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Floral Resources Partitioning by Two Co-occurring Eusocial Bees in an Afromontane Landscape

Eusocial bees with large colonies are crucial 
actors in many ecosystems. In addition to pollinating 
numerous plants, they affect other flower visitors’ 
behaviour and food choice by consuming a large 
part of floral resources due to their high numbers and 
biomass (e.g. Whitfield et al., 2006). Individual species 
of eusocial bees influence the food niche of each other 
as well. In the tropics, such interspecific interactions in 
competition for food sources have been studied mainly 
among various bee species with an introduced honeybee, 
Apis mellifera Linnaeus (e.g. Sommeijer et al., 1983; 
Ramalho et al., 2007; Franco et al., 2009; Liu et al., 
2013; Hilgert-Moreira et al., 2014). On the other hand, 
we have surprisingly limited knowledge on resource 
partitioning among eusocial bees in the Afrotropics, 
where A. mellifera is native (Whitfield et al., 2006). To 

Abstract
Floral preferences of generalist foragers such as eusocial bees influence the success 
of pollination of many flowering plants, as well as competition with many other bee 
species in tropical communities. Eusocial bees are important for the pollination 
success of many flowering plants, as well as for food resources availability for 
many other species. However, their foraging preferences are still unknown in many 
tropical areas, especially in the Afrotropics. We studied the foraging activity of two 
syntopic eusocial bees with large colonies, the honeybee Apis mellifera Linnaeus 
and the stingless bee Meliplebeia ogouensis (Vachal), on seven plant species in 
the Bamenda Highlands, Cameroon, in two consecutive years. Simultaneously, we 
quantified intra- and inter-annual changes in the food resources. We observed 
resource partitioning among the two bee species. Although both species are 
considered as generalists, their short-term food niches overlap was very low. Their 
preferences to the most often visited plants differed even more strongly inter-
annually. Our results bring the first evidence on such relatively strong resource 
partitioning among two dominant eusocial bee species from West/Central Africa.
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our knowledge, the only study from this region focused 
on the pollen foraging of A. mellifera and two stingless 
bee species of Meliponula in Uganda (Kajobe, 2007). 
Nevertheless, such data are crucial to understanding the 
dynamics in flower visitor insect communities, as well 
as to the role of eusocial bees on the evolution of plant 
pollination systems. 

To fill this gap, we bring the first data on food 
partitioning among two dominant eusocial bees, A. 
mellifera and the stingless bee Meliplebeia ogouensis 
(Vachal), from the Afromontane landscape of Mendong 
Buo, NW Cameroon (6°5’21’’ N, 10°18’11’’ E). It is a 
mosaic-like landscape of montane forest remnants and 
open habitats (Tropek & Konvicka, 2010). From late 
November till early January (i.e. the first half of the 
dry season) of 2007/2008 and 2008/2009 we recorded 
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the two bee species visiting flowers of seven plant 
species whose flowers dominated the studied sites in 
stream gallery vegetation (Acanthaceae: Brillantaisia 
lamium, Hypoestes aristata; Campanulaceae: Lobelia 
columnaris; Hypericacea: Hypericum revolutum, 
H. roeparianum; Lamiaceae: Pycnostachys eminii; 
Rubiaceae: Virectaria major; see Bartoš et al. (2012, 
2015) for the plants characterisation, pictures and 
functional specialisation). All of them produce nectar, 
except H. roeparianum (Bartoš et al., 2012). Only B. 
lamium, H. aristata and P. eminii have flowers of 
mellitophilous pollination syndrome. In our previous 
studies (Padyšáková et al., 2013; Bartoš et al., 2015), 
H. aristata and H. roeparianum were shown to be 
flowers more commonly visited by A. mellifera, while 
H. revolutum was visited mainly by M. ogouensis.

The bee visits were recorded along sixteen 
15 m transects of gallery vegetation, where 5-min 
observations of each plant species per sampling session 
were equally distributed within the day (between 9 to 16 
h) and study periods (altogether 29 and 33 sampling days 
in the two sampling periods, respectively). During the 
sessions, only visitors of a single observed plant species 
were recorded; one visiting individual was counted just 
once independently on the number of visited flowers. 

Each plant species was observed for about 10 hours 
in total (Bartoš et al., 2012). The possible partitioning 
of resources by the bees was analysed by a chi-square 
test of a contingency table (7 plants × 2 bees) with 
frequencies of visits in individual cells, performed in 
R v. 2.15.0 (R Development Core Team, 2012; Fig. 1). 
We also calculated the Schoener index of niche overlap 
combining the proportions of visits of both bee species 
on flowers of the particular studied plants (Schoener, 
1968; Aguiar et al., 2017). The numbers of flowers along 
the transects were counted seven and four times in the 
two successive sampling periods, respectively (Janeček 
et al., 2012), and they remained mostly constant during 
both sampled dry season beginnings (Fig. 2). As the 
exceptions, flower numbers increased for L. columnaris 
and decreased for P. eminii during both sampled periods, 
whilst the flower numbers of V. major and B. lamium 
decreased during the second sampling period only. 

Altogether 253 A. mellifera and 373 M. ogouensis 
bee-plant interactions were observed in both sampling 
periods: 121 and 238 visits in 2007/2008, and 132 
and 135 visits in 2008/2009 (Fig 1; Online Resource 
1). During the sampling, A. mellifera visited mainly 
H. aristata (n = 60), followed by L. columnaris (n = 
20), V. major (n = 17) and H. revolutum (n = 17) in 
2007/2008, whereas it visited H. revolutum (n = 58), P. 
eminii (n = 41) and H. aristata (n = 25) in 2008/2009. M. 
ogouensis visited mainly H. revolutum (n = 182) and H. 
roeparianum (n = 34) in 2007/2008, and H. revolutum (n 
= 82) and L. columnaris (n = 51) in 2008/2009. 

Although both bees are generalists, each species 
preferred only part of available floral sources (Χ2 = 
215.9089; df = 6; p ˂ 0.01; Fig 1), revealing thus a food 
source partitioning between them and low overlap of 
their niches. This was confirmed also by low Schoener 
index: 0.23 and 0.48 for the two periods, respectively, 
while the niches are considered to be overlapped for 
values over 0.6 (Schoener, 1968; Aguiar et al., 2017). 
Such niche partitioning among A. mellifera and various 
stingless bees was already described from various 
regions, usually interpreted as a result of differences in 
foraging behaviour, although an aggressive interspecific 
interference driven by larger honey bees is also 
sometimes hypothesised (e.g. Sommeijer et al., 1983; 
Ramalho et al., 2007; Kajobe, 2007).

The visitation rates of individual plants by both 
bees, however, differed during and between sampling 
periods (Fig 1 and 2). The strongest shift in resource 
partitioning among the two bee species involved the 
flowers of L. columnaris, between years, and the 
flowers of H. revolutum, intra-annually. During the first 
year, preference of A. mellifera toward L. columnaris 
followed its blooming during the second half of the 
period, while it visited H. aristata more or less during 

Fig 1. Number of visits to each plant species by the two bee species, 
in the Afromontane landscape of Mendong Buo, NW Cameroon, in 
two sampled dry seasons.  LobCol: Lobelia columnaris, HypRev: 
Hypericum revolutum, HypAri: Hypoestes aristata, PycEmi: 
Pycnostachys eminii, HypRoe: Hypericum roeparianum, VirMaj: 
Virectaria major, BriLam: Brillantaisia lamium.
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the whole period. A. mellifera strongly dominated on P. 
eminii in the beginning, switching to H. revolutum later 
after the first species overflowered, mainly in the second 
year. Meliplebeia strongly preferred H. revolutum in the 
beginning of both sampled periods, but almost entirely 
switched to L. columnaris later in the second year. Such 
temporal specialisation of honey bees and stingless bees 
for floral choice has already been described as a result 
of both optimisation of resource usage and competition 
avoidance (Leonhardt et al., 2014); without other data 
we cannot exclude other possible factors. Nevertheless, 
our study has confirmed an interesting phenomenon of 
food niche partitioning among two eusocial bee species 
in the overlooked landscape of Afrotropical mountains.

Acknowledgements

We would like to thank L. Spitzer and M. Janda for their 
help with the data collection, J. Straka for Meliplebeia 
identification, and M. Sweney for English corrections. 
Our research was funded by the Czech Science 
Foundation (14-36098G, 16-11164Y) and by the Charles 
University (PRIMUS/17/SCI/8 and UNCE 204069). 

References

Aguiar, C.M.L., Caramés, J., França, F. & Melo, E. 
(2017). Exploitation of floral resources and niche 
overlap within an oil-collecting bee guild (Hymenoptera, 
Apidae) in a Neotropical savanna. Sociobiology, 64: 78-
84. doi: 10.13102/sociobiology.v64i1.1250

Bartoš, M., Janeček, Š., Padyšáková, E., Patáčová, E., 
Altman, J., Pešata, M., Kantorová, J. & Tropek, R. 
(2012). Nectar properties of the sunbird-pollinated plant 
Impatiens sakeriana: a comparison with six other co-
flowering species. South African Journal of Botany, 
786: 3-74. doi: 10.1016/j.sajb.2011.05.015

Bartoš, M., Tropek, R., Spitzer, L., Padyšáková, E., 
Janšta, P., Straka, J., Tkoč, M. & Janeček, Š. (2015). 
Specialization of pollination systems of two co-
flowering phenotypically generalized Hypericum 
species (Hypericaceae) in Cameroon. Arthropod Plant 
Interactions, 9: 241–252. doi: 10.1007/s11829-015-
9378-8

Franco, E.L., Aguiar, C.M.L., Ferreira, V.S. & Oliveira-
Reboucas, P.L. (2009). Plant use and niche overlap 
between the introduced honey bee (Apis mellifera) and 

Fig. 2. Number of flowers of each plant species (A, D), and number of visits by Apis mellifera (B, E) and Meliplebeia ogouensis (C, F). All 
the charts are visualised separately for the two studied years.



 R. Tropek et al. – Resources partitioning by eusocial bees530

the native bumblebee (Bombus atratus). Sociobiology, 
53: 141-150.

Hilgert-Moreira, S.B., Nascher, C.A., Callegari-Jacques, 
S.M. & Blochtein, B. (2014). Pollen resources and 
trophic niche breadth of Apis mellifera and Melipona 
obscurior (Hymenoptera, Apidae) in a subtropical 
climate in the Atlantic rain forest of southern Brazil. 
Apidologie, 45: 129-141. doi: 10.1007/s13592-013-
0234-5

Liu, Y.J., Zhao, T.R., Zhang, X.W., Liang, C. & Zhao, 
F.Y. (2013). Melittopalynology and trophic niche 
analysis of Apis cerana and Apis mellifera in Yunnan 
Province of Southwest China. Sociobiology, 60: 289-
294. doi: 10.13102/sociobiology.v60i3.289-294

Janeček, Š., Riegert, J., Bartoš, M., Hořák, D., Reif, 
J., Padyšáková, E., Fajnová, D., Antzcak, M., Pešata, 
M., Mikeš, V., Patáčová, E., Altman, J., Kantorová, J., 
Hrázský, Z., Brom, J. & Doležal J. (2012). Food selection 
by avian floral visitors: an important aspect of plant-
flower interactions in West Africa. Biological Journal 
of Linnean Society, 107: 355-367. doi: 10.1111/j.1095-
8312.2012.01943.x

Kajobe, R. (2007). Pollen foraging by Apis mellifera 
and stingless bees Meliponula bocandei and Meliponula 
nebulata in Bwindi Impenetrable National Park, 
Uganda. African Journal of Ecology, 45: 265-274. doi: 
10.1111/j.1365-2028.2006.00701.x

Leonhardt, S.D., Heard, T.A. & Wallace, H. (2014). 
Differences in the resource intake of two sympatric 
Australian stingless bee species. Apidologie, 45: 514-
527. doi: 10.1007/s13592-013-0266-x

Padyšáková, E., Bartoš, M., Tropek, R. & Janeček, 
Š. (2013). Generalization versus specialization in 
pollination systems: Visitors, thieves, and pollinators 
of Hypoestes aristata (Acanthaceae). PLoS ONE, 8: 
e59299. doi: 10.1371/journal.pone.0059299

Pedro, S.D.M. & Camargo, J.D. (1991). Interactions 
on floral resources between the Africanized honey 

bee Apis mellifera L. and the native bee community 
(Hymenoptera: Apoidea) in a natural “cerrado” 
ecosystem in southeast Brazil. Apidologie, 22: 397-415. 
doi: 10.1051/apido:19910405

R Development Core Team (2012). R: A language and 
environment for statistical computing. Version 2.15.0. R 
Development Core Team, Vienna, Austria

Ramalho, M., Silva, M.D. & Catvalho, C.A.L. (2007). 
Dinâmica de uso de fontes de pólen por Melipona 
scutellaris Latreille (Hymenoptera, Apidae): Uma análise 
comparativa com Apis mellifera L. (Hymenoptera, 
Apidae), no Domínio Tropical Atlântico. Neotropical 
Entomology, 36: 3845-2007. doi: 10.1590/S1519-
566X2007000100005

Sommeijer, M.J., De Rooy, G.A., Punt, W. & De Bruijn, 
L.L.M. (1983). A comparative study of foraging behavior 
and pollen resources of various stingless bees (Hym., 
Meliponinae) and honeybees (Hym., Apinae) in Trinidad, 
West-Indies. Apidologie, 14: 205-224. doi: 10.1051/
apido:19830306

Schoener, T.W. (1968). The Anolis lizards of Bimini: 
resource partitioning in complex fauna. Ecology, 49: 
704-726. doi: 10.2307/1935534

Thomson, D. (2004). Competitive interactions between 
the invasive European honey bee and native bumble 
bees. Ecology, 85: 458-470. doi: 10.1890/02-0626

Tropek, R. & Konvička, M. (2010). Forest eternal? 
Endemic butterflies of the Bamenda highlands, Cameroon, 
avoid close-canopy forest. African Journal of Ecology, 
48: 428-437. doi: 10.1111/j.1365-2028.2009.01129.x

Whitfield, C.W., Behura, S.K., Berlocher, S.H., Clark, 
A.G., Johnston, J.S., Sheppard, W.S., Smith, D.R., Suarez, 
A.V., Weaver, D. & Tsutsui, N.D. (2006). Thrice out of 
Africa: ancient and recent expansions of the honey bee, 
Apis mellifera. Science, 314: 642-645. doi: 10.1126/
science.1132772


