sinervo et al., 

2010). Species reactions to climate change also depend on life-history traits including tolerance to 

temperature (heat or cold) (Araújo et al., 2013), and could reveal the common evolutionary history 

of taxa where lineages were subject to similar historical climatic conditions in the course of their 

evolution (Kellerman et al., 2012).  

 

Nevertheless, distributional changes seem to be caused by a combination of factors, not just 

temperature, and it is critical to understand the relative contribution of each factor in order to 

predict distribution shifts that affect the sustainability of populations or communities (Sunday et 

al., 2012). Climate change can act synergistically with other stressors of anthropogenic origin, such 

as land use intensification or usage of agrochemicals, to change species’ response to new 

environmental conditions, causing a decrease in fitness and persistence of populations in tropical 
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and temperate climates (Kingsolver et al., 2011) and induce alterations or even loss of ecosystem 

services provided by the impacted species (Goulson et al., 2015). 

 

Insects, including non-domesticated bees (Hymenoptera: Anthophila), are exceptional model 

organisms to assess the effect of climate variation on species richness along altitudinal gradients. 

Climate variables and weather conditions are of extreme importance for insects (Abrahamczyk et 

al., 2011), particularly since their capacity for body temperature regulation is determined largely 

by the ambient temperature (Hozumi et al., 2010). Additionally, bee diversity has proven to be 

positively related to the availability of food (Araújo et al., 2006) and host plants (Karunaratne & 

Edirisinghe, 2008), determining factors for their presence or absence at higher altitudes where 

both trophic resources may be limited (Hoiss et al., 2012).  

 

Therefore, community composition of bee species is expected to decrease with increasing altitude 

(Hoiss et al., 2012). Furthermore, under a scenario of mean global temperature increases, both 

the diversity and abundance of wild bees will be affected (Widhiono et al., 2017), because the 

foraging activity, body size and lifespan are all influenced by high temperatures, which in turn 

affects patterns of pollen flow and overall pollination success (Scaven & Rafferty, 2013). Likewise, 

as floral resource availability is modified by warming, this will impact the fecundity of pollinating 

insects (Scaven & Rafferty, 2013). The overall result could be extensive trophic disruption (Scaven 

& Rafferty, 2013).  

 

The study of wild bee diversity at various altitudes in the tropics could provide insight on possible 

responses of bee communities to climate variations, and how the ecosystem services provided by 

these communities would be altered (Scaven & Rafferty, 2013).The southern African Great 

Escarpment, a 5000 km-long semi-continuous mountain chain, ranges from north-western Angola 

to eastern Mozambique, offering the ideal environment for altitudinal gradient research studies. 

These mountain systems are expected to host half of the subcontinent’s centres of plant 

endemism and a rich endemic vertebrate fauna and provide a major proportion of the 

subcontinent’s fresh water (Clark et al., 2011). To ensure the continuous provision of these 

ecological services, this montane habitat and its rich biodiversity urgently need to be protected 

and restored (Clark et al., 2011). Climatic conditions change along altitudinal gradients, therefore 

biodiversity surveys along such gradients allow predictions of the possible impact of climatic 
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change on biodiversity patterns. These predictions are based on the assumption that the climate 

changes along gradients in the same way it changes in time, known as space-for-time substitution 

approach (Dunne et al., 2004). Intensive biodiversity systematic surveys to assess the effects of 

climate change on the African Escarpment will provide vital information to develop effective 

environmental management (Clark et al., 2011).  

 

Even though the general knowledge on the escarpment’s biodiversity is poor, fragments of it have 

been studied in some detail (see van Wyk & Smith, 2001 for examples), but Angola remains the 

least-known section (Figueiredo et al., 2009). The Angolan Escarpment, a nearly 1000 km-long 

mountain range, supports a gradient of vegetation types from tropical evergreen and semi-

deciduous rainforest in the north, Afromontane forest-grassland mosaics and miombo woodland 

in the centre, to Kalahari Highveld shrublands and Nama-Karoo semi-desert in the south (WWF, 

McGinley, 2008). Furthermore, it supports high levels of vertebrate endemism, surpassed only by 

South Africa (Clark et al., 2011). In particular, the ‘Angolan Escarpment Woodlands’ (Olson & 

Dinerstein, 1998), a narrow band of montane woodlands found between 350 and 1000m above 

sea level, can be considered to be a ‘biodiversity hotspot’ (sensu Myers et al., 2000) due to the 

high levels of critically endangered biodiversity (Clark et al., 2011).  

 

The decades of civil war in Angola halted all ecological research but recently studies have resumed 

in areas of high endemism or conservation concern in the Angolan escarpment (Lovett, 2018). A 

few botanical studies (Hind & Goyder, 2016; Gonçalves & Goyder, 2016; Gonçalves et al., 2016), 

primate research (Bersacola et al., 2015; Svensson et al., 2017), herpetological surveys (Baptista 

et al., 2018) and assessments of deforestation, degradation and carbon stocks (Leite et al., 2018) 

have been conducted along the escarpment, mostly concentrated in the central region. However, 

the majority of the research in the Angolan Escarpment has been dedicated to ornithology (Ryan 

et al., 2004; Sekercioglu & Riley, 2005; Mills & Dowd, 2007; Mills & Dean, 2007; Mills, 2010; Mills 

et al., 2012; Cáceres et al., 2014; Cáceres et al., 2016; Cáceres et al., 2017; Baptista & Mills, 2018). 

Nevertheless, the entire area (and particularly the southwestern region) remains poorly 

documented for many taxa, especially insects. 
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To my best knowledge, the present study is the first to assess the species richness and composition 

of the most important pollinating insects - bees (Hymenoptera: Anthophila) along a tropical 

altitudinal gradient of the southwestern Angolan Escarpment. 

I explored the following hypotheses: 

1) Whether taxon richness decreases with increasing elevation along the tropical altitudinal 

gradient, as has been reported for both temperate and tropical altitudinal studies elsewhere 

(Arroyo et al., 1982; Perillo et al., 2017) 

2)  Whether community composition changes with increasing altitude as has been 

demonstrated on studies in temperate (Hoiss et al., 2012) and tropical zones (Classen et al., 

2017), as bee community structure is also known to be affected by landscape characteristics 

at different scales (Tscharntke et al., 2012). 

 

3.2. METHODOLOGY 

 

3.2.1. STUDY AREA & SITES 
 

The fieldwork was undertaken in the Angolan southwestern escarpment, situated close to 

Lubango, the capital of Huíla Province, in the valley of Bruco, a southeast-northwest transect 

stretching between the higher (S15.15; E13.26, WGS84) and lower (S15.12; E13.19, WGS84) 

altitudes of Serra da Chela (Figure 3.1). Serra da Chela is an imponent mountain massif composed 

of a series of geomorphological plateaus that are defined by escarpments of up to 1000m slopes 

down to the inferior level (Diniz, 2006). The Humpata Plateau (2000 m.a.s.l.) is one of the highest 

plateaus of Serra da Chela, and Bruco is located on its western edge. The altitudinal span of the 

transect was 760-1651 m.a.s.l. 

 

 The escarpment of Serra da Chela is comprised of quartzitic blocks that form a cornice over a 

sedimentary zone, of Cambrian-Silurian age, composed by layers of schist and dolomitic 

limestones that overlay antechamber eruptive formations, mostly of granite (Diniz, 2006). 

Materials from the Plio-Pleistocene can be found as gravel along the main rivers and at the lower 

altitude of the valley, as terraces that follow the river or as sloped deposits such as pebbles and 

blocks of conglomeratic rocks (Diniz, 2006). Deposits from the Holocene are more restricted and 
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can be found in the bottom of secondary rivers or on the borders of main rivers flowing down the 

slope (Diniz, 2006). 

 
Figure 3.1 – Topographical map showing the percentage of tree cover for the transect within the Bruco valley with 
location of the twelve sampling sites and indication of lowest and highest altitude. The location of the transect area 
is shown within Angola and using the capital of Huíla province – Lubango – as reference (insert). 

 

Pedologically, the study area is mainly composed of lithosols associated with rocky outcrops or 

terrain, displaying an increase in the frequency of rocky elements and reduction of soil thickness 

with increasing altitude (Diniz, 2006). The soils in the study area are of poor agricultural potential, 

although along the margins of the river at the lower flattens the deposition materials are very 

heterogenous with higher mineral reserves and therefore more fertile than the rest (Diniz, 2006). 

 

The study area represents a transition between two biogeographical regions: Central plateau and 

Namibe (Rodrigues et al., 2015). The Central Plateau unit is integrated in the Zambezian region 

(Linder et al., 2012) and includes a great proportion of the WWF Ecoregion of the Angolan miombo 

woodlands (Olson et al., 2001). The Namibe unit is part of the south-western Angola region (Linder 
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et al., 2012), which corresponds with the WWF Ecoregion of the Kaokoveld desert, representing 

the northern part of the Namib desert and Namibian savanna woodlands (Rodrigues et al., 2015). 

 

The vegetation on the plateau that extends to the higher altitude of the valley consists of Miombo 

woodlands, which open to dense savannas, dominated by Brachystegia species (van Jaarsveld, 

2010). In this area the vegetation is shaped by grass fires, mainly occurring in the dry season, and 

sandy soils with poor mineral content (Rodrigues et al., 2015).  

 
Figure 3.2 – Landscape of the Afromontane forest and valley escarpment of the study area. 

 

Along the gorges (Figure 3.2), the vegetation changes into moist, deciduous broadleaf woodlands 

of Afromontane Forest with species such as: Ficus bubu, F. sur, F. burkei, F. natalensis, Sclerocarya 

birrea, Mangifera indica, Aloe vallaris, Plectranthus cylindraceus, Senecio orbicularis, Haplocarpa 

lyrata, Gloriosa superba, Aeollanthus rehmannii, Kalanchoe lanceolata, K.laciniata, Crassula 

expansa fragilis, Scadoxus multiflorus, Carissa spinulifera, Solenostemon rotundifolius, Adansonia 

digitata, Podocarpus milanjianus, Buxus macowanii, Trema orientalis, , Doryopteris concolor, Pteris 

sp., Pleopeltis sp., Obetia carruthersiana, Euphorbia vallaris, among others (van Jaarsveld, 2010). 
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Close by to the lower altitude of the transect, the vegetation transforms into dry bushveld 

dominated by Pachypodium lealii, Adansonia digitata, Colophospermum mopane, Terminalia 

prunoides, Croton sp., Aloe littoralis, Ximenia caffra, Balanites welwitschii, Cordia sp., Euphorbia 

subsalsa, Plectranthus amboinicus, and Sterculia africana to name a few (van Jaarsveld, 2010). The 

Namib Desert lies not far (80km in straight line) to the southwest. The transect thus runs from a 

semi-arid zone through to subtropical Afromontane forest. 

 

Due to the shortage of suitable browsing conditions in the dry season, the reduced quality of leaf 

matter and inaccessibility of tree canopies, the area on the higher altitude and along the valley 

have relatively low density of mammals and are occupied by a few widespread species such as 

blue duiker (Philantomba monticola), Malbrouck monkey (Chlorocebus cynosuros), blue monkey 

(Cercopithecus mitis), Chacma baboon (Papio ursinus), African civet (Civettictis civetta), serval 

(Leptailurus serval), caracal (Caracal caracal), leopard (Panthera pardus), as well as genets and 

moongooses (Huntley, 1974; pers. obs.). 

 

3.2.2. SITES & SAMPLING DESIGN 
 

§ Study Sites 
 

In January 2017, 12 selected sites along an elevation gradient in the Bruco valley (Serra da Chela, 

Angola) were used to survey for bee species richness and community change (Figure 3.1).  

Species richness and abundances were determined for each altitude sampled enabling the 

determination of bee species assemblages and, consequently, the analysis of possible community 

change along the elevation gradient. 

 

The sites were selected with an altitude range from ca. 760 to ca. 1651 m.a.s.l. and the selection 

criteria were: 1) location along the altitudinal gradient, with 60-80 m altitude difference between 

sites; 2) landscape accessibility (some areas were extremely rocky and with coarse gravel, 

therefore not suitable to sample); and 3) permission from local population to access the area. The 

ca. 11 km transect was largely inaccessible by car (apart from a few lower sites), and included very 

steep gradients. 
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§ Data collection 
 

Bees (Hymenoptera: Anthophila) were collected from January 5th to January 24th in 2017. On all 

12 sites, bees were sampled between 8 a.m. and 4 p.m. on sunny days, when temperature ranged 

from 18°C to 24°C. Following Jiménez-Valverde & Lobo (2005), a combination of sampling 

methods was applied to achieve a reliable inventory of bee species, viz.: i) sweep netting; ii) pan 

traps; and iii) malaise traps. 

 

At each site, one malaise trap was set up (Figure 3.3-a) in the early morning and recovered in the 

afternoon due to security reasons (theft). The technique proved to be inefficient due to 

destruction of the traps by  grazing cattle, and consequently had to be discontinued. 

 

Replicates of colour pan traps were also placed on all 12 sites (Figure 3.3-b), with 5 sets of 3 

different coloured pan traps (white, blue, yellow; 15 cm diameter containers filled with water and 

a drop of liquid soap to break the surface tension of the water; N=180) used on each site, placed 

on the ground with a distance of 20 m between sets of traps. Pan traps were kept for 72 hours per 

sampling period and specimens were recovered, every afternoon to avoid losses. These were 

transferred to plastic vials and preserved in 96% ethanol, collecting a total of 164 bee specimens. 

During field work, a considerable number of pan traps were stolen, but it was possible to maintain 

a minimum of 3 replicates per site.  

 

Sweep netting and directed netting proved to be the most efficient sampling techniques, allowing 

the collection of 685 specimens along the 12 sampling sites. For each site, sampling followed 

randomised transect walks along the viable accesses (Figure 3.3-c). The opening of the sweep net 

was 40 cm in diameter and two sweep net approaches were applied: i) transect walks were 

subdivided into 10 assemblages of 50 sweeps each, with the net being emptied at the end of each 

of the 10 sub-transects; and ii) transect walks where all bee specimens observed were collected 

over a  60 minute period, with the net being emptied at regular intervals to avoid loss or 

destruction of bee specimens. 
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Figure 3.3 – Sampling methods used at each sampling site: a) malaise trap; b) five sets of three pan traps; and c) 
sweep netting. 

 

Bees were identified to the lowest taxonomic level possible based on Michener (2007), assisted 

by comparison with the bee collection at the Entomology department, Iziko museums.  These 

identifications were later ratified by a bee taxonomist with expertise in southern African bee 

taxonomy (C. Eardley). For some poorly-studied genera, it was not possible to distinguish species 

or even morphospecies and for that reason the data analysis was largely performed at the genera 

level. Specimens were deposited and accessioned in the Entomology Collection in Iziko Museums 

of South Africa, Cape Town. 

 

Environmental variables representing factors known to influence altitude-diversity relationships, 

such as annual precipitation (mm) and mean annual temperature (°C), were obtained for each site 

using Worldclim version 1.4 (1960-1990). I then tested for effects of these environmental variables 

a b 

c 
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on generic richness and composition along the altitudinal transect by regressing generic richness 

and diversity with altitude (Appendix III). 

 

Bee community structure is also known to be affected by landscape characteristics at different 

scales (Tscharntke et al., 2012). For that reason, I tested the effects of landscape variables such as 

Normalized Difference Vegetation Index (NDVI) and tree canopy cover on generic richness, at two 

spatial resolutions of 200 and 400 m radius centred on each sampling site. This radius was chosen 

based on the fact that most of the bee species present in the study area were small solitary bees 

(Chapter 4), known to have foraging ranges smaller than 600m (Greenleaf et al., 2007). NDVI was 

computed at the patch (200 m radii) and landscape scale (400 m radii) using bands 4 and 8 from 

Sentinel 2+image, acquired on 13 January 2017. Tree canopy cover for year 2000 was obtained 

from Hansen et al. (2013) and is defined as canopy closure for all vegetation taller than 5m in 

height, encoded as a percentage per output grid cell, in the range 0–100. The landscape analysis 

was performed using QGIS 2.4. 

 

3.2.3. STATISTICAL ANALYSES 

 

§ Sampling completeness 

 

In order to evaluate the completeness of the genera inventory sampled, I calculated the 

cumulative number of genera found at each sampling site and for the entire altitudinal transect, 

using species accumulation curves in the software EstimateS (Colwell, 2013; version MAC 9.1.0). 

The data obtained from the sweeping transects and pan trapping were used as replicates for 

generic richness estimations. The asymptotic value of the accumulation curves was used together 

with the generic richness estimation to test if the total number of genera caught in each sampling 

plot, and along the entire transect underestimated the true generic richness. The non-parametric 

richness estimators computed were Chao1, Chao2, incidence-based coverage estimator (ICE), 

abundance-based coverage estimator (ACE) and first and second order Jackknife. Detailed 

descriptions of the estimators can be found in Gotelli & Chao (2013). To derive confidence 

intervals, one hundred randomizations of sampling order (without replacement) were carried out 

for each site and for the entire transect. According to Hortal et al. (2006), the estimators ICE, Chao 
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2 and Jackknife1 and 2 perform well under low sampling intensities, presenting reduced sensitivity 

to sample coverage, unevenness of species distributions or variability in capture probability. In line 

with other studies on bee diversity along altitudinal gradients in the tropics (e.g. Perillo et al., 

2017), the estimator Jacknife1 was used to calculate sample completeness. 

 

§ Generic diversity along the altitudinal gradient 

 

The data obtained during field work were used to calculate three measures of diversity, two 

emphasizing diversity and one equitability/evenness: i) the Shannon diversity index (H’); ii) the 

Margalef’s index (d); and iii) the Pielou’s evenness index. 

 

The Shannon diversity index (H’) is obtained through the equation 

:! = −< +" 	,)=# 	(+")
"

 

where +"  is the proportion of bee genera of the ith genera in the entire collection (Clarke & 

Warwick, 2001). 

 

The Margalef’s index (d) is used as an alternative to generic richness. Generic richness (S) being 

simply the total number of genera, is obviously highly dependent on sample size (Clarke & 

Warwick, 2001). The Margalef’s index incorporates the total number of individuals (N) and 

measures the number of genera for a given number of individuals, following the equation: 

3 = 	 (! − 1)logC  

 

The Pielou’s evenness index (J’) expresses the extent to which individuals are evenly distributed 

among the different genera present in the community and can be obtained through the equation: 

D! = :′
:′$%&

= :′
,)=! 

where :′$%& refers to the maximum Shannon diversity value, obtained if all species were equally 

abundant (,)=!) (Clarke & Warwick, 2001).  

All diversity measures were computed using PRIMER-E version 6.1.11. Correlation matrices and t-

tests were performed using Statistica version 13.5. 
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§ Community analyses 

 

To examine the bee communities along the altitudinal gradient I first generated a Bray-Curtis 

sample dissimilarity matrix of square root transformed generic abundances for data pooled at the 

site level. To evaluate community similarity an analysis of similarity (ANOSIM) was applied. The 

hierarchical cluster analysis allowed the definition of distinct community relationships among 

sites, represented in a dendrogram. To identify the genera that most contributed to the 

dissimilarity between groups I applied a similarity percentages (SIMPER) analysis. In order to 

evaluate the inter-relations between group samples, a non-metric multidimensional analyses 

(NMDS) was performed using a two-dimensional ordination. Sites similar in structure were plotted 

in close proximity in the ordination space, while sites distantly plotted will be less similar. The 

goodness of fit of the ordination is defined by the stress index that should present a low value (at 

most <0,1; Clarke & Warwick, 2001) in order to provide a realistic approximation of the true 

relationship between sites. 

 

Geographical (altitude), environmental (annual mean temperature and annual precipitation) and 

landscape variables (tree cover at 200 and 400 m radii and NDVI at 200 and 400 m radii) were 

normalised prior to the analyses and used for principal coordinates analysis (PCO) based on 

Euclidean distance. The PCO analysis was also performed in PRIMER-E version 6.1.11 to investigate 

interpoint dissimilarities of bee genera and variables such as the geographical, environmental and 

landscape parameters. All community analyses were performed. 

 

3.3. RESULTS & DISCUSSION 

 

3.3.1. Sampling summary 
 

On the 12 sampling sites, a total of 845 individuals were collected, representing 51 identified 

species, 34 genera and five bee families (see Appendix IV, Table 3.1). The dominant families at all 

study sites were Apidae (62%), Megachilidae (20,6%) and Halictidae (16,6%). Specimens of 

Colletidae were only recorded at two sites. Only one specimen of Andrenidae and Melittidae were 

collected, interestingly at the highest altitude sites. Among the Apidae species, the most abundant 

were Hypotrigona ruspolii, followed by Macrogalea candida and Braunsapis facialis.  
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Even though the diversity analysis performed in this chapter is at the genera level due to the 

limited number of individuals identified to the species level, it is worth to mention that this study 

contributed to the knowledge of wild bees of Angola by adding 23 species and 6 genera as new 

records for the country’s preliminary checklist presented on Appendix II. The preliminary checklist 

of bees of Angola is now composed by 209 species, from 47 genera and five families.  

 

Table 3.2 – Number of individuals and genera collected, as well as sample completeness as calculated with Jackknife 
1 estimator, per sampling site. 

Data properties   Estimator values (SD)  Coverage (%) 

Altitude 
m.a.s.l. 

Sobs N  Chao1 Chao2 ICE ACE Jackknife1 Jacknife2  Jackknife1 

760 17 84  22,19 (5,32) 44,73 (26,3) 36,6 24,82 27,08 (6,27) 34,73  62,78 

840 12 107  12,2 (0,62) 12,39 (0,86) 14,61 13,12 14,75 (1,44) 12,7  81,36 

901 11 84  12,48 (2,57) 15,13 (4,44) 27,06 13,33 16,5 (3,18) 18,47  66,67 

960 11 43  21,25 (10,34) 48,13 (45,03) 51,2 23,03 19,25 (4,09) 25,99  57,14 

1120 17 77  18,48 (2,21) 22,13 (4,95) 23,87 19,97 24,33 (5,64) 27,97  69,87 

1179 18 72  23,18 (5,31) 25,64 (6,38) 28 26,77 27,17 (5,56) 30,95  66,25 

1253 20 117  26,94 (6,6) 29,17 (7,72) 35,59 30,12 29,17 (6,47) 33,71  68,56 

1305 11 40  12,95 (2,82) 13,29 (2,93) 15,61 14,28 15,58 (3,7) 17,48  70,6 

1489 11 37  12,95 (2,82) 13,29 (2,93) 15,61 14,28 15,58 (3,7) 17,48  70,6 

1534 17 97  30,86 (13,12) 67,42 (32) 41,66 27,86 27,08 (6,42) 36,25  62,78 

1580 18 57  32,74 (12,64) 36,49 (16,02) 35,95 34,74 28,08 (5,49) 34,98  64,1 

1651 11 30  11,97 (1,77) 12,1 (1,71) 13,92 12,35 14,67 (2,82) 14,97  74,98 

Entire 
transect 

35 845   37,5 (3,16) 36,31 (1,8) 37,88 38,36 39,58 (2,12) 39,2   88,43 

 

A smoothed species accumulation curve was computed for each study site (see Appendix V) and 

none reach an asymptote, although sampling coverage across sites ranged between 57,14% and 

81,36% (Table 3.2).  The species accumulation curve for the entire dataset (i.e. all sites pooled) 

appeared to level off indicating the sampling of a large proportion of the genera pool.  

 

According to the Jackknife1 estimator, sampling completeness for the entire transect was 88,43% 

(observed richness: 35; estimated richness: 39,58), as summarized in Table 3.2. The sampling 

recorded a low number of rare genera, with 5 singletons (14,29% of the total) and 3 doubletons 

(8,58% of the total). 
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3.3.2. Generic diversity along the gradient 
 

Single diversity measures were calculated for each site pooling data from the total sampling 

because some of the replicates presented a limited number of specimens (Table 3.3).  

 

Table 3.3 – Diversity measures (Margalef [d]; Shannon indexes [H’]; and (Pielou’s [J’]) for bee genera at the 12 
sampling sites along the altitudinal gradient, with 95% confidence intervals. S = number of species; N = abundance. 

Altitude S N d J' H'(loge) 

760 17 84 3,611 0,756 2,143 

840 12 107 2,354 0,686 1,704 

901 11 84 2,257 0,681 1,632 

960 12 43 2,925 0,606 1,506 

1120 18 77 3,914 0,881 2,546 

1179 18 72 3,975 0,856 2,475 

1253 21 117 4,200 0,785 2,389 

1305 11 40 2,711 0,836 2,005 

1489 11 37 2,769 0,865 2,075 

1534 17 97 3,497 0,774 2,194 

1580 18 57 4,205 0,822 2,376 

1651 11 30 2,940 0,942 2,258 

 

It was not possible to detect a conspicuous pattern in the generic diversity along the altitudinal 

gradient, though the analysis reveals a discrete increase in diversity with increasing altitude, a 

pattern that is contrary to what has been detected along altitudinal gradients of temperate 

(Arroyo et al., 1982) and tropical ecosystems (Perillo et al., 2017). Bee community diversity was 

highest (H’ = 2.546) at a mid-transect site (altitude = 1120 m.a.s.l.). This might be an artefact 

related to the fact that this sampling site had a cropped area at the forest fringe which is in 

accordance to other studies that found bee diversity to be higher in low agricultural intensity areas 

surrounded by high proportions of semi-natural habitats (Basu et al., 2016). 

 

Studies on animal diversity patterns along gradients (elevational or latitudinal) most frequently 

explain the patterns using the environmental variables. For instance, cold temperatures found in 

high elevations are expected to be physiologically tolerated only by a limited number of species; 

the speciation rates can also be influenced by reduced generation times or increased metabolic 

rates (Gillman et al., 2012); or even, species diversity might be maintained by acceleration of 

density-dependent mortality with temperature (Bagchi et al., 2014). 
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The regression between the univariate measures and altitude or the environmental variables 

known to affect bee diversity (annual mean temperature and annual precipitation) revealed 

positive relationships between evenness (J’) and altitude (r = 0.68, p < .001) and annual 

precipitation (r = 0.60, p < .001), with a negative relationship with annual mean temperature (r = 

-0.66, p = .015) (temperature decreased with altitude).  The relationships of the other univariate 

measures with the same variables proved to be statistically marginal as summarized in Table 3.4 

(see Appendix VI for charts). 

 

Nevertheless, NDVI is also frequently used as a representation of energy or resources (Hawkins et 

al., 2003) that could affect the patterns of species diversity along altitudinal gradients. In fact, for 

endothermic organisms (e.g. birds), a strong positive relationship has been found between species 

richness and resources availability (Price et al., 2014). However, for ectothermic insects the usage 

of resources availability is determined by ambient temperature and the energy consumption 

during foraging declines with decreasing temperatures, an event that is overcome by foraging only 

above a certain temperature threshold (Stabentheiner et al., 2003). The limitations of resource 

exploitation as determined by temperature could then reduce population densities in cooler 

temperatures and increase extinction probability (Classen et al., 2015).  

 

The result of testing the univariate measures of diversity with the landscape variables along the 

altitudinal transect, revealed a significant negative relationship between evenness (r = -0.71, p < 

0.001) and diversity (r = -0.63, p < 0.001) with tree cover at the patch scale (200m radii). However, 

at the landscape scale (400m radii), a significant positive relationship was found between diversity 

(r= 0.63, p < 0.001) and the NDVI. The bee abundance was not strongly affected by any of the 

landscape variables at both scales. 

 

The NDVI reflects the net primary productivity at small spatial scales (Wu et al., 2014) and high 

levels of vegetation cover can reduce the survey area, sample efficiency or shift pollinator activity 

to canopy level, negatively influencing the sampled diversity (Hurlbert, 2004). Though, my results 

indicate that bee diversity was higher in areas with greater NDVI, this relationship was stronger at 

the landscape scale. This result could be explained by the fact that the transect used in the study 

followed mostly a trail that was surrounded by flowering plants and shrubs, an open (disturbed) 
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habitat along the altitude gradient. Open habitat is known to support high bee diversity (Gikungu 

et al., 2011). 

 

Table 3.4 – R values for the regression between univariate measures and altitude as well as environmental and 
landscape variables, calculated for the twelve sampling sites: N – abundance; d – Margalef’s index; J’ – Pielou’s index; 
H’ – Shannon diversity index (H’). 

Variables / Indices N d J' H' 

Altitude -0,4305 0,2634 0,6827 0,4945 

Annual Mean Temperature (°C) 0,3295 -0,3522 -0,6595 -0,5534 

Annual Precipitation (mm) -0,3325 0,2739 0,5957 0,4693 

Tree cover (mean; 200m) 0,1619 -0,3605 -0,7122 -0,6324 

Tree cover (mean; 400m) 0,1349 -0,1076 -0,4255 -0,3018 

NDVI (mean; 200m) 0,0582 0,3958 0,3286 0,4746 

NDVI (mean; 400m) 0,0299 0,4897 0,5043 0,6349 

  

However, the abundance of flowering plants or shrubs layers are limited by dense canopy cover 

which is in line with the results of this study since a negative correlation between bee generic 

diversity and tree cover was found. 

 

3.3.3. Community analysis 
 

The cluster analysis identified four groups that were >40% dissimilar to one other (Groups A, B, C 

and D (Figures 3.4 and 3.5).  

 

 
Figure 3.4 – Dendrogram using group-average linking on Bray-Curtis genera similarities from standardized 
abundance data, transformed with square root. Four groups are defined at similarity level of 50%. 

 

The four groups were clearly outlined on nMDS ordination plot with stress value of 0.11, indicating 

‘good’ 2-dimensional representation of the community structure (Figure 3.4). The overlay of the 
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clusters on the MDS is represent in Figure 3.5. Group B (sites 8 and 9) reflects an assemblage of 

low altitude sampling sites, as does group C (sites 2, 3 and 4) with medium altitude sites. Group D 

is composed only by the highest altitude site where bee community was significantly different 

from all other sites. Group A was composed by a mixture between sites of low, medium and high 

altitude (sites 1, 5, 6, 7, 10 and 11). 

 

 
Figure 3.5 – An ordination plot derived from 2-dimensional MDS of assemblage composition of sampling sites based 
on Bray-Curtis similarity indices. The four groups from the cluster analysis are indicated (stress = 0,11). Numbers are 
sites, with 12 being the higher altitude of the transect. 

 

The ANOSIM analyses used to validate community similarity clearly reflects statistically significant 

differences between bee communities of the various groups, presenting a significant level (p =0 

.1) and a mid-range value of R2 (= 0.669) for the global test of groups A, B, C and D. Group A 

differed from B (r= 0.73), C (r=0 .84), and D (r= 0.93). Group B was also significantly different from 

groups C (r= 0.75) and D (r= 1). 

 

The SIMPER analysis identified genera that defined the various site clusters and % values are 

individual contributions of genera to observed % dissimilarity between groups. For group A, the 

genera that most contributed most to this community were Macrogalea (13,34%), Ceratina 

(11,79%) and Braunsapis (10,40%). In group B, Hypotrigona (38,83%) is clearly the main driver for 

the community assemblage but Pachyanthidium (11,26%) and Ceratina (10,92%) also contributed. 
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Group C had the highest average similarity among its sites (61,88%), with Hypotrigona (22,77%), 

Macrogalea (14,91%) and Braunsapis (12,17%) being the most characteristic genera for these 

lower sites. The highest average dissimilarity between groups was observed between groups C 

and D (67,29%). Hypotrigona is the genera that most influenced dissimilarity between groups 

contributing as high as 21,8% to the dissimilarity between groups B and D, and to a lesser extent 

between groups A and B (14,10%) and B and C (13,67%).   

 

The principal coordinate analysis (PCO) allowed an investigation of inter-point dissimilarities 

between sites according to geographical, environmental and landscape variables (Figure 3.6). The 

first two axes of the PCO plot explained 48,8% of the total variation. Defined groups were 

associated with altitude, precipitation and NDVI variables, both at patch and landscape scales. 

Group B was mainly influenced by temperature and tree cover at the patch scale and group C was 

influenced by tree cover at the landscape scale. 

 

 
Figure 3.6 – Principal coordinate analyses (PCO) of geographical, environmental and landscape variables based on 
Euclidean distance and bee generic composition based on Bray-Curtis similarity from square root transformed data. 
Different colors indicate groups of samples and the green line separates groups. 
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A potential caveat of this study is that the taxonomic identification was only possible to the generic 

level. Although species names were obtained for many taxa, difficult and understudied genera 

could not be identified to species, even by local taxonomists with expertise in southern African 

bees. This has some advantages when applying multivariate methods of statistical community 

analysis (Clarke & Warwick, 2001), but also potentially influences the net analysis. It is possible 

that analysis at a lower taxonomic level (species) would result in a more refined result, with more 

subtle patterns emerging, particularly as responses to subtle environmental gradients are more 

likely to be detected in species rather than generic responses. 

 

Overall, bee diversity increased with increasing altitude (in contrast to what has been found by 

the majority of both temperate and tropical altitudinal gradient studies; Hoiss et al., 2012; Classen 

et al., 2017; Perillo et al., 2017). How these findings relate to each other is not entirely clear but 

differences among the range of temperatures felt on the different study areas could be a possible 

explanation.  

For the temperate region (Hoiss et al., 2012), the study was conducted in the German Alps and 

highest point of the transect was at 2000 m.a.s.l., and although there is no specific indication of 

the temperature range between sites, it showed that high elevation sites were less sampled due 

to the shorter period without snow which leads to the thought that temperatures were generally 

lower than the ones along Bruco transect. For the tropical region, the altitudinal gradient on the 

Mount Kilimanjaro study (Classen et al., 2017) was considerably longer, reaching 4000 m.a.s.l. at 

the highest point where mean annual temperature is 0°C. Sampling at Caraça Mountains in Brazil 

(Perillo et al., 2017) even though it occurred in a similar altitudinal gradient length and range, had 

lower annual mean temperatures (13 - 19°C) while the lowest annual mean temperature on the 

Bruco transect was 18°C for the highest site.  Annual mean temperatures along the entire Bruco 

transect (18-24°C) fall within the range of temperatures that favour bee activity, therefore the 

results obtained in this study could potentially be better explained by a combination of factors 

(e.g. temperature, rainfall, vegetation communities), as found elsewhere (Classen et al., 2015), 

rather than just attributed to a single environmental variable. 

 

Globally and contrary to the research hypothesis initially formulated, a clear relationship was 

found between bee species richness and altitude as the generic diversity of bees along the 

altitudinal gradient in Bruco pass – Serra da Chela, Angola – increased with increasing elevation. 
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This result is also contrary to what has been found in other studies, but transect length, 

temperature ranges and most probably vegetation communities are also not comparable to the 

ones present in other studies performed in the tropical zones (Perillo et al., 2017; Classen et al., 

2017).  

 

For altitudinal transects where temperature at high elevation sites limits bees’ foraging capacity, 

influences generation times and slows evolutionary and diversification rates (e.g. in temperate 

regions) temperature might act as filtering effect and regulate community assemblage (Hoiss et 

al., 2012). In tropical regions, the variations in bee community assembly along shorter (Perillo et 

al., 2017) or longer (Classen et al., 2017) altitudinal transects is possibly better explained by a 

combination of factors, as it is expected to happen along the Bruco altitudinal transect.  

 

The diversity of bee species (51) and genera (34) found along the Bruco transect is significantly 

high when compared with the results obtained in similar studies elsewhere in the tropics (41 

species in Brazil, Perillo et al., 2017), especially considering that 25% of the samples are yet to be 

identified to the species level. The fact that this study added 23 new species records for the 

country is a clear indication of how poorly documented the biodiversity of Angola is. Bee 

communities did change along altitudinal gradients, although it was not possible to determine 

whether this was related to temperature, rainfall or ecological factors such as changes in plant 

communities. 

 

Considering the limitations of this study, additional investigations should be considered to improve 

the knowledge of how bee communities are influenced by different variables along altitudinal 

gradients, including studies in both seasons to detect seasonality changes. Land use and habitat 

disturbance have not been assessed in this study, but both are known to influence bee diversity 

(Winfree et al., 2009; Potts et al., 2010; Gess & Gess, 2014). Collecting this information will 

contribute to understand how wild bees respond to climate change and land use, at different 

scales.  
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CHAPTER 4. BODY SIZE VARIABILITY OF BEES ALONG A 

TROPICAL ALTITUDINAL AND RAINFALL GRADIENT 
 

4.1. INTRODUCTION  
 

Life-history traits of species within community assemblages vary along altitudinal gradients, 

providing an analogous situation to environmental changes that follow global warming (Diamond 

et al., 2011). Body size is an important life-history trait responsive to natural selection, mainly 

associated with resource capture, fecundity and mortality (Chown & Gaston, 2010). Furthermore, 

the differences in dispersal ability associated with body size determines the annual shift in species 

response to weather conditions as well as the regional variation in species distribution ranges 

(Stevens et al., 2010).  

 

Patterns in body size variation, both intra- and intraspecific, are of great significance to 

evolutionary ecology and the most popular generalization is that body size of both endo- and 

ectothermic organisms increases with altitude (Hodkinson, 2005), a variation of Bergman’s rule. 

When Bergmann first put forward this rule in 1847, he noted that endothermic animal species 

were smaller in warmer climates and that species living under cooler temperatures had larger 

sizes (Meiri & Dayan, 2003). Bergmann hypothesized that organisms with larger body mass would 

lose smaller amounts of energy as their surface-to-body volume ratio was smaller. The rule has 

since been reformulated, and found to be only applicable to intraspecific variation and 

ectothermic organisms (Brehm & Fiedler, 2004). Subsequently, it was modified to apply to 

ectothermic animals through the size-temperature rule, where body size increases with 

decreasing temperature (Atkinson, 1994). Its application to latitudinal gradients alone (Blackburn 

et al., 1999) was rapidly refuted and the Bergmann rule has been extended to altitudinal gradients 

(Smith et al., 2000). 

 

More recently, evidence for increasing body size with altitude has been supported by research on 

birds and mammals, where the majority of the studied species followed Bergmann’s rule (Meiri & 

Dayan, 2003). However, it has not been demonstrated  for freshwater fishes (Fu et al., 2004) and 
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ambiguous results have been obtained for amphibians, which displayed patterns of both 

increasing (Liao & Lu, 2012) and decreasing (Cvetkovic´et al., 2008) body size with elevation. 

 

Regarding insects, the variation of body size with altitude does not seem to follow a regular 

pattern among the different insect orders. Insects belonging to certain orders have been shown 

to increase body size with increasing altitude, such as some Coleoptera (Smith et al., 2000; Chown 

& Klok, 2003), Hymenoptera (Ruttner et al., 2000), and Orthoptera (Rourke, 2000), among others. 

Opposite patterns, of declining body size with increasing elevational have also been found in 

Coleoptera (Chown & Klok, 2003) and Orthoptera species (Bidau & Marti, 2007), to mention only 

a few. Moreover, other insect species show no significant variation in body size along altitudinal 

gradients, such as some species of geometrid moths (Brehm & Fiedler, 2004) or Coleoptera 

(Chown & Klok, 2003). 

 

Overall, body size is considered a complex life-history trait and its variation seems to be 

determined by a range of factors, including the temperature (Kingsolver & Huey, 2008), growth 

rate and the mass gained during the developmental period (Davidowitz et al., 2004). However, 

temperature (Angilletta et al., 2004) and seasonality of resource availability (Chown & Klok, 2003) 

seem to be the main drivers of this variation. Nevertheless, body size influences the spatial scale 

at which organisms manage to access resources (Petchey & Gaston, 2006), affecting the species 

turnover at the habitat scale, but also along elevation gradients and among regions (Mason et al., 

2007). Species with life-history traits of this level of flexibility are potentially sensitive to 

environmental disturbances, most probably leading to shifts in community composition or even 

species losses as a result of environmental change, affecting the entire ecosystem functionality 

(Petchey & Gaston, 2006). 

 

Wild bees (Hymenoptera: Anthophila) were chosen as a model group for this study given their 

ecological and economical importance as pollinators and their sensitivity to anthropogenic 

disturbance (Biesmeijer et al., 2006). Human induced disturbances known to affect bee 

abundance include population isolation through habitat fragmentation (Winfree et al., 2009), 

agricultural intensity (Winfree et al., 2009), fire (Potts et al., 2006), grazing (Vazquez & Simberloff, 

2002), climate change (Kerr et al., 2015), and exposure to chemicals such as pesticides (Shuler et 

al., 2005). Thus, the identification of life-history traits that affect species sensitivity to 
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environmental disturbances will potentially support the prediction of community responses to 

such changes. 

 

The diversity of studies on life-history traits in bees, particularly body-size, have essentially 

investigated the correlation between size and: i) the species’ robustness regarding loading 

capacity (of pollen and nectar) and reproductive rate and success (Giovanetti & Lasso, 2005; Bosch 

& Vicens, 2005) ii) thermoregulatory ability (Stone, 1993; Pereboom & Biesmeijer, 2003) iii) flight 

distance capacity and consequently foraging range (Araújo et al., 2004; Greenleaf et al., 2007; 

Torné-Noguera, 2014) and iv) the influence of size on bee community assemblages in fragmented 

habitats (Wray et al., 2013).  

 

Limited research has been applied to the effects of body size and other ecological traits of bee 

responses to anthropogenic disturbance, but the limited literature reveals that body size 

inconsistently affects the way species react to environmental changes (Williams et al., 2010). As 

far as could be determined, there are only a few studies that investigated the variation in body 

size of bee species along altitudinal gradients.  

 

In the temperate climate of the Elbrus mountains in Russia, along a gradient from 50 to 2200 

m.a.s.l., the body size of an important pollinator (Apis mellifera meda) was investigated and the 

authors concluded that it followed Bergmann’s rule of increasing body size with increasing 

elevation (Rutner et al., 2000). A study conducted in the Norwegian mountains between 240 and 

1100 m.a.s.l. indicated that bee body size was larger at high elevation sites when compared to 

populations found in low elevation sites (Maad et al., 2013). In Germany, a study on the variation 

on bee’s morphometric traits along an altitudinal gradient between 641 and 2032 m.a.s.l. revealed 

that body size increased with increasing elevation, both at the community and species level (Peters 

et al., 2016). A study with the three species of Bombus in Great Britain also revealed a variation in 

body size consistent with Bergmann’s rule (Scriven et al., 2016).  

 

In Ethiopia, the variation of honey bees body size along an elevational gradient was investigated 

and an increase in body size with altitude was found (Meixner et al., 2010). Furthermore, studies 

performed in Mount Kilimanjaro revealed an overall decrease in bee species of large body size 

with increasing altitude (Schellenberger Costa et al., 2017; Classen et al., 2017), although 
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individuals within species increased were found to be on average larger with increasing elevation 

(Classen et al., 2017). 

 

Overall, the response of bee body size to increasing altitude in temperate zones matches 

Bergman’s rule. In these regions, there is a sharp decrease in temperature with altitude, and an 

increase in body size would be expected to have thermoregulatory benefits as the ability to elevate 

the thoracic temperature above the air temperature increases with body size (Stone & Wilmer, 

1989), enhancing the flight and foraging performance in cooler climates and favouring the 

colonization of higher elevations. In tropical zones similar temperature drops occurs with 

increasing altitude (Schellenberger-Costa et al., 2017; Classen et al., 2017) but the individuals body 

size variation has been reported to increase with increasing altitude while the overall body size 

within communities has been reported to decrease with increasing elevation (Classen et al., 2017). 

The steep drop in temperature with elevation is likely more pronounced across gradients with 

higher maximum altitudes like the Kilimanjaro gradient (summit at 4,000 m.a.s.l.), i.e. which are 

greater than the 1651 m summit in this study, although the temperature drop per elevation is 

similar (~ 6.1C° per 1000m in Mount Kilimanjaro compared to a decline in ~ 6.0C° per 900 m in 

the Bruco gradient). 

 

Environmental variables associated with altitude, such as precipitation, have also been found to 

indirectly impact bee body size due to the temporary shortage or abundance of foraging resources 

(Roubik, 2001; Peruquetti, 2009). In particular, higher rainfall levels have been associated with 

increased food availability and increased bee body size (Peruquetti, 2009). 

 

In this study, the relationship of wild bee body size with altitude (altitudinal range from 760 m 

a.s.l. to 1651 m a.s.l.) and associated variables such as rainfall along a tropical altitudinal gradient 

was investigated. I expect that the analysis of how altitude and rainfall gradients associated with 

the elevational transect affect bee body size will reveal how the variation in the pattern of this life-

history trait is expressed at the community and intraspecific levels. If Bergmann’s rule can be 

demonstrated along these gradients, then this would be the first demonstration of its applicability 

at different levels of biotic organization in tropical bee communities.  
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Following the results of other studies of insect body size variation along tropical altitudinal 

gradients, I hypothesize that: 

 

1. Body size will increase with altitude (assuming there are physiological constraints imposed 

by lower temperatures of the higher elevations of the upper stations of the Bruco gradient; 

Schellenberger Costa et al., 2017). Temperature gradients may only be operational in 

winter, or at dusk and dawn – periods where ambient temperatures are likely to be at their 

lowest.  

4.2. METHODOLOGY 

 
For a description of the study area, sites and sampling design refer to section 3.2. (pp. 55).  

 

4.2.1. BODY SIZE MEASUREMENTS 
 

One measure of body size – body length – was investigated along the altitudinal gradient. Body 

length (to the nearest 0.01 mm) was measured from a midpoint on the frons to the last visible 

abdominal segment, using the manual line tool (Leica EZ4 HD software), from digital images 

captured with a calibrated Leica EZ4 HD photomicroscope, following Malo & Baonza 

(2002).  Where a specimen was either larger than the field of view at lowest magnification, or had 

a reflexed abdomen, multiple images were taken, and the individual measurements then summed 

to give the entire body length. 

 

4.2.2. STATION ALTITUDE AND RAINFALL DETERMINATION 
 

The 12 sampling sites were situated from the lowest (760m.a.s.l.) to the highest (1651m.a.s.l.) 

altitudes of the transect, positioned according to groups of four points – four at the lower altitude, 

four in the middle and four at the higher elevations. Altitude was recorded in the field using a 

handheld gps (Garmin model Oregon 450) with barometrical altimeter accuracy of ±3m. 

 

Measures of annual precipitation (mm) and mean annual temperature (°C), were obtained for 

each site using Worldclim version 1.4 (1960-1990). I then tested for effects of these environmental 

variables on bee body size along the altitudinal transect. The results from correlating these 
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environmental variables and altitude (Appendix III) indicated that annual mean temperature 

declined significantly with increasing elevation (r= - 0.95, p< 0.05) and annual precipitation 

increased significantly with increasing elevation (r= 0.93, p< 0,05). 

 

4.2.3. STATISTICAL ANALYSES 
 

Linear regression was used to explore the relationship between mean body size of all bee genera 

(per the 12 sites) and altitude. Given the small number of site means, the relationship between 

altitude and mean bee body size was examined by partitioning the data into a low (sites 1-6) and 

high (7-12) altitude group, for both community (all genera) and intraspecific level (for the most 

abundant species that was represented in reasonable numbers at all sites Macrogalea candida). 

The means from the two groups were compared using an independent sample t-test. Normality 

of the two datasets was confirmed using a Shapiro-Wilk test. 

A further analysis of variance (one-way ANOVA) was conducted to compare variation among low 

(sites 1-4), middle (sites 5-8) and high (sites 9-12) elevation groups. Tukey post hoc tests were 

conducted to determine which groups had significantly different mean body lengths. 

 

All statistical procedures were performed using the computer software STATISTICA version 13.5 

and the results are presented in agreement with APA guidelines (APA, 2010). 

 

4.3. RESULTS & DISCUSSION 

 
In total, 843 bee individuals were caught with the different sampling methods and between 10 

and 20 genera per site. As can be observed in Figure 4.1, outliers were found in most sites. This 

was not unexpected, given the considerable differences in size between large-bodied genera such 

as Xylocopa and the very small meliponine bees, specifically Hypotrigona. 

 

At the community level (all individuals of all genera), body size increased significantly with 

increasing elevation (Figure 4.2) (r = 0.79, p < 0.05, N = 12). The increase in mean body size was 

partly a consequence of greater abundances of larger-bodied genera at the upper stations of the 

altitudinal gradient, e.g. Megachile and Xylocopa.  

 



Page 81 of 131 

            
Figure 4.1 – Bee genus body size variation along an altitudinal gradient. Points above and below rectangles (mean 
SE) indicate outliers and extreme outliers. Numbers of total specimens collected per site are presented on top of 
whiskers. 

 

                 
Figure 4.2 – Regression of mean bee body size with elevation at the community level. Along the gradient, bee body 
size increased with increasing altitude. 

 

 

Temperature dropped by 6 degrees at the upper stations when compared to the semi-arid, lower 

part of the transect., with annual mean temperatures of 24°C at the lower altitude of the transect 

against 18°C at the higher altitude. The correlation of larger body size with altitude is in line with 
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Bergmann’s rule (viz. mean body size being larger in colder habitats) (Figure 4.2), but this 

relationship does not necessarily imply causality, as other environmental factors may act 

synergistically with temperature in driving these changes in body size.  

 

Bee body size was positively correlated with annual precipitation, another environmental variable 

known to affect bee body size (Peruquetti, 2003). Along the transect of the study area, 

precipitation increased with increasing altitude (528mm in the lowest site to 717mm in the highest 

site) along with bee mean body size (Figure 4.3). Higher rainfall levels are associated with 

increased food availability which is thought to play a significant and positive role in bee body size 

(Periquetti, 2003). In line with the relationship between increased body size with altitude, body 

size had a significant, negative relationship with temperature (Figure 4.3). 

 

 
Figure 4.3 - Change in bee body size (mean) with a) temperature and b) precipitation along the altitudinal gradient. 
Bee body size increased along the transect presenting higher values in cooler habitats and increased with increasing 
rainfall. 

 

The independent samples t-test used to compare whether mean bee body size in higher elevations 

(1253-1651) was larger than for low elevations (760-1179) showed that the mean body size of the 

lower elevation group (mean = 5.807; SD = 2.139) differed significantly from that of the higher 

elevation group (mean = 7.205; SD = 2.462); t(116) = -3.269, p = 0,001). These results support the 

positive correlation of body size of the bee communities with altitude, as determined by the 

regressions. 

An analysis of variance (one-way ANOVA) conducted to compare variation among low (sites 1-4), 

middle (sites 5-8) and high (sites 9-12) elevation groups showed that there was a significant 

difference in mean body size between groups [F(2, 840) = 81.626, p = 0.001] (Figure 4.4). 

y=17,408-0,5411*x 
r=-0,7082 y=-4,555+0,01669*x 

r= 0,62358 
a) b) 
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Figure 4.4 - Shapiro-Wilk normality test result [W = 0.97; p = 0.90]. Histogram for the distribution of all bee genera 
mean body size (mm). 

 

The post-hoc Tukey test showed that bees from high elevation sites (1489 – 1651m.a.s.l.) 

presented a larger body size (mean = 7.90mm, SE = 0.172, N = 221) differing significantly (p < 

0.001) from bees in low elevation sites (760 – 960m.a.s.l.; mean = 5.07mm, SE = 0.144, N = 317) 

and from bees in middle elevation sites (1120 – 1305m.a.s.l.; mean = 6.58mm, SE = 0.146, N = 

305). 

 

In order to analyze variation in body size at the intraspecific level, Macrogalea candida was chosen 

as it proved to be present at all sampling sites and in sufficient abundances to allow statistical 

analyses (Figure 4.5). At the species level, body size also increased significantly with increasing 

elevation (Figure 6) (r = 0.578 for p < 0.05, N = 12). 
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Figure 4.5 – Macrogalea candida body size variation along an altitudinal gradient. Numbers of total specimens 
collected per site are presented on top of whiskers. 

 

An independent samples t-test was conducted to compare whether at the intraspecific level, mean 

bee body size of higher elevation populations (1253-1651 m.a.s.l.) was larger than of low elevation 

populations (760-1179 m.a.s.l.). There was a significant difference between the mean size of the 

lower elevation group (mean = 8.763; SD = 0.350) and the higher elevation group (mean = 9.119; 

SD = 0.132); t(10) = -2.329, p = 0.04).  

 

A further analysis of variance (one-way ANOVA) was conducted to compare variation of body size 

of M. candida among low, middle and high-altitude groups (as was done for all genera). 

Assumptions at normality checks (Shapiro-Wilk test, Figure 4.4) were met. There was no significant 

difference in mean body size between groups [F(2, 90) = 1.46, p = 0.239] (Figure 4.6).  

 

Positive associations of increasing body size with altitude were evident here in spite of the 

relatively low number of collected specimens. The distribution of wild bee body size along an 

altitudinal (and rainfall) gradient in Bruco – Serra da Chela, Angola – gives evidence of an increase 

in size with increasing elevation at different levels of biotic organization. These patterns are in 

agreement with Bergmann’s rule that explains patterns of variation in an organism’s body size by 

physiological constraints. The findings of this study indicate that, on average, all bee genera (= 
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communities) and one species present larger body size in cooler habitats with higher annual 

precipitation. 

 

                
Figure 4.6 - Change in mean body size of Macrogalea candida with elevation at the species level. Along the gradient, 
the body size increased steadily with increasing altitude. 

 

The limited research on bees’ body size variation with altitude, both in temperate or tropical 

regions, indicates an association between larger sized bees with high elevation, low temperature 

and higher rainfall environments as this trait favours bee foraging activity over a broader thermal 

range (Peters et al., 2016; Classen et al., 2017). The results from this study also substantiate the 

existence of a pattern of increasing body size with altitude, in a tropical zone and along a transect 

that experiences a steep drop of the annual mean temperature between the lower altitude (24°C) 

and summit (18°C). The existence of larger organisms that present low surface-to-volume ratios 

in cooler habitats is known to be energetically favoured due to the reduced heat loss through 

conduction (Meiri & Dayan, 2003), and it could be an explanation for the pattern observed in this 

study as the decline in temperature between the extremes of the transect is steep. This effect is 

expected to be even more pronounced during the winter (dry season) when mean temperatures 

at the lower altitude of the transect are lower than in summer (21°C) as are the ones in the summit 

(15.4°C). 

 

Other factors, that were not assessed in this study, could contribute for the increase of bee body 

size along the altitudinal gradient, namely mechanisms of adaptive plasticity through prolonged 

y= 8,2229+0,59E-3*x 
r= 0,57782 
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development times or delayed maturity (Anguilletta et al., 2004). The thermal performance of 

bees is also relevantly influenced by other morphological traits that were not evaluated in this 

analysis, such as density of thoracic hairs, length of appendages, melanisation or body hairs 

(Hodkinson, 2005), and it is possible that these anatomical responses to temperature were 

present in the bees along the gradient. M. candida is an ideal species where this can be studied, 

as it demonstrated a body increase with altitude, and was present at all sites along the altitudinal 

transect. 

 

Resource availability has also been presented as an influencing factor for bee body size variation 

along altitudinal gradients and was not considered in this study. Flower resource reduction along 

increasing elevations (Körner, 2000) restricts the energy supply available at high altitudes, 

consequently lowering harvesting rates in cooler habitats (Classen et al., 2015) and sustaining only 

smaller populations of larger organisms (Damuth, 1987). 

 

However, a potential caveat to these results is the method applied to measure bee body size. 

According to Cane (1987), "body length has allometric drawbacks, particularly for the more 

elongate and cylindrical bodies of stem-nesting taxa”, especially considering that the length of the 

metasoma is not definable because terga and sterna can easily slide in and out, potentially 

introducing errors in the measurements. For larger bees, the variation in length can be a millimetre 

or more, which is a hundred times higher than the precision of the measurement (i.e. 0.01mm). 

Measuring bee body size using intertegular distance could reduce the errors associated with 

measurements as this is considered a robust estimator of body mass (Cane, 1987). 

 

Morphological trait variations patterns along altitudinal gradients are of ecological relevance as 

they reflect the organism’s or community’s capacity to overcome changes in the environmental 

conditions. The apparent ability of M. candida to change body size in response to environmental 

conditions suggest some degree of developmental plasticity, at least in response to cold.  

 
Overall, body size of bee communities along an altitudinal gradient in Bruco showed an increase 

with increasing elevation. To my best knowledge, this constitutes the first demonstration of single 

species and community level body size increase with increasing elevation in beesin the tropics. 

Further work, considering other morphological traits as well as environment factors (e.g. resource 
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availability) may improve the understanding about organism and community responses to a 

changing climate. 
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CHAPTER 5. CONCLUSIONS 
 
5.1. GENERAL STATUS OF BIODIVERSITY IN ANGOLA 
 

The Angolan civil war lasted for twenty-seven years (1975-2002) with the associated military 

interference compromising infrastructure and scientific research. Additionally, the post-war 

period was marked by severe financial constraints that contributed to a 40 year gap in knowledge 

in all biological fields. Recently, the Angolan Ministry of Environment, in partnership with 

international organizations and some other initiatives, has been making efforts to gather 

contemporary data on the status of Angola’s biodiversity. 

 

As expected, vertebrate research and inventorying has taken priority over that of invertebrates. 

Profiles for reptiles and amphibians are receiving adequate attention and preliminary checklists 

for national parks (Ceríaco et al., 2016) and comprehensive atlases of Angola (Marques et al., 

2018) have been created. Special attention has been given to birds mainly in areas of high 

endemism such as Kumbira forest and Mount Moco, even in so far as the publication of field-

guides (Mills, 2018) and a preliminary checklist for the country, comprising 940 species (Mills & 

Melo, 2013). Preliminary checklists were also generated for two national parks (Mills et al., 2008; 

Hines, 2018a). As for terrestrial large and medium sized mammals, preliminary checklists have 

been created for six of the eight existing national parks and the reserve protecting the natural 

habitat of the giant sable (Funston et al., 2017; Overton et al., 2017; Groom et al., 2018; Elizalde 

et al., 2019). Moreover, inventories are available for the country based on online information and 

recent surveys (Taylor et al., 2018) and a biogeographical regionalization has been done 

(Rodrigues et al., 2015). Surprisingly, even a new species of primate has been discovered 

(Svensson et al., 2017), outlining the need for more detailed studies in this biodiversity-rich 

country. National vegetation checklists were created based on information collected in natural 

history collections (Figueiredo, 2009) and updated with recent field work (Goyder et al., 2019). 

Preliminary checklists for the various national parks (Hines, 2018b) are also informing conservation 

policy. A biogeographic survey of freshwater fishes has recently been created (Skelton, 2019) 

based on a preliminary checklist (Stiassny et al., 2007) and recent field work.  
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In contrast, insects have generally been neglected until recently, when information was gathered 

from natural history collections on butterflies and moths, allowing for the compilation of a national 

checklist with 792 species and subspecies (Mendes et al., 2019). The first insect survey ever 

conducted in an Angolan national park (Bicuar) with emphasis on Lepidoptera (Picker, 2018) 

produced a preliminary checklist of 94 species. Data on carabid beetles from recent surveys 

resulted in a preliminary checklist and the description of new species (Serrano et al., 2017). 

Odonata is one insect order that has been more comprehensively studied in Angola , with recent 

focus on biogeography and endemism of the fauna, generating  a National checklist of 264 species 

(Kipping et al., 2017; Kipping et al., 2019), but also including the discovery of at least 27 new 

records for Angola in 2018 alone, several of which are undescribed (Kipping pers.com.), suggesting 

that Angola might support the richest Odonata fauna in Africa. 

 

Angola is incredibly rich in terms of biomes and ecoregions, as well as climatic and biological 

diversity. Sadly, most of the contemporary research has been opportunistic, following the same 

pattern of the colonial period. Data available on online platforms, mainly from natural history 

collections, indicate that nearly half of the northern part of country (northwest) has been poorly 

surveyed – the same deficiency holds for almost two-thirds of the inaccessible eastern parts. 

Recent vertebrate surveys have also focused their efforts on the southwest (Overton et al., 2017; 

Marques et al., 2018) and southeast of the country (Funston et al., 2017) or along the escarpment 

(Mills, 2018). An ongoing biodiversity survey, starting at the central plateau and following towards 

the southeast of the country led by the Okavango Wilderness Project, is generating contemporary 

data on a region of the country that was barely known. The constant discovery of new species to 

science or new records for the country (Serrano et al., 2017; Svensson et al., 2017; Marques et al., 

2018; Kipping et al., 2019; Skelton, 2019) outline the understudied diversity of Angola. 

 

5.2. PROFILE OF HYMENOPTERA: ANTHOPHILA IN ANGOLA 
 
Knowledge on the diversity of Hymenoptera - Anthophila of Angola presents the same pattern as 

for other biological fields: outdated, reliance on opportunistic surveys and limited geographical 

coverage where only a small fraction of the country’s area has been surveyed – not surprisingly, 

many entire biomes and ecoregions are still to be surveyed.  
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By digitizing information from only one of the two entomological collections in Angola, the present 

study added 1436 records of bee genera to the 928 existing in the global platform GBIF 

(https://www.gbif.org), increasing the records almost 155%. These data augmented the number 

of historical records for 14 of the 18 provinces of the country and added records from two new 

provinces. Still, two provinces (Zaire and Cabinda) completely lack historical records and nearly 

half of the country has been very poorly surveyed. This highlights the need for taxonomic 

specialists to work on historical collections, either the existing in the country or those hosted in 

foreign countries, in order to gather all possible historical information on species distribution. 

However, once data on specimens housed at insect collections in European museums is digitized, 

especially the Portuguese that hold a great number of specimens from the pre-independence 

expeditions, this numbers will probably increase but the observed collector bias or geographical 

coverage are expected to be the same, as it has been observed for other biological groups (e.g. 

Marques et al., 2018).  

 

The historical bibliography from the pre-independence period that is not available in the country 

should also be accessed. Old literature housed in Angolan libraries is scarce, uncatalogued and 

access is extremely bureaucratic, as application for permits to access collections must be made at 

least a month in advance, as well as restricted because the access is limited to the library room 

and no copies are allowed, so information must be retrieved instantly). In spite of these 

restrictions on accessing historical data, the bibliographic revision in Chapter 2 resulted in the 

most up to date checklist of the bees of Angola, comprising 186 species. During the timeframe of 

this study, the preliminary checklist has already been updated with the obtained results adding 23 

new species records for the country and 6 genera. Therefore, the preliminary checklist of bees of 

Angola is now comprised of 209 species from 47 genera and five families. 

 

Nonetheless, the present study was limited by the lack of access to one important Angolan 

entomological collection – the Dundo Museum - and several entomological collections with type 

material from Angola held overseas, as well as by the unavailability of some of the historic 

literature. This information should be made publicly available and incorporated into any future 

profiles of Angolan bees.  
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A more structured sampling for Angolan bee diversity needs to be implemented. Apart from 

distributional data and improved taxonomic surveys, information should also be gathered on the 

pollination biology of the more important taxa, given their importance for rural crop pollination 

(Rodger et al., 2004). For a national inventory of the bees, the example of other successful regional 

surveys (e.g. Coaton & Seasby, 1972) could be followed. The survey could realistically sample half 

degree cells where one of four adjacent quarter degree cells in each half degree cells being 

sampled. This would generate presence data (there would be ~ 487 quarter degree cells needing 

to be surveyed, pending on accessibility and other limitations such as the presence of land-mines). 

Standardized collecting methods with equal sampling intensity/site (sweep transects, pan and 

malaise traps) would need to be employed. Pending on resources, sampling could be undertaken 

in both dry and rainy seasons. Nevertheless, high frequency sampling (every 7-10 days), 

particularly in spring when bee diversity and density reach a peak, is important for the collection 

of rare species, or species that are only active over short periods (Banaszak et al., 2014). Protocols 

of cooperation should be implemented with taxonomic experts around the world so that collected 

specimens could be outsourced for identification. In order to support future taxonomy and 

systematical work in Angola, type material could be hosted at the Natural History Museum in 

Luanda to serve as reference for species identification. 

 

In conservation planning, individual taxonomic groups are frequently used as surrogates for total 

biodiversity, although for a reliable proxy of total species richness a range of biome-specific taxa 

should be used (Larsen et al., 2009). Knowledge on Angolan Odonata diversity and distribution 

(Kipping et al., 2017) is advanced but this group is likely to serve mostly as a surrogate taxon for 

other freshwater taxa. Bees being a monophyletic group of ecologically important insects, with 

their high richness and abundance (Klein et al., 2003) are well-suited as terrestrial habitat 

bioindicators (Tscharntke et al., 1998; Tylianakis et al., 2004; Sheffield et al., 2013). The group is 

sensitive to environmental disturbances (Biesmeijer et al., 2006), relies upon local plant 

communities and comprises an assemblage of species with varying social structure, nesting guilds 

are life history traits (Williams et al., 2010). Additionaly, bees are likely more susceptible to 

negative effects of small effective population size (Zayed & Packer, 2005). These determine the 

individual and community response to environmental changes. Given the limited resources and 

the comparatively well-studied status of Angolan bees (certainly in comparison to other insect 

taxa) they would appear to be a suitable surrogate group for other insects and a national inventory 
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and spatially explicit database of the taxa would assist in the identification of areas with 

exceptional richness or endemism. 

 

5.3. ALTITUDINAL GRADIENTS AND BEE COMMUNITIES 
 

In nature, ecosystem services such as pollination are provided by a number of species that 

increases monotonically with increasing spatial scale, as different species perform the same 

functions in different locations (Anderson et al., 2011).  Species turnover across habitats is 

particularly evident in heterogeneous landscapes such as those existing along large altitudinal 

gradients (Paritsis & Aizen, 2008), because bee species richness and assemblage composition are 

affected by species interactions, resources and nesting site availability (Tscharntke et al., 2005). 

Another factor that contributes to the ecosystem service provision is the fact that natural 

ecological communities are composed by a few dominant species, which are in numerical 

advantage and provide most of the functionality (Kleijn et al., 2015), with the numerous rare 

species (McGill et al., 2007) contributing significantly to pollination at specific locations and 

possibly being oligolectic and essential to a single plant taxon (Kremen et al., 2002). The effects of 

species turnover and dominance are thus felt in parallel (Anderson et al., 2011). 

 

Altitudinal gradients have been used as model systems for changes in the climatic conditions in an 

attempt to analyze the effect of environmental variables in bee community assemblages, both in 

temperate (Hoiss et al., 2012) and tropical (Perillo et al., 2017) regions across small spatial scales. 

A pattern of linear decline in species richness and abundance with increasing altitude was found 

in both regions (Hoiss et al., 2012; Perillo et al., 2017). Along tropical altitudinal gradients, variation 

in environmental variables such as altitude, precipitation, topography and soil type regulate the 

distribution of vegetation (Holland & Steyn, 1975), which in turn is expected to affect bee 

community assemblage. Temperate gradients are more likely to impose direct physiological 

constraints on species diversity and community composition. While bee species richness and life-

history can be explained by a combination of biotic and abiotic factors, temperature seems to be 

a main contributor both in temperate and tropical environments (Hoiss et al., 2012; Classen et al., 

2015). Bees are expected to suffer strong selection pressure at high altitudes due to the cooler 
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conditions, experiencing physiological changes in life-history traits such as body size or coloration 

in order to improve thermoregulation (Hoiss et al., 2012; Peters et al., 2016). 

 

In contrast to the results obtained in other studies in the tropics, I found an increase in bee 

diversity (carried out at the generic level) with increasing altitude. In addition, community 

structure differed along the gradient, with distinctive communities in low elevation sites being 

dominated by Braunsapis, Ceratina, Hypotrigona and Anthidiellum, and high elevation sites the 

distinctive communities were dominated by Amegilla, Macrogalea, Patellapis and Xylocopa. This 

result might be consistent with findings from studies of other taxa that attribute to the Angolan 

escarpment an importance as center of endemism and speciation (e.g. Kipping et al., 2017; Dean 

et al., 2019). Angola’s topography is generally characterized by i) the coastal lowland strip that lies 

below 200m; ii) the western mountain chain that abruptly rises 1000m; iii) the central plateau, 

between 1400 and 1800m; and iv) a few peaks like Mount Moco (2620m), Serra da Neve (2400), 

or Mount Namba (2200) (Diniz, 2006). The escarpment mountain chain is thought to create a 

barrier between the species adapted to the arid environments of the coastal lowlands and the 

ones adapted to the miombo woodlands that cover the central plateau, therefore creating a steep 

ecological gradient with high species turnover (Hall, 1960). 

 

The results from this study are possibly explained by a combination of factors (Classen et al., 2015) 

where the exceptional geomorphology and landscape shape the (direct) influence of 

environmental variables such as temperature and precipitation on the vegetation communities 

along the gradient therefore (indirectly) affecting bee community assemblages, particularly for 

the more specialized bee genera and species (Wcislo, 1996). 

 

5.4. BEES BODY SIZE VARIATION ALONG ALTITUDINAL GRADIENTS 
 

Globally, seasonal variation in ambient temperature is greater in temperate regions when 

compared to the tropics, and a similar pattern is observed for temperature overlap between 

different altitudes along elevation gradients, with greater overlap between sites in temperate 

locations (Ghalambor et al., 2006). Additionally, daily oscillations in temperature are also larger in 

high-altitude locations in the tropical zones than the fluctuations observed in temperate climates, 

for the same altitude (Ghalambor et al., 2006). Therefore, the contrast in temperature between 
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sites at the extremes of tropical elevation gradients acts as a physiological barrier, favoring the 

presence of organisms with higher tolerance to temperature variation in cooler climatic conditions 

and, consequently, increasing species turnover along the gradient (Ghalambor et al., 2006). 

However, in addition to turnover, some species have sufficient phenotypic plasticity in life-history 

traits - such as body size - to adapt to thermal constraints along the gradient, including those 

imposing access to resources (e.g. foraging) (Mason et al., 2007). 

 

Smaller organisms experience faster rates of heat loss than do large bodied organisms, and are 

thus less tolerant of cooler habitats (Peters et al., 2016) as the energy costs associated with 

thermoregulation will be higher (Stabentheiner & Kovac, 2014) and foraging efficacy reduced and 

limited to periods of higher temperatures (Buckley & Kingsolver, 2012). When weather conditions 

are optimal, bees tend to forage in sunshine using solar radiation to warm up (Kovac & 

Stabentheiner, 2011).  

 

Most bee species overcome these constraints of ectothermic organisms with varying degrees of 

endothermy - some producing heat with the thoracic muscles, elevating thoracic temperature 

above the ambient temperature, allowing them to explore the resources even at cooler 

temperatures or overcast conditions (Stabentheiner et al., 2012). Small bodied bees are thus still 

at a disadvantage in colder environments as they suffer tremendous heat loss when foraging at 

low temperatures, while large bodied bees are not just faster at increasing their thoracic 

temperatures but also have a slower heat loss (Bishop & Armbruster, 1999). Thermoregulatory 

capacity of bee species belonging to different families has been proved to be related to body size 

since large bodied bees have higher thermoregulatory ability and start foraging earlier and at 

lower temperatures than small bodied species (Bishop & Armbruster, 1999), increasing the 

resource exploitation as nectar levels are usually higher in the early morning (Wright, 1988). Life-

history traits such as body size and thermal physiology have been shown to significantly contribute 

to the performance of bees in cold climatic conditions and consequently strongly influence the 

phenology in community structure (Osorio-Canadas et al., 2016). Thus, bee communities are 

expected to be composed of organisms with different thermoregulatory abilities comprising large 

bodied endothermic species and small bodied ectothermic solitary species (Bishop & Armbruster, 

1999). The large bodied species (above a determined threshold) are expected to follow 
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Bergmann’s rule, with small bodied bees following different patterns (Osorio-Canadas et al., 

2016). 

 

Limited research has been done on the variation of bee body size along altitudinal gradients, but 

the few studies that have been carried out indicate that future changes (warming) in climatic 

conditions will most probably alter bees body size (by reduction), consequently affecting their 

thermoregulatory capacity and, at a larger scale, the overall patterns of community assembly 

(Osorio-Canadas et al., 2016). Even along the tropical altitudinal gradient of this study, bee body 

size was found to increase with altitude by 58% (mean length at lower altitude = 5.06mm against 

mean = 7.99mm at higher altitude elevation sites) at the community level but also at the intra-

specific level, with Macrogalea candida increasing 4% in size between the lower altitude and 

summit of the transect (mean length at lower altitude = 8.76mm against mean = 9.12mm at higher 

altitude elevation sites), suggesting that the fairly small temperature gradient along the transect 

was sufficient to select for body size – either directly, but more likely through multiple avenues, 

including indirect effects such as changes in rainfall, plant community composition and plant 

phenology. 

 

Studies of variation of body size at the intra-specific level and along altitudinal gradients, where 

the number of influencing variables is more limited when compared to coarser geographical 

scales, could be useful to contribute to the understanding of the underlying factors that affect 

turnover and change in community structure. Future research on the variation of bee body size 

should then focus on a single and common species, evaluate its thermal physiology and investigate 

the existence of patterns of physiological adaptions along a gradient of altitude. 

 

5.5. GENERAL CONCLUSIONS 
 

Wild bees are important pollinators for both the native plant community and mass flowering 

agricultural crops (Carvalheiro et al., 2011). Yet, the factors that generate the diversity and 

composition of their communities are poorly-known for tropical systems. E.g. community 

structure is strongly influenced by the landscape context in the tropical regions, increasing the 

abundance of eusocial bee species at the forest edge in contrast to a decrease on deforested areas 
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(Brosi et al., 2007). Conservation of native forest is critical for the sustainability of wild bee 

diversity, assuring an efficient pollination of native plants while contributing to an improved 

pollination of agricultural crops (Carvalheiro et al., 2011, 2012). 

 

The Afromontane forest existing along the altitudinal transect of Bruco pass has been mostly well 

preserved along the years since the area is extremely inaccessible. The recent (2012) rehabilitation 

of an old trail that connects the higher altitude and lower altitude of the transect, as well as the 

creation of a technical agriculture school at the lower altitude and rehabilitation of one in the 

higher altitude, have provided better access to the area and increased the livelihood alternatives 

for the few small  villagers who live along the transect (e.g. charcoal exploration, cattle grazing, 

etc.). The effects of these activities are already evident as both schools have a high demand for 

agricultural products and charcoal which is severely contributing for a local increase in 

deforestation. A land management program that combines the natural forest with flowering crops 

could improve productivity while reducing the need to expand the area occupied by crops 

(Carvalheiro et al., 2011) - while at the same time assuring livelihood sustainability to those 

isolated populations. This could be accompanied by the implementation of efficient cookstoves in 

both schools and within the population, in order to reduce charcoal dependency (Johnson & 

Chiang, 2015).  

 

Effective conservation planning is highly dependent on robust, spatially explicit biodiversity data. 

The generation of comprehensive insect profiles through long term monitoring studies at the 

national level can identify areas with high species turnover and endemism – patterns that could 

be missed if only vertebrate data were considered. In under-developed countries like Angola, 

where a poorly documented but highly rich biodiversity is severely threatened by unregulated land 

use, and research is hampered by financial constraints and lack of human resources, the combined 

use of indicator taxa for both terrestrial (bees) and freshwater (Odonata) environments might be 

a reasonable surrogate for total biodiversity status assessments.  

 

The implementation of cooperation programs with experts from regional (e.g. the Plant protection 

research institute - Agricultural research council, South Africa; Iziko Museum – Cape Town) or 

international institutions (e.g. Smithsonian Institution - USA) could improve national capacity, as 

would the integration of initiatives such as the African Pollinator Initiative (API). A successful 
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example of how such cooperation contributes to enhance the scientific knowledge on Angola’s 

biodiversity and allows for informed decision-making processes is the Okavango Wilderness 

Project. Through several expeditions starting in 2015, an interdisciplinary team of scientists and 

explorers has gathered data on the biodiversity and socio-economic profile of resident the human 

population of the Okavango watershed, not only making exciting scientific discoveries (e.g. 

potentially 34 new species to science, actualization of distribution ranges, among others; 

Okavango wilderness project, 2017) but also inducing the creation of a new conservation area in 

Angola with ~ 72,000km2. 

 

Angola’s is unique in ecosystem diversity and for keeping vast wilderness areas, with pristine 

habitats and an incredibly rich biodiversity. Further research in this challenging but exciting 

country is urgently needed in all biological fields to contribute for effective and scientifically 

informed conservation planning. 
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APPENDIX I - List of bibliography on Angolan beekeeping from the colonial 
period that were not physically available on the visited Angolan libraries or on 
digital libraries: 
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Appendix II - Preliminary checklist of bee species (Insecta: Hymenoptera: Antophila) for Angola – bibliographic revision* 

* All sp. records were not considered for the final number of bee species. Only one example or online reference is mentioned. 
** List of references and online sources used for this revision. 
 

Family Andrenidae 
Species list 

 
Reference & Notes 

 
URL 

Melitturga capensis Brauns, 1912  https://www.discoverlife.org/mp/20q?search=Melitturga+capensis&flags=subgenus: 
Melitturga flavomarginata Patiny, 2000 Eardley & Urban, 2010 http://www.waspweb.org/Apoidea/Andrenidae/Panurginae/Melitturga/index.htm 
Meliturgula scriptifrons Walker, 1971 Eardley & Urban, 2010  

syn. Meliturgula minima, Friese http://www.waspweb.org/Apoidea/Andrenidae/Panurginae/Meliturgula/index.htm 

 
 

Family Apidae 
Species list 

 
Reference & Notes 

 
URL 

Allodape derufata Strand Eardley & Urban, 2010 
? syn. Allodape mea derufata Strand, 1912  

Allodape mirabilis Schulz, 1906 ? syn. Allodape mea derufata Strand, 1912 http://www.gbif.org/occurrence/856590066 
Amegilla acraensis Fabricius, 1793 Eardley & Urban, 2010 http://www.waspweb.org/Apoidea/Apidae/Apinae/Anthophorini/Amegilla/index.htm 
Amegilla africana Friese, 1905  https://www.gbif.org/occurrence/991930952 
Amegilla albocaudata Dours, 1869   https://www.gbif.org/occurrence/991930376 
Amegilla atrocincta Lepeletier, 1841 Eardley & Urban, 2010 http://www.waspweb.org/Apoidea/Apidae/Apinae/Anthophorini/Amegilla/index.htm 
Amegilla caerulea Friese, 1905 Eardley & Urban, 2010 http://www.waspweb.org/Apoidea/Apidae/Apinae/Anthophorini/Amegilla/index.htm 
Amegilla calens Lepeletier, 1841 Eardley & Urban, 2010 http://www.waspweb.org/Apoidea/Apidae/Apinae/Anthophorini/Amegilla/index.htm 
Amegilla capensis Friese, 1905 Eardley & Urban, 2010 http://www.waspweb.org/Apoidea/Apidae/Apinae/Anthophorini/Amegilla/index.htm 
Amegilla cincta Fabricius, 1781  http://www.gbif.org/occurrence/991930947 
Amegilla elsei Brooks, 1988 Eardley & Urban, 2010 http://www.waspweb.org/Apoidea/Apidae/Apinae/Anthophorini/Amegilla/index.htm 
Amegilla langi Cockerell, 1935  http://www.gbif.org/occurrence/1275016633 
Amegilla mimadvena Cockerell, 1916 Results from this study  
Amegilla nubica Lepeletier, 1841  syn. Anthophora nubica Lepeletier, 1841 https://www.gbif.org/occurrence/1275016552 
Amegilla obscuriceps Friese, 1905  http://www.gbif.org/occurrence/1275016553 
Amegilla paradoxa Brooks, 1988  http://www.gbif.org/occurrence/991930358 
Amegilla penicula Eardley, 1994 Results from this study  
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Family Apidae 
Species list 

 
Reference & Notes 

 
URL 

Amegilla spilostoma Cameron, 1905  http://www.gbif.org/occurrence/1275016574 
Amegilla velutina Friese, 1909  http://www.gbif.org/occurrence/1275016631 
Amegilla vivida Smith, 1879  http://www.gbif.org/occurrence/991930986 
Anthophora angolensis Dalla Torre, 1896 Eardley & Urban, 2010 https://www.discoverlife.org/mp/20l?id=AMNH_BEES121804 
Anthophora armata Friese, 1905 Eardley & Urban, 2010 https://www.discoverlife.org/mp/20l?id=AMNH_BEES121837 
Anthophora auone Eardley and Brooks, 1989 Eardley & Urban, 2010 https://www.gbif.org/occurrence/1275010600 
Anthophora joetta Brooks, 1988 Eardley & Urban, 2010 https://www.discoverlife.org/mp/20l?id=AMNH_BEES122752 
Anthophora oldi Meade-Waldo, 1914 Eardley & Urban, 2010 https://www.gbif.org/occurrence/1092726361 
Anthophora rufolanata Dours, 1869  

http://www.gbif.org/occurrence/1275016577 
Anthophora vestita Smith, 1854 Eardley & Urban, 2010 https://www.gbif.org/occurrence/1275016583 
Apis mellifera adansonii Latreille, 1804 Rosário-Nunes & Tordo, 1960 

 
Apis mellifera unicolor Latreille, 1802 Rosário-Nunes & Tordo, 1960 

 
Apis mellifera intermissa Linnaeus, 1758 Rosário-Nunes & Tordo, 1960 

 
Braunsapis albipennis Friese, 1909  http://www.gbif.org/occurrence/1275016643 
Braunsapis albitarsis Friese, 1924 syn. Paratetrapedia albitarsis http://www.gbif.org/occurrence/856592509 
Braunsapis angolensis Cockerell,1933  Eardley & Urban, 2010 http://www.waspweb.org/Apoidea/Apidae/Xylocopinae/Allodapini/Braunsapis/index.htm 
Braunsapis bouyssoui Vachal, 1903   http://www.waspweb.org/Apoidea/Apidae/Xylocopinae/Allodapini/Braunsapis/index.htm 
Braunsapis calidula Cockerell, 1908  Eardley & Urban, 2010 http://www.waspweb.org/Apoidea/Apidae/Xylocopinae/Allodapini/Braunsapis/index.htm 
Braunsapis facialis Gerstaecker, 1858 Eardley & Urban, 2010 http://www.waspweb.org/Apoidea/Apidae/Xylocopinae/Allodapini/Braunsapis/index.htm 
Braunsapis foveata Smith, 1854  Eardley & Urban, 2010 http://www.waspweb.org/Apoidea/Apidae/Xylocopinae/Allodapini/Braunsapis/index.htm 
Braunsapis langenburgensis Strand, 1915  http://www.gbif.org/occurrence/287263017 
Braunsapis leptozonia Vachal, 1909  Eardley & Urban, 2010 

http://www.waspweb.org/Apoidea/Apidae/Xylocopinae/Allodapini/Braunsapis/index.htm 
Braunsapis natalica Michener, 1970  Eardley & Urban, 2010 http://www.waspweb.org/Apoidea/Apidae/Xylocopinae/Allodapini/Braunsapis/index.htm 
Braunsapis otavica Cockerell, 1939   https://www.gbif.org/occurrence/1275022456 
Braunsapis rhodesi Cockerell, 1936  http://www.gbif.org/occurrence/287263103 
Braunsapis rolini Vachal, 1903 Results from this study  
Braunsapis vitrea Vachal, 1903  Eardley & Urban, 2010 http://www.waspweb.org/Apoidea/Apidae/Xylocopinae/Allodapini/Braunsapis/index.htm 
Ceratina aereola Vachal, 1903 Eardley & Urban, 2010 https://www.discoverlife.org/mp/20l?id=AMNH_BEES107125 
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Family Apidae 
Species list 

 
Reference & Notes 

 
URL 

Ceratina aloes Cockerell, 1932 Results from this study  
Ceratina ericia Vachal, 1903 Eardley & Urban, 2010 https://www.gbif.org/occurrence/1275016581 
Ceratina inermis Friese, 1905 Results from this study  
Ceratina labrosa Friese, 1905  http://www.gbif.org/occurrence/1275016601 
Ceratina linola Vachal, 1903 Results from this study  
Ceratina moerenhouti Vachal, 1903 Eardley & Urban, 2010 https://www.discoverlife.org/mp/20l?id=AMNH_BEES108346 
Ceratina nasalis Friese, 1905 Results from this study  
Ceratina nigriceps Friese, 1905 Results from this study  
Ceratina nyassensis Strand, 1912 Results from this study  
Ceratina pennicillata Friese, 1905 Eardley & Urban, 2010  
Ceratina rossi Daly, 1988 Eardley & Urban, 2010 https://www.discoverlife.org/mp/20l?id=AMNH_BEES108677 
Ceratina rufogastra Cockerell, 1937 Results from this study  
Ceratina tanganycensis Strand, 1911 Results from this study  
Ceratina viridis Guèrin, 1845 Eardley & Urban, 2010  
Cleptotrigona cubiceps Friese, 1912 Eardley & Urban, 2010 

Syn. Lestrimellita cubiceps http://www.gbif.org/occurrence/1092734210 
Compsomelissa stigmoides Michener, 1971 Results from this study  
Dactylurina staudingeri Gribodo, 1893 Eardley & Urban, 2010 https://www.gbif.org/occurrence/1092734354 
Hypotrigona araujoi Michener, 1959  Eardley & Urban, 2010 http://www.waspweb.org/Apoidea/Apidae/Apinae/Meliponini/Hypotrigona/index.htm 
Hypotrigona gribodoi Magretti, 1884 Eardley & Urban, 2010 http://www.waspweb.org/Apoidea/Apidae/Apinae/Meliponini/Hypotrigona/index.htm 
Hypotrigona ruspolii Magretti, 1898  Eardley & Urban, 2010 

Syn. Liotrigona bouyssoui http://www.waspweb.org/Apoidea/Apidae/Apinae/Meliponini/Hypotrigona/index.htm 
Liotrigona bottegoi Magretti, 1895 Eardley & Urban, 2010 http://www.gbif.org/occurrence/1092738520 
Liotrigona parvula Darchen, 1971  https://www.gbif.org/occurrence/1092739696 
Macrogalea candida Smith, 1879 Eardley & Urban, 2010 https://www.gbif.org/occurrence/1275016570 
Meliponula beccarii Gribodo, 1879  Eardley & Urban, 2010 

Syn. Meliplebeia beccarii http://www.waspweb.org/Apoidea/Apidae/Apinae/Meliponini/Meliponula/index.htm 
Meliponula bocandei Spinola, 1853  Eardley & Urban, 2010  

syn. Melipona bocandei Spinola, 1853 http://www.waspweb.org/Apoidea/Apidae/Apinae/Meliponini/Meliponula/index.htm 
Meliponula ferruginea Lepeletier, 1841 Eardley & Urban, 2010 

de Portugal-Araújo, 1955 http://www.waspweb.org/Apoidea/Apidae/Apinae/Meliponini/Meliponula/index.htm 
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Family Apidae 
Species list 

 
Reference & Notes 

 
URL 

syn. Axestotrigona ferruginea; Meliponula 
erythra  
 

Meliponula lendliana Friese, 1900 Eardley & Urban, 2010 http://www.waspweb.org/Apoidea/Apidae/Apinae/Meliponini/Meliponula/index.htm 
Pasites dichroa Smith, 1854 Eardley & Urban, 2010 https://www.gbif.org/occurrence/658522953 
Tetralonia caudata Friese, 1905 Results from this study  
Tetralonia cinctula Cockerell, 1936  http://www.gbif.org/occurrence/1275016558 
Tetralonia macrognatha Gerstäcker, 1870 Eardley & Urban, 2010 https://www.gbif.org/occurrence/1275016588 
Tetralonia penicillata Friese, 1905  http://www.gbif.org/occurrence/1092787498 
Tetraloniella watmoughi Eardley, 1989 Eardley & Urban, 2010 https://www.discoverlife.org/mp/20l?id=AMNH_BEES120235 
Thyreus abyssinicus Radoszkowski, 1873 Eardley & Urban, 2010 https://www.gbif.org/occurrence/894574802 
Thyreus bouyssoui Vachal, 1903 Eardley & Urban, 2010 https://www.discoverlife.org/mp/20l?id=AMNH_BEES125047 
Thyreus calceatus Vachal, 1903  https://www.gbif.org/occurrence/1275016609 
Thyreus meripes Vachal, 1903 Eardley & Urban, 2010 https://www.gbif.org/occurrence/894574834 
Thyreus niloticus Cockerell, 1937  https://www.gbif.org/occurrence/894574913 
Thyreus pictus Smith, 1854 Eardley & Urban, 2010 https://www.gbif.org/occurrence/894575022 
Thyreus somalicus Strand, 1911 Results from this study  
Thyreus tschoffeni Vachal, 1903 Eardley & Urban, 2010 https://www.gbif.org/occurrence/894575132 
Thyreus vachali Friese, 1905 Results from this study  
Xylocopa africana Fabricius, 1781 Eardley & Urban, 2010 https://www.discoverlife.org/mp/20q?search=Xylocopa+africana&flags=subgenus: 
Xylocopa albiceps Fabricius, 1804 Eardley & Urban, 2010 https://www.discoverlife.org/mp/20q?act=x_ant&path=Insecta/Hymenoptera/Apoidea/Apid

ae/Xylocopa/albiceps&name=Xylocopa+albiceps&guide=Bees_Ghana&authority=Fabricius,+1
804 

Xylocopa caffra Linnaeus, 1767 Eardley & Urban, 2010 
https://www.gbif.org/pt/occurrence/2029380639 

Xylocopa calens Lepeletier, 1841 Eardley & Urban, 2010 https://www.discoverlife.org/mp/20l?id=GBIF287272661 
Xylocopa chiyakensis Cockerell, 1908 Eardley & Urban, 2010  
Xylocopa combusta Smith, 1854 Eardley & Urban, 2010 https://www.gbif.org/occurrence/2029385325 
Xylocopa erythrina Gribodo, 1894  https://www.discoverlife.org/mp/20l?id=GBIF287272904 
Xylocopa flavicollis DeGeer, 1778 syn. Xylocopa divisa https://www.gbif.org/pt/occurrence/2443208847 
Xylocopa flavorufa DeGeer, 1778 Eardley & Urban, 2010 https://www.gbif.org/occurrence/2029380855 
Xylocopa hottentotta Smith, 1854  Eardley & Urban, 2010  
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Family Apidae 
Species list 

 
Reference & Notes 

 
URL 

Xylocopa imitator Smith, 1854 Eardley & Urban, 2010 https://www.discoverlife.org/mp/20l?id=GBIF287273620 
Xylocopa inconstans Smith, 1874 Eardley & Urban, 2010 https://www.discoverlife.org/mp/20l?id=AMNH_BEES105908 
Xylocopa lugubris Gerstacker, 1857 Eardley & Urban, 2010 https://www.gbif.org/occurrence/2443798735 
Xylocopa mixta Radoszkowski, 1881  Eardley & Urban, 2010 https://www.gbif.org/occurrence/894565349 
Xylocopa modesta Smith, 1854 Eardley & Urban, 2010 https://www.discoverlife.org/mp/20l?id=AMNH_BEES106206 
Xylocopa nigrita Fabricius, 1775 Eardley & Urban, 2010 https://www.discoverlife.org/mp/20l?id=AMNH_BEES106291 
Xylocopa obscurata Smith, 1854 Eardley & Urban, 2010 https://www.discoverlife.org/mp/20l?id=AMNH_BEES106313 
Xylocopa olivacea Fabricius, 1778 Eardley & Urban, 2010 https://www.gbif.org/occurrence/2029379289 
Xylocopa orthosiphonis Cockerell, 1908 Eardley & Urban, 2010 https://www.discoverlife.org/mp/20l?id=AMNH_BEES106368 
Xylocopa rufitarsis Lepeletier, 1841 Eardley & Urban, 2010 https://www.discoverlife.org/mp/20l?id=AMNH_BEES106543 
Xylocopa senior Vachal, 1899 Eardley & Urban, 2010 https://www.discoverlife.org/mp/20l?id=AMNH_BEES106593 
Xylocopa torrida Westwood, 1838 Eardley & Urban, 2010 https://www.discoverlife.org/mp/20l?id=AMNH_BEES106706 
Xylocopa varipes Smith, 1854  https://www.gbif.org/occurrence/894564674 
Xylocopa wellmani Cockerell, 1906 Eardley & Urban, 2010 https://www.discoverlife.org/mp/20l?id=AMNH_BEES107060 

 
Family Colletidae 
Species List 

 
Reference & Notes 

 
URL 

Colletes spp  https://www.gbif.org/occurrence/2029380381 
Hylaeus binotatus Alfken, 1914 Eardley & Urban, 2010 http://www.waspweb.org/Apoidea/Colletidae/Hylaeinae/Hylaeus/index.htm 
Hylaeus cribratus Bridwell, 1919 Eardley & Urban, 2010 http://www.waspweb.org/Apoidea/Colletidae/Hylaeinae/Hylaeus/index.htm 

 
 

Family Halictidae 
Species list 

 
Reference & Notes 

 
URL 

Cellariella kalaharica Cockerell, 1936 Eardley & Urban, 2010 https://www.discoverlife.org/mp/20q?search=Cellariella+kalaharica&flags=subgenus: 
Cellariella somalica Magretti, 1899 

Eardley & Urban, 2010 
https://www.discoverlife.org/mp/20q?search=Cellariella+somalica&flags=subgenus:&mobil
e=1 

Ceylalictus congoensis Pesenko & Pauly, 2005 Eardley & Urban, 2010 http://www.waspweb.org/Apoidea/Halictidae/Nomioidinae/Ceylalictus/index.htm 
Ceylalictus muiri Cockerell, 1909 Eardley & Urban, 2010 https://www.discoverlife.org/mp/20q?search=Ceylalictus+muiri&flags=col2:subgenus: 
Eupetersia spp Results from this study  
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Family Halictidae 
Species list 

 
Reference & Notes 

 
URL 

Halictus geigeriae Cockerell, 19808 Eardley & Urban, 2010  
Lasioglossum creightoni Cockerell, 1908 Eardley & Urban, 2010 http://www.waspweb.org/Apoidea/Halictidae/Halictinae/Lasioglossum/index.htm 
Lasioglossum michaelseni Friese, 1916  Eardley & Urban, 2010 http://www.waspweb.org/Apoidea/Halictidae/Halictinae/Lasioglossum/index.htm 
Lipotriches cirrita Vachal, 1903 Eardley & Urban, 2010 https://www.discoverlife.org/mp/20q?search=Lipotriches+cirrita&flags=subgenus: 
Lipotriches collaris Vachal, 1903 Pauly, 2014 https://www.discoverlife.org/mp/20q?search=Lipotriches+collaris&flags=subgenus: 
Lipotriches hylaeoides Gerstäcker, 1857 Pauly, 2014; Eardley & Urban, 2010 https://www.discoverlife.org/mp/20q?search=Lipotriches+hylaeoides&flags=subgenus: 
Lipotriches natalensis Cockerell, 1916 Eardley & Urban, 2010 

syn. Lipotriches johannis Cockerell, 1916 

https://www.discoverlife.org/mp/20q?act=x_ant&path=Insecta/Hymenoptera/Apoidea/Hali
ctidae/Lipotriches/natalensis&name=Lipotriches+natalensis&guide=Bees_Ghana&authority
=(Cockerell,+1916)&mobile=close 

Lipotriches notabilis notabilis Schletterer, 1891 Pauly, 2014 https://www.gbif.org/species/100250145 
Lipotriches panganina Pauly, 1990  https://www.gbif.org/occurrence/1224580761 
Lipotriches predonta Pauly, 2014 Pauly, 2014 https://www.discoverlife.org/mp/20q?search=Lipotriches+predonta&flags=subgenus: 
Lipotriches tridentata Smith, 1875 Eardley & Urban, 2010 https://www.discoverlife.org/mp/20q?search=Lipotriches+tridentata&flags=subgenus: 
Lipotriches welwitschi Cockerell, 1908 Pauly, 2014; Eardley & Urban, 2010 https://www.discoverlife.org/mp/20q?search=Lipotriches+welwitschi&flags=col5:subgenus: 
Nomia amabilis Cockerell, 1908  Eardley & Urban, 2010 https://www.discoverlife.org/mp/20q?search=Nomia+amabilis&flags=subgenus: 
Nomia rufitarsis Smith, 1875 Eardley & Urban, 2010 https://www.discoverlife.org/mp/20q?search=Nomia+rufitarsis&flags=subgenus: 
Nomia scitula Bingham, 1903 Eardley & Urban, 2010 https://www.discoverlife.org/mp/20q?search=Nomia+scitula&flags=subgenus: 
Pseudapis aliceae Cockerell, 1935   

Eardley & Urban, 2010 
https://www.discoverlife.org/mp/20q?search=Pseudapis+aliceae&flags=col5:subgenus:&mo
bile=1 

Pseudapis anthidioides Gerstäcker, 1857 Eardley & Urban, 2010 https://www.discoverlife.org/mp/20q?search=Pseudapis+anthidioides&flags=subgenus: 
Pseudapis cinerea Friese, 1930 Eardley & Urban, 2010 https://www.discoverlife.org/mp/20q?search=Pseudapis+cinerea&flags=subgenus: 
Pseudapis interstitinervis Strand, 1912 Eardley & Urban, 2010 https://www.discoverlife.org/mp/20q?search=Pseudapis+interstitinervis&flags=subgenus: 
Pseudapis usakoa Cockerell, 1939  Eardley & Urban, 2010 https://www.discoverlife.org/mp/20q?search=Pseudapis+usakoa&flags=col4:subgenus: 
Seladonia centrosa Vachal, 1903 Eardley & Urban, 2010  
Seladonia hotoni Vachal, 1903 Eardley & Urban, 2010 http://www.atlashymenoptera.net/pagetaxon.asp?tx_id=1764 
Seladonia jucundus Smith, 1853 Eardley & Urban, 2010 

syn. Halictus jucundus https://www.discoverlife.org/mp/20q?search=Halictus+jucundus&flags=subgenus: 
Seladonia seminiger Cockerell, 1937 Eardley & Urban, 2010 

syn. Halictus seminiger https://www.discoverlife.org/mp/20q?search=Halictus+seminiger&flags=subgenus: 
Sphecodes spp Latreille, 1804  http://www.gbif.org/occurrence/785001778 
Thrinchostoma orchidarum Cockerell, 1908  Eardley & Urban, 2010 http://www.waspweb.org/Apoidea/Halictidae/Halictinae/Thrinchostoma/index.htm 
Thrinchostoma othonnae Cockerell, 1908  Eardley & Urban, 2010 http://www.waspweb.org/Apoidea/Halictidae/Halictinae/Thrinchostoma/index.htm 
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Thrinchostoma wellmanni Cockerell, 1908  Eardley & Urban, 2010 http://www.waspweb.org/Apoidea/Halictidae/Halictinae/Thrinchostoma/index.htm 
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Reference & Notes 

 
URL 

Afranthidium minutulum Friese, 1905  Eardley & Urban, 2010  
Afroheriades spp Results from this study  
Anthidiellum eritrinum Friese, 1915 Results from this study  
Anthidiellum polyochrum Mavromoustakis, 
1937  http://www.gbif.org/occurrence/1275016627 
Anthidioma spp Results from this study  
Anthidium severini Vachal, 1903 syn. Anthidium severini eriksoni 

Mavromoustakis http://www.gbif.org/occurrence/1224583750 
Coelioxys planidens Friese, 1904  https://www.discoverlife.org/mp/20l?id=AMNH_BEES99084 
Coelioxys setosa Friese, 1904 

Eardley & Urban, 2010 
https://www.discoverlife.org/mp/20q?search=Coelioxys+setosus&guide=Coelioxys_female&f
lags=subgenus: 

Coelioxys torrida Smith, 1854 
Eardley & Urban, 2010 

https://www.discoverlife.org/mp/20q?act=x_ant&path=Insecta/Hymenoptera/Apoidea/Meg
achilidae/Coelioxys/torrida&name=Coelioxys+torrida&authority=Smith,+1854 

Euaspis abdominalis Fabricius, 1793 
Eardley & Urban, 2010 

https://www.discoverlife.org/mp/20q?search=Euaspis+abdominalis&flags=subgenus:&mobil
e=1 

Heriades communis Cockerell, 1931 Eardley & Urban, 2010  
Heriades wellmani Cockerell, 1908 

Eardley & Urban, 2010 
https://www.discoverlife.org/mp/20q?search=Heriades+wellmani&mobile=close&flags=glea
n: 

Megachile admixta Cockerell, 1931 
Eardley & Urban, 2010 

https://www.discoverlife.org/mp/20q?search=Megachile+admixta&flags=subgenus:&mobile
=1 

Megachile angolensis Cockerell, 1935 
Eardley & Urban, 2010 

http://www.waspweb.org/Apoidea/Megachilidae/Megachilinae/Megachilini/Megachile/inde
x.htm 

Megachile aurifacies Pasteels, 1985 
Eardley & Urban, 2010 

https://www.discoverlife.org/mp/20q?search=Megachile+aurifacies&flags=col2:subgenus:&
mobile=1 

Megachile aurifera Cockerell, 1935 Eardley & Urban, 2010 https://www.discoverlife.org/mp/20q?search=Megachile+aurifera&flags=col2:subgenus: 
Megachile basalis Smith, 1853  http://www.gbif.org/occurrence/1224584503 
Megachile benitocola Strand, 1912  http://www.gbif.org/occurrence/856611952 
Megachile biloba Vachal, 1910 Eardley & Urban, 2010  
Megachile bituberculata Ritsema, 1880 Eardley & Urban, 2010 http://www.gbif.org/occurrence/856608379 
Megachile bituberculata rubripedana Strand, 
1914 Eardley & Urban, 2010  
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Megachile bombiformis Gerstäcker, 1857 Eardley & Urban, 2010 https://www.discoverlife.org/mp/20q?search=Megachile+bombiformis&flags=subgenus: 
Megachile bucephala Fabricius, 1793 Results from this study  
Megachile caricina Cockerell, 1907  

Eardley & Urban, 2010 
https://www.discoverlife.org/mp/20q?search=Megachile+caricina&guide=Megachilidae_gen
era&flags=subgenus:&mobile=1 

Megachile cincta Fabricius, 1781 Eardley & Urban, 2010  
Megachile cognata Smith, 1853 

Eardley & Urban, 2010 
https://www.discoverlife.org/mp/20q?search=Megachile+cognata&flags=col2:glean:subgenu
s: 

Megachile curtula Gerstäcker, 1857 syn. Megachile sticeae http://www.gbif.org/occurrence/131340466 
Megachile decemsignata Radoszkowski, 1881 Eardley & Urban, 2010 https://www.discoverlife.org/mp/20q?search=Megachile+decemsignata&flags=subgenus: 
Megachile devexa Vachal, 1903 syn. Chalicodoma duponti http://www.gbif.org/occurrence/856600608 
Megachile ekuivella Cockerell, 1909 Eardley & Urban, 2010 

syn. Megachile frontalis  
Megachile eurimera Smith, 1854  http://www.gbif.org/occurrence/856609855 
Megachile felina Gerstäcker, 1857 Eardley & Urban, 2010  
Megachile fimbriata Smith, 1853  http://www.gbif.org/occurrence/1224585166 
Megachile flavipollex Pasteels, 1960  https://www.gbif.org/occurrence/1224585274 
Megachile fuscicauda Cockerell, 1933 

Eardley & Urban, 2010 
https://www.discoverlife.org/mp/20q?search=Megachile+fuscicauda&flags=glean:subgenus:
&mobile=1 

Megachile gowdeyi Cockerell, 1931  http://www.gbif.org/occurrence/856609913 
Megachile gratiosa Gerstäcker, 1857 

Eardley & Urban, 2010 
https://www.discoverlife.org/mp/20q?search=Megachile+gratiosa&guide=Bee_genera&flags
=subgenus:&mobile=1 

Megachile harthulura Cockerell, 1937  http://www.gbif.org/occurrence/856609993 
Megachile hypopyrrha Cockerell, 1937  http://www.gbif.org/occurrence/856610002 
Megachile ikuthaensis Friese, 1903 

Eardley & Urban, 2010 
https://www.discoverlife.org/mp/20q?search=Megachile+ikuthaensis&guide=Apoidea_speci
es&cl=GH&flags=HAS: 

Megachile insolita Pasteels, 1965 syn. Chalicodoma (Chalicodoma) insolita https://www.gbif.org/pt/occurrence/1224584540 
Megachile khamana Cockerell, 1938 Results from this study  
Megachile malangensis Friese, 1904 

Eardley & Urban, 2010 
https://www.discoverlife.org/mp/20q?search=Megachile+malangensis&guide=Bee_genera_
United_States_and_Canada&flags=subgenus: 

Megachile marshalli Friese, 1904 Eardley & Urban, 2010 https://www.discoverlife.org/mp/20q?search=Megachile+marshalli&flags=subgenus: 
Megachile maxillosa Guèrin-Méneville, 1845  https://www.gbif.org/occurrence/1224584612 
Megachile nasicornis Friese, 1903 Results from this study  
Megachile nigripollex Vachal, 1910  http://www.gbif.org/occurrence/856601675 
Megachile pallida Radoszkowski, 1881 Eardley & Urban, 2010 https://www.discoverlife.org/mp/20q?search=Megachile+pallida&flags=col3:subgenus: 
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Megachile patellimana Spinola, 1838  http://www.gbif.org/occurrence/856610212 
Megachile praetexta Vachal, 1910  http://www.gbif.org/occurrence/856605778 
Megachile pulchrifrons Cockerell, 1933 Eardley & Urban, 2010 https://www.discoverlife.org/mp/20q?search=Megachile+pulchrifrons&flags=col3:subgenus: 
Megachile pulvinata Vachal, 1910 Eardley & Urban, 2010 https://www.discoverlife.org/mp/20q?search=Megachile+pulvinata&flags=subgenus: 
Megachile regina Cheesman, 1938  http://www.gbif.org/occurrence/1224585541 
Megachile rufa Friese, 1903 syn. Creightonella rufa Friese http://www.gbif.org/occurrence/856607978 
Megachile rufigaster Cockerell, 1945  http://www.gbif.org/occurrence/856612006 
Megachile rufipennis Fabricius, 1804  https://www.gbif.org/occurrence/1224584929 
Megachile semierma Vachal, 1903  http://www.gbif.org/occurrence/856610422 
Megachile semivenusta Cockerell, 1931  http://www.gbif.org/occurrence/856612023 
Megachile sinuata Friese, 1903 

Eardley & Urban, 2010 

https://www.discoverlife.org/mp/20q?act=x_ant&path=Insecta/Hymenoptera/Apoidea/Meg
achilidae/Megachile/sinuata&name=Megachile+sinuata&guide=Bees_Ghana&authority=Frie
se,+1903&mobile=close 

Megachile striatula Cockerell, 1931 
Eardley & Urban, 2010 

http://www.waspweb.org/Apoidea/Megachilidae/Megachilinae/Megachilini/Megachile/inde
x.htm 

Megachile unifasciata Radoszkowski, 1881 
Eardley & Urban, 2010 

http://www.waspweb.org/Apoidea/Megachilidae/Megachilinae/Megachilini/Megachile/inde
x.htm 

Megachile ungulata Smith, 1853  https://www.discoverlife.org/mp/20q?search=Megachile+ungulata&flags=subgenus: 
Noteriades ekuivensis Cockerell, 1908 Eardley & Urban, 2010  
Ocheriades spp Results from this study  
Othinosmia spp Results from this study  
Pachyanthidium benguelensis Vachal, 1903 Eardley & Urban, 2010  
Pachyanthidium bipectinatum Results from this study  
Pachyanthidium bouyssoui Vachal, 1903 Eardley & Urban, 2010 https://www.discoverlife.org/mp/20q?search=Pachyanthidium+bouyssoui&flags=subgenus: 
Pachyanthidium nigrum Pasteels, 1984 Results from this study  
Pachyanthidium otavicum Results from this study  
Pachyanthidium spilognathum Results from this study  
Pseudoanthidium truncatum Smith, 1854 

Eardley & Urban, 2010 

https://www.discoverlife.org/mp/20q?act=x_ant&path=Insecta/Hymenoptera/Apoidea/Meg
achilidae/Pseudoanthidium/truncatum&name=Pseudoanthidium+truncatum&guide=Bees_G
hana&authority=(Smith,+1854)&mobile=close 

Serapista denticulata Smith, 1854  http://www.gbif.org/occurrence/1275016658 
Trachusa schoutedeni Vachal, 1910 

Eardley & Urban, 2010 
https://www.discoverlife.org/mp/20q?search=Trachusa+schoutedeni&guide=Bee_genera&fl
ags=subgenus:&mobile=close 
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Wainia spp Results from this study  

 
 

**Online Sources 
1 Discover Life Bee Species Guide - http://www.discoverlife.org/mp/20q?guide=Apoidea_species 
2 South African National Biodiversity Institute: ARC Bees 
3 WaspWeb - www.waspweb.org 
4 University of Kansas Biodiversity Institute: Snow Entomological Museum Collection 
5 Collection of CAS – California Academy of Sciences - http://research.calacademy.org/ent 
6 Atlas Hymenoptera - http://www.atlashymenoptera.net/default.asp 
7 Naturalis Biodiversity Center: Naturalis Biodiversity Center (NL) - Hymenoptera 
8 South African National Biodiversity Institute: Iziko 
9 Collection of Smithsonian National Museum of Natural History (NMNH) - http://collections.nmnh.si.edu/search/ento/ 

10 South African National Biodiversity Institute: SABCA 
11 Centro de Referência em Informação Ambiental: Coleção Entomológica Paulo Nogueira-Neto - IB/USP 
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Appendix III - Correlation of environmental variables (annual mean temperature and annual 

precipitation) and landscape variables at two dimensional scales (mean NDVI and mean Tree 

cover, 200 and 400 m radii) with altitude. 
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Appendix IV – Bee generic occurrences and distribution along an altitudinal 
gradient in Bruco – Serra da Chela, Angola. 
 

Table 3.1 – Individuals per genus and site along the altitudinal gradient, including all sampling methods with 
exception of malaise trap. 

Genera 
Total specimens 
collected Collected specimens per altitude 

   760 840 901 960 1120 1179 1253 1305 1489 1534 1580 1651 

Afranthidium 4      1 1   2   
Afroheriades 5 1   1   2     1 

Amegilla 5   1   1      3 

Anthidiellum 24 4  3 3 1 3 1      
Anthidioma 3      1 1   1   
Apis 16     6 4  1 3  2  
Braunsapis 82 19 11 2 3 1 4 21 4 2 1 5  
Ceratina 98 28 6 4 2 2 15 7 6  21 3 4 

Cleptotrigona 2        1 1    
Coelioxys 4    1   2   1   
Colletes 3     2      1  
Eupetersia 5 4   1         
Halictus 15 2    3 2 1   7   
Heriades 41  2  1 4 12 12  1 4 5  
Hypotrigona 191 6 5 45 27 1 6 33 14 7  1 1 

Lasioglossum 4 1    1  1   1   
Lipotriches 56 2 2 1  15 1 3 2 4 4 8 5 

Macrogalea 93 7 5 7 1 7 4 9 5 3 25 17 3 

Megachile 18 1 1 1    1 3  5 5 1 

Meliponula 25 2    4 1 6 1 11    
Meliturgula 1     1        
Nomia 10 1 2   1  2    1 3 

Noteriades 3 1 2           
Ocheriades 1  1           
Othinosmia 1        1     
Pachyanthidium 51 1 22 1 1 4 2 4 2 3 1 1  
Patellapis 38 3 3 3 1 3 2 1   16 2 5 

Pseudoanthidium 12 1    2 1 5   1 2  
Seladonia 10      1 1   5 1 2 

Tetralonia 10   7   2     1  
Thrinchostoma 1     1        
Thyreus 6       3  1 1 1  
Wainia 2         1 1   
Xylocopa 4    1       1 2 

Total 845 84 107 84 43 77 72 117 40 37 97 57 30 

 
 
 
 



Page 130 of 131 

Appendix V - Species accumulation curve for bee genera, per sampling site 
and for the entire transect. Analysis using Jackknife 1 estimates. 
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Appendix VI - Results of correlations between diversity measures and altitude 
(m.a.s.l.), annual precipitation (mm) and annual mean temperature (°C). 
 

 
 




