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Abstract – Social bee – food plant relationships have been studied extensively, especially in the Neotrop-
ics. This is, however, the first quantitative comparison and review of a large set (28) of studies. Patterns in
social bee richness, niche breadth and associations between social bee taxa could be explained partly by
species-specific differences in behaviour, foraging traits and response to interspecific competition. Bee as-
semblages contain higher percentages of social Apidae towards the equator. Medium-sized non-aggressive
group foragers had the narrowest diet and the super-generalists the broadest diet. Niche breadth generally
decreased with the number of social bee species in the assemblage indicating that interspecific competition
influences diet choice. Cluster-analysis revealed two main groups in terms of food plant use: medium-sized
non-aggressive group foragers and a group containing the aggressive group forager Trigona spinipes, the
honeybee and three small scramblers. Four other taxa were not associated with any other taxa.

community ecology / stingless bees / competition / niche partitioning /Meliponini / Apidae

1. INTRODUCTION

Bees are the main flower visitors and
pollinators in the majority of the world’s
ecosystems and the diversity of their rela-
tions with flowers has been documented exten-
sively for both temperate and tropical regions
(e.g. Roubik, 1989; Barth, 1991; Kevan and
Imperatriz-Fonseca, 2002). Various guilds of
bees can be distinguished based on bee-plant
relationships, e.g. buzz-pollinators, oil gath-
ering bees, nectar robbers, which are useful
in the analysis of plant-pollinator community
structure (e.g. Roubik, 1979, 1989, 1992). Be-
cause of the large numbers of bees and the
wide variety in flower use, community-wide
analyses necessarily lump bees into larger
groups (Roubik, 1989). In such analyses, the
highly-social bees tend to appear as a single
or a few separate clusters: honeybees, bum-
blebees and in tropical studies stingless bees
(sometimes separated into Trigona s.l. and
Melipona). These social bees differ from most
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solitary bees, among other traits, in that they
are obligate generalists in food choice because
their colonies outlast the flowering season of
single plant species. Not all social bees are the
same, however. Differences in tongue length
are, for example, a major factor in niche par-
titioning in relation to flower choice among
temperate bumblebees (Morse, 1982; Harder,
1985) and seem to be associated with flower
visitation in Asian stingless bees (Nagamitsu
and Inoue, 2005).

In the tropics, the majority of the eusocial
bees are stingless bees (Roubik, 1989, 1992;
Heithaus, 1979b), but they also include hon-
eybees (various species in Asia, Apis mellif-
era in Africa and America) and bumblebees
(mainly at higher altitudes, but also common
in lowland Brazil). These groups all use a
wide range of plant species for nectar and
pollen collection. In addition, many studies
have shown that eusocial bees differ among
each other in the pollen and nectar sources
they use. Social bee food plant interactions
have been studied in many areas by means of
analysis of pollen collected from returning for-
agers or pollen stores in the nest (Neotropical
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Table I. Overview of the studies used in this meta-analysis. State: BA = Bahia, MA = Maranhao, MG =
Minas Gerais, RS = Rio Grande do Sul; SP = São Paulo. Sampling: d = day, m = month, y = year. Numbers
of bees and food plants reported are given in the last two columns.

Author Year State Habitat Sampling Bees Plants
1. Wilms 1995 SP Atlantic Rain forest 3 y; biweekly 21 230
2. Sofia 1996 SP Urban park 1 y; biweekly 27 106
3. Sofia 1997 SP Urban park 1 y; biweekly 14 93
4. Silveira 1989 MG Dry woodland (Cerrado) 1 y; monthly 3–5 d 22 106
5. Mateus 1998 SP Dry woodland (Cerrado) 2 y; biweekly 25 73
6. Hoffmann 1990 RS Fields + subtropical forest 2 y; biweekly 6 108
7. Carvalho 1990 MG Dry woodland (Cerrado) 1 y; biweekly 13 75
8. Campos 1989 SP Dry woodland (Cerrado) 3 y; weekly 12 39
9. Silva 1998 Paraiba Dunes (Restinga) 1 y; biweekly 2 29
10. Aguilar 1998 SP Atlantic Rain forest 15 m; biweekly 18 96
11. Pedro 1992 SP Dry woodland (Cerrado) 1 y; biweekly 22 139
12. Knoll 1990 SP Urban park 1 y; every 10 d 12 154
13. Castro 2001 BA Semi-arid (Caatinga) 1 y; monthly 10 101
14. Martins 1990 BA Semi-arid (Caatinga) 1 y; biweekly 9 39
15. Martins 1990 BA Dry woodland (Cerrado) 1 y; biweekly 10 81
16. Ramalho 1995 SP Atlantic Rain forest 1.5 y; weekly 20 106
17. Rego 1998 MA Dry woodland (Cerrado) 1 y; every month 2 d 22 33
18. Alves dos S 1996 RS Subtropical Rain forest 8 m; biweekly 4 d 15 113
19. Schlindwein 1995 RS Shrubland 5 y; Sept–May 9 131
20. Viana 1999 BA Dunes (Restinga) 1 y; every 10 d 6 48
21. Barbola 1993 Parana Open fields and various 1 y; every 10 d 9 60
22. Faria 1994 MG Rupestrian fields 1 y; monthly 1 d 10 38
23. Harter 1999 RS Araucaria forest 3 y; 295 d total, summer 14 185
24. Taura 1990 Parana Urban park 1 y; weekly 7 93
25. Viana Unpubl. BA Dunes (Restinga) 1 y; monthly? 8 35
26. Castro Unpubl. BA Atlantic rain forest 1 y; monthly? 6 40
27. Castro Unpubl. BA Orchards 1 y; monthly? 17 20
28. Cortopassi-Laurino 1982 SP Urban park 2 y; biweekly 11 190

studies reviewed by Ramalho et al., 1990;
Wilms and Wiechers, 1997; Nagamitsu et al.,
1999; Nagamitsu and Inoue, 2002) and by
means of direct observation on flowers (e.g.
studies in Tab. I; Roubik, 1979, 1989).

Few attempts have been made to compare
the foraging ecology of eusocial bees across
studies. These comparative studies either sim-
ply list the major food plants for various taxa
(Ramalho et al., 1990) or draw broad conclu-
sions across all bees (Roubik, 1989). Given the
large number of detailed studies of social bee
– food plant interaction, it is surprising that no
quantitative comparisons are available. Such a
comparison could elucidate fundamental rules
governing community richness and the struc-
ture of social bee assemblages. The findings

could then be related to new information on
the communication systems (e.g. Nieh, 2004;
Biesmeijer and Slaa, 2004; Aguilar et al.,
2005; Jarau et al., 2003), aggressive behaviour
at food sources (Nagamitsu and Inoue, 1997;
Slaa et al., 2003), the sugar concentration of
the nectar they collect (Roubik et al., 1995;
Biesmeijer et al., 1999a, b), and flower con-
stancy (Slaa et al., 1998, 2003).

The aim of this paper is to search for
general trends in tropical eusocial bee –
food plant relationships and to relate trends
in food plant use to foraging ecology and
behaviour. We restrict ourselves to Brazilian
studies of social bee flower visitation in
which bees were collected for an extended
period in a well-defined area. The reason
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Figure 1. Layout of the study location
in Brazil. Numbers refer to the studies
listed in Table I.

Table II. Thesis not included in the meta-analysis and reasons for exclusion.

Study Reason for exclusion
1. Aguiar (2001) No systematic data about visited plants
2. Kaminski (2001) Visitors of only three plant species
3. Laroca (1974) No list of visited plants per bee species (lumped per bee and plant family)
4. Orth (1983) No list of visited plants per bee species (lumped per bee genus)
5. Machado (2002) No systematic data about visited plants
6. Zanella (1991) No list of visited plants per bee species (lumped per bee and plant family)
7. Schwartz Filho (1993) No list of visited plants per bee species (lumped per bee and plant family)
8. Hakim (1983) No list of visited plants per bee species (lumped per bee and plant family)
9. Albuquerque (1998) No eusocial bees found on flowers (only Apis mellifera)
10. Knoll (1985) Only data on visits by one species (Tetragonisca angustula)
11. Antonini (2002) Only data on visits by one species (Melipona quadrifasciata)
12. Castro (1994) Same data as Martins (1990) (#14)
13. Viana (1992) Same data as Martins (1990) (#15)
14. All palynological studies Analysed pollen grains from incoming bees or from pollen pots.

Studies reviewed by Ramalho et al., 1990.

for selecting these studies is that they all
use very similar methodology (see methods
section) while representing a wide variety of
(sub-)tropical habitats including rain forest,
tropical savannas, dunes, grasslands and
anthropogenic habitats (Tab. I; Fig. 1). Many
other Brazilian studies could not be included
because methodology was very different, e.g.
palynological work (Kleinert-Giovannini and
Imperatriz-Fonseca, 1987; Ramalho et al.,

1990 and references therein) or because single
bee or plant species were studied (Tab. II).

The main questions we are addressing here
are:

(1) What are the ecological correlates of eu-
social bee richness?

(2) Are all social bees equally generalist in
their food plant use?
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(3) Can we find general patterns of associa-
tion among the social bees by comparing
their food plant use across studies?

2. METHODS FOR COMPARISON
OF STUDIES

2.1. Study selection and databasing

To provide consistency in the analysis, we used
sources that provided bee-plant interaction tables
and then performed all analyses based on the pub-
lished tables (Tab. I). Following Gates’ (2002) rec-
ommendation, we include a list of the studies that
we reviewed but that are not included in the analysis
and the reasons for excluding these studies (Tab. II).

The datasets were selected according to the fol-
lowing criteria:

(1) Studies had to be taxonomically well re-
solved. The two leading Brazilian social bee
experts, Profs Padre Santiago Moure and João
Camargo, identified bees in most studies and
plants were identified by various leading botan-
ical taxonomists;

(2) Exhaustive sampling of a restricted area. All
studies collected at least once a month for
a year, but many sampled more intensively
(Tab. I). Study areas ranged from 0.3 ha to more
than 200 ha, and was <100 ha in all but three
studies;

(3) Unrestricted sampling of bees and flower-
ing plants. Note, however, than many studies
under-sampled the higher strata of the forest;

(4) Comparable sampling methods. Methodology
was highly uniform among the studies. All used
the Sakagami et al. (1967) sampling method or
a variant thereof. In this method transects are
sampled with a fixed amount of time spent at
each flowering plant (or patch). The sampling
of transects is randomized in time, order, and
direction;

(5) Availability of plant-bee interaction tables or
raw data sheets. We compiled each data matrix
from the interaction lists or raw data tables pro-
vided in the source. More than a dozen addi-
tional studies had to be excluded because they
lacked detailed information of bee-plant inter-
actions in the published material (Tab. II). A
complete list of the main features of all studies
included is given in Table I (see also Biesmeijer
et al., 2005). Many datasets have been pub-
lished only in student PhD- or MSc-theses, but

all are publicly available from the respective
universities.

During the data input process we stumbled upon
several interpretation problems. In all cases we used
the data from the raw tables. We recalculated eco-
logical indices from the raw data matrices; therefore
some of the values we obtained may differ slightly
from the values given in the sources.

2.2. Ecological indices and statistics

For each study we calculated a set of ecologi-
cal parameters, e.g. species richness, niche breadth,
similarity in plant use, and a cluster-analysis based
on food plant use. Thereafter, we compared these
parameters across studies. Throughout, we followed
recommendations of Krebs (1999) and Legendre
and Legendre (1998).

To assess whether estimated species rich-
ness was similar to the number of social bee
species reported, we generated species accumula-
tion curves and three estimators (Fig. 2; Bootstrap,
Jackknife, and Michaelis-Menten mean estimate)
that are recommended as the best estimators
for species richness (Colwell, 1997; Legendre
and Legendre, 1998; Krebs, 1999) using the
freeware application EstimateS (Colwell, 1997;
http://viceroy.eeb.uconn.edu/). The curves were
generated using 50 randomizations. In almost all
cases the Michaelis-Menten and bootstrapped esti-
mates are very close to the number of species re-
ported. This shows that the social bee component
had been sampled fairly completely. Therefore we
use the reported numbers of bee species as the bee
richness of the study sites.

Foraging niche breadth was measured by the
Shannon-Wiener Index (Krebs, 1999). This index
was highly correlated with the Simpson’s index, but
provided a wider range of values. To compare this
function across studies, the index was standardized
using the total number of plant species used by the
social bees.

To assess similarity in plant use across bees
we calculated the Sorensen Coefficient using pres-
ence/absence data (Legendre and Legendre, 1998).
The similarity matrices were the basis of an aver-
age linkage clustering (UPGMA) performed with
the R-Package for Multivariate and Spatial Analy-
sis, version 4.0 d5 (Casgrain and Legendre, 2001;
http://www.fas.umontreal.ca/BIOL/legendre).
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Figure 2. The observed number of eusocial Apidae and the estimated richness for all studies included in this
paper. Studies are ordered from low to high observed richness. Richness was estimated using the EstimateS
freeware version 7.5 (Colwell, 1997) and depicted are a bootstrapped and jackknifed estimates and the
Michaelis Menten Mean estimate.

2.3. Higher order clustering

In absence of standard methods for comparing
30 large matrices, we devised the following proce-
dure.

First, we had to standardize the bee taxa across
studies. The cluster analyses of individual studies
showed that the different members of the larger
genera tended to group together except for Trigona
and Plebeia. This led us to pool species for several
common taxa (Melipona, Bombus, Frieseomelitta,
Scaptotrigona, Partamona and Paratrigona). Other
common genera were represented by a single
taxon (Schwarziana quadripunctata, Apis mellifera,
Tetragonisca angustula). Finally we used two com-
mon Trigona and one Plebeia species for a total of
13 taxa that occurred in most studies. Other rare
genera were not included in the analysis, because
they were limited to single habitats and few studies.

Second, we performed the same cluster-analysis
as before (UPGMA clustering performed with
the R-Package for Multivariate and Spatial Anal-
ysis, version 4.0 d5 (Casgrain and Legendre,
2001; http://www.fas.umontreal.ca/BIOL/legendre)
for each study using only the 13 (pooled) taxa.

Third, we arbitrarily decided on two thresholds
to allow us to separate between strong interactions
(distance ≤ 0.5), weak interactions (distance ≤ 0.7)
and no interactions (distance > 0.7). We preferred
this method over the alternative averaging distances
over all studies, which would not give insight in

how frequently taxa are associated (for example,
distances 0,0,1,1 would give the same average as
four times 0.5, but represents very different interac-
tions).

Fourth, we calculated the percentage of possi-
ble interactions that were weak and strong interac-
tions for all pair-wise combinations as well as the
average for the 13 taxa. The matrix of pair-wise
weak interactions was used to perform the across-
studies cluster-analysis (see Fig. 7). We did not use
the matrix of strong associations, because for some
pair-wise combinations too few data were available.
The average percentages of weak and strong asso-
ciations per taxon were used for correlations with
other ecological indices (see Fig. 8).

3. WHAT ARE THE CORRELATES
OF SOCIAL BEE RICHNESS?

Highly-social bees make up a significant
part of the tropical lowland bee assemblages
(Roubik, 1989). Highest diversity seems to
be found in lowland rain forest. For exam-
ple, social Apidae (mostly stingless bees) rep-
resent 26% of all bees in Sumatra, 26% in
French Guiana, and about 18% in Belem,
Brazil (Roubik, 1990, 1979; Ducke in Roubik,
1979). In dry forest and savanna habitats in
Costa Rica, however, the Apidae (mostly stin-
gless bees) make up only 12.5% of the species,
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but 55% of individuals (Heithaus, 1979a, b).
The richness of the bee community varies
greatly among habitats (e.g. Moldenke, 1975;
Roubik, 1989) and representation of the differ-
ent bee families changes with latitude (Roubik,
1989) and possibly altitude. Can we also de-
tect such patterns among the Brazilian social
bee assemblages?

Brazil spans most of South America from
the Equatorial Amazon to the subtropical
Araucaria forests and harbours dry and wet,
natural and disturbed, lowland and middle el-
evation habitats, forests, woodlands and grass-
lands. There does not seem to be a general
trend between the number of eusocial bees
and latitude (Fig. 3a). The three (semi-)natural
habitats tend to differ marginally in social Ap-
idae richness (1-way ANOVA: df2,13, F = 3.60,
P = 0.057) with the semi-arid habitats be-
ing poorer (11.5 ± 4.8 species) than cerrado
(18.0 ± 6.1) and rain forest (19.7 ± 1.5). A
similar trend in species richness from wet to
dry habitats has been reported by Roubik for
Panama (1993).

The share of social Apidae in total bee rich-
ness ranges from about 3 to 26 percent. To-
wards the south, social bees are generally less
prominent in the bee assemblages (Fig. 3b).
However, the variation is very large between
the equator and 20 degrees south. This trend is
largely a result of increasing solitary bee rich-
ness towards the south (Pearson correlation:
ρ = 0.59, P < 0.05) and lower stingless bee
richness in subtropical Brazil (see Fig. 3a).

Ecological theory predicts that habitats
rich in resources can harbour relatively more
species than poor habitats, i.e. have denser
species packing. Heithaus (1979a) observed
this trend for total bee diversity in three
Costarican lowland habitats. We did not find
this pattern for the Brazilian social Apidae.
In contrast, the more food plant species the
lower the species packing (Fig. 3c; Pearson
correlation, ρ = −0.53, P = 0.004). This is
presumably a result of the higher food plant
richness in some habitats sampled more in the
south (e.g. rain forest). However, differences in
species packing cannot be explained by habi-
tat differences (Kruskal-Wallis test with cat-
egories rain forest, cerrado, semi-arid, urban
habitats: χ = 5.3, P = 0.15). It seems likely

Figure 3. Correlations between the social Apidae
richness, latitude and resource availability (mea-
sured as number of food plant species). Upper
graph: the number of social Apidae species does not
change with latitude. Middle graph: social Apidae
comprise a lower percentage of all bees from the
equator towards the South. Lower graph: species
packing (the number of social bee species divided
by the number of food plants) decreases with total
number of food plants in the studies. For details on
statistics see text.
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Figure 4. Result of the clustering of study sites based on the social Apidae species recorded for each site.
For clustering method see text. Note that the main natural habitats tend to harbour similar social bee species.
This finding is, however, confounded by the non-random layout of sites over Brazil (Fig. 1).

that the predicted trend in species packing may
not hold for assemblages of generalist bees.
An explanation might be that a wider range of
food plants creates new niches for specialists,
but does not necessarily create more niches for
generalists, e.g. social bees.

Whereas richness is not directly influenced
by habitat, the various studies within a nat-
ural habitat type were very similar to each
other in social Apidae fauna (Fig. 4). A cluster-
analysis of all study sites based on the iden-
tity of their social Apidae shows that the rain
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Figure 5. The number of genera found in the stud-
ies tends to be overrepresented. The curve is based
on rarefaction analysis and depicts the number of
genera to be expected in samples from low to high
species diversity if species would be drawn ran-
domly from the pooled datasets. The dotted lines are
the 90% high and low confidence intervals (for de-
tails on methods see text). Each study is represented
by a single dot. Four studies contained significantly
more different genera than expected.

forest sites, cerrado sites, and the semi-arid
sites form separate groups. Unfortunately, the
habitats are highly clustered in space as well
and the result of the cluster-analysis is prob-
ably due to a combination of biogeographical
and habitat-related factors.

In most large genera only one or two
species are commonly found across habitats
and latitudes. They combine for 45–65% of
all occurrences of their genus. Most other
species are represented in only few stud-
ies. The 15 commonest species were Trig-
ona spinipes (26 studies), Apis mellifera
(22), Bombus morio (20), Tetragonisca an-
gustula (16), Bombus atratus (15), Nannotrig-
ona testaceicornis (11), Melipona quadrifasci-
ata (11), Scaptotrigona bipunctata (10), Ple-
beia droryana (9), Partamona helleri (9),
Schwarziana quadripunctata (9), Paratrigona
subnuda (8), Trigona hyalinata (8), Friesella
schrottkyi (7), Plebeia emerina (7). Note that
there are nine different genera in the top 10 and
12 genera in the top 15. Does this mean that
bees in local bee assemblages tend to be from
different genera? To address this question we
calculated the number of different genera that
would have been found at random by means of
rarefaction analysis (Fig. 5). Four studies re-
ported significantly more genera than expected

and no studies reported fewer genera than ex-
pected. In total, 15 studies are found above the
line of expectation and only 6 below the line
(binomial test: P = 0.04). This seems to indi-
cate that the number of bee genera is overrep-
resented in at least some localities. The rea-
son may be that con-generic species are more
similar in foraging niche (and possibly nesting
niche) and suffer more competition from each
other than from less related species (see also
Martins et al., 2003). The observed pattern is
consistent with the concept of limiting similar-
ity (see discussion).

4. HAVE ALL SOCIAL APIDAE
EQUALLY BROAD DIETS?

When measuring resource use by organisms
we measure the organism’s realized niche.
This realized niche is a result of ecological
interactions with the organism’s fundamental
niche (Hutchinson, 1957; Keddy, 2001). The
fundamental niche is what a species would oc-
cupy in absence of competitors and it is lim-
ited by the morphological and physical capa-
bilities of the species. Niche differentiation,
i.e. species-specific specialization, and domi-
nance interactions between species are the two
mechanisms that lead to a species’ realized
niche. These two mechanisms are very diffi-
cult to infer from observations on the realized
niche. Single-species experiments can show
aspects of the fundamental niche. Stingless
bee species, for example, vary in their pref-
erence for sugar concentration when drinking
freely from feeders (Roubik et al., 1995) and
differences in body colour affect the thermal
properties of stingless bees (Pereboom and
Biesmeijer, 2003), which in turn leads to dif-
ferences in flower choice and in sugar con-
centration of the collected nectar (Biesmeijer
et al., 1999a, b).

Nineteen of the studies we selected pro-
vided bee abundance data that allowed us
to calculate niche breadth. The standardized
Shannon-Wiener function was calculated for
all social bee species with at least 10 plant
visits in a given study. Most species oc-
curred in one or only a few studies, except
for Trigona spinipes and Apis mellifera (both
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Table III. Average niche breadth (Shannon Index) of genera of social bees. The different letters in the last
column indicate statistical differences (ANOVA, F = 7.7, P < 0.0005; followed by Tukey HSD for multiple
comparisons).

Bee genus N Number of species Number of studies average ± SD
Scaptotrigona 14 7 9 0.26 ± 0.14 a

Partamona 7 1–2 7 0.37 ± 0.15 a/b

Frieseomelitta 7 4 6 0.40 ± 0.20 a/b/c

Nannotrigona 6 2 6 0.43 ± 0.18 a/b/c

Trigona 15 5 9 0.43 ± 0.19 b/c

Bombus 21 4 12 0.44 ± 0.13 b

Melipona 18 8 9 0.44 ± 0.14 b/c

Tetragonisca 7 1 7 0.50 ± 0.14 b/c/d

Plebeia 19 4–5 10 0.51 ± 0.11 b/c/d

Tetragona 6 3 5 0.53 ± 0.08 b/c/d

Paratrigona 5 2 5 0.56 ± 0.08 b/c/d

Trigona spinipes 17 1 17 0.59 ± 0.12 c/d

Apis mellifera 17 1 17 0.66 ± 0.11 d

occurred in 17 studies). To be able to compare
niche breadth among various groups of bees,
we grouped the remaining species per genus
(Tab. III). Niche breadth differed significantly
between two groups of social Apidae (those
indicated with index a and d in the rightmost
column in Tab. III). Niche breadth was low-
est for Scaptotrigona, and highest for the two
most common species, Trigona spinipes and
Apis mellifera.

4.1. Niche breadth reflecting
the fundamental foraging niche

Differences in niche breadth might reflect
differences in fundamental foraging niche.
However, we found that collective foraging
mode, colony size, and bee size did not ex-
plain differences in niche breadth (Kruskall-
Wallis test: P > 0.2 for all three comparisons).
In relation to foraging mode, the taxa forag-
ing in large groups were not homogeneous
in niche breadth, whereas the other two cate-
gories were homogeneous (Levene statistic =
4.67, P = 0.04; Fig. 6). Among the group
foragers, Scaptotrigona and Partamona have
the lowest niche breadth of all social Apidae,
whereas Trigona spinipes and Apis mellifera
have the broadest niches of all social Apidae
(Tab. III).

Figure 6. Box plot showing that the average niche
breadth is similar for species groups with different
collective foraging units. The variance is not homo-
geneous among the mass foraging species, which
is related to differences in foraging strategies (see
text).

The low niche breadth of Scaptotrigona and
Partamona is not a result of narrow floral spe-
cialization. They used a wide array of food
plants from more than 100 different genera and
niche breadth increased linearly with the num-
ber of food plants (Pearson correlation; both
genera: R2 = 0.998, P < 0.001, Scaptotrig-
ona 6 species, Partamona 5 species). Their
food sources seem to include a high proportion
of species with dense clusters of small white
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or cream-colored flowers. In-depth analysis of
traits of bee food plants is beyond the scope
of this paper, but may provide further insight
in niche breadth differences (e.g. Wilms and
Wiechers, 1997). Ramalho (1990) also men-
tions that Scaptotrigona has among the nar-
rowest diets in the suburban campus of the
University of São Paulo. Although, the bees
were installed next to the botanical garden
and a secondary forest rich in floral resources,
three Scaptotrigona species used fewer plant
species intensively for pollen collection than
species of 5 other stingless bee genera in
the same location. Below we will argue that
the heterogeneity in niche breadth among the
group foragers is related to differences in for-
aging strategies (non-aggressive group forag-
ing versus aggressive group foraging).

4.2. Niche breadth reflecting ecological
interactions

An influence of competition on realized
niches may be found by comparing niche
breadth across studies. Heithaus (1979a) ob-
served that the average degree of special-
ization (the opposite of niche breadth) in a
bee/wasp assemblage increases with the num-
ber of species. We found a similar relation
with average niche breadth decreasing with
increasing number of social Apidae (linear
regression: F = 8.96, P = 0.009, n = 18,
R2 = 0.32). On the other hand, niche breadth
was not related to resource availability (the
number of food plant species) or the species
packing (bees / food plant; linear regression:
both P > 0.8). Three of the 13 taxa (see
Tab. III) display a similar negative relationship
between social bee richness and niche breadth
across the studies (Paratrigona, Tetragonisca
and Trigona (not-including T. spinipes)), and
for 10 of the 13 taxa the sign of the correlation
is negative (binomial test: P = 0.04). The three
taxa mentioned above are very different in for-
aging tactics and it is not immediately clear
why they should respond more to large assem-
blages than the other taxa. The overall trend of
more specialization with more social bees sug-
gests that all foraging strategies are sensitive to
increased competitive pressure.

5. HOW ARE EUSOCIAL BEE
GENERA ASSOCIATED IN TERMS
OF FOOD CHOICE?

As mentioned before, the eusocial bees
in tropical lowlands differ dramatically from
most solitary bees in many traits. One of these
traits is that they are active throughout the sea-
son and necessarily have relatively broad di-
ets. The previous section showed that even
within the eusocial bees there are significant
differences in niche breadth. However, even
the taxa with the lowest niche breadth use a
wide range of food plants. This raises the ques-
tion whether all taxa use all plant species and
more importantly whether groups of species or
genera can be distinguished that are similar in
food plant use and differ from other groups.
In some of the studies a cluster-analysis had
been performed on the matrix of bee-plant
interactions, but a comparison across studies
has not been done before. We performed sim-
ilar cluster-analyses on all datasets and used
the results, i.e. degrees of association between
pairs of taxa, as the basis for an across-studies
cluster-analysis. The species identities vary
greatly between the studies, therefore we first
analyze whether con-generic species tend to be
closely associated in the individual studies.

5.1. Similarity in food plant use:
intrageneric comparison

Bees (like other organisms) will have most
competition with co-existing members of their
own species, and with other species in their
genus, because congeneric bees tend to be sim-
ilar, e.g. in size, colony structure, division of
labour, and foraging strategies. In the Brazil-
ian studies 28% of close associations (dis-
tance < 0.70) in all cluster-analyses are by
congeneric species pairs. This is significantly
higher than the 8% expected from random
clustering (Chi2-test: χ = 23.9, P << 0.001).
In other words congeneric taxa use more simi-
lar food sources than less-related taxa.
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Figure 7. Results from a cluster-analysis of 13 common taxa based on the degree of association between
taxa across all studies (for details on methods see text). Four bee characteristics are depicted in columns.
The wider the column the more prominent the feature (large colony size and bee size, larger foraging groups,
more aggressive foraging). The features that are insufficiently known are indicated by question marks. The
gray bar in the last column indicates that some Melipona species have a moderate tendency for aggression,
whereas others are more docile.

5.2. Similarity in food plant use among
social bee taxa

To be able to compare associations be-
tween taxa across studies we were limited to
using common taxa. Based on the species-
level cluster-analysis we pooled species within
genera, except for Trigona and Plebeia that
seem to be more variable in congeneric as-
sociation. For these genera we use the com-
mon species as units in our comparative anal-
ysis instead of data pooled from different
species. In total 13 taxa were sufficiently
common to be used in the comparative
analysis: the species Apis mellifera, Plebeia
droryana, Trigona spinipes, Trigona hyali-
nata; genera represented by a single species
in our datasets Tetragonisca (angustula),
Schwarziana (quadripunctata) and genera with
pooled data from multiple species: Bombus,
Frieseomelitta, Melipona, Partamona, Para-
trigona, Scaptotrigona, and Nannotrigona.

For details on the comparative analysis see
Methods section.

The new cluster-analyses per study were
used to calculate the number of strong associa-
tions (distance ≤ 0.5), weak associations (dis-
tance ≤ 0.7) and all cases of co-occurrence
across the studies. A matrix of the percent-
ages of weak associations between taxa (of all
possible co-occurrences) was then used for a
higher-taxa across-studies cluster-analysis.

The cluster-analysis (Fig. 7) shows that two
main groups exist and four very loosely associ-
ated taxa. The first group consists of five taxa,
with Apis and T. spinipes having the strongest
association (of all taxa). This is not surpris-
ing since they have very broad diets (Tab. III)
and necessarily overlap considerably in the
food plants they use. The other three taxa in
that group are (probably) non-aggressive for-
aging with no or poor recruitment to food
sources and thus largely individual foraging
(Aguilar et al., 2005; experimental data for
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Paratrigona and Brazilian Plebeia are lack-
ing). The second group includes two non-
aggressive group foragers, Scaptotrigona and
Partamona (e.g. Slaa, 2003), as well as
Melipona and Schwarziana quadripunctata
that may display similar foraging strategies.

Of the four remaining taxa, Bombus is
most different from all other taxa in food
plant use. Bumblebees are larger and stronger
than all other eusocial Apidae and are (with
Melipona) the only buzz-pollinators among
the taxa. Since few authors recorded whether
bees collected pollen or nectar from the flow-
ers it remains unclear whether Bombus is an
outlier based on a set of buzz-pollinated pollen
sources or also on unique nectar sources. The
other non-associated taxa are Frieseomelitta,
Trigona hyalinata, and Nannotrigona. Little
is known about these taxa, but they represent
very different foraging strategies (Nieh et al.,
2003; Slaa, 2003; Jarau et al., 2003).

Being associated strongly in relation to
food sources does not necessarily mean that
species compete. Spatial and temporal patterns
vary continuously. However, if species share
many of their food plants interactions are more
likely than if they share few resources. Avoid-
ance behaviour, on the other hand, may ex-
press itself as a weak association. If we an-
alyze the prevalence of strong and weak as-
sociations across taxa it becomes clear that
most taxa have a similar ratio of weak and
strong interactions (Fig. 8a; Pearson correla-
tion: ρ = 0.61, P = 0.03, n = 13). The only
taxon that deviates strongly from this corre-
lation is Nannotrigona for which most as-
sociations with other taxa are strong. This
seems surprising, because this bee is a rather
small, non-aggressive forager with poor re-
cruitment (Slaa, 2003). How can she cope
with high overlap in food source use? Food
source communication in Nannotrigona con-
sists of general agitation behaviour and lacks
information on food source location (Lindauer
and Kerr, 1960). The result is that individu-
als quickly spread out over the surroundings to
find any food source with the odour indicated
by the scouts. In an experiment on recruitment
and food source discovery (Slaa, 2003), Nan-
notrigona was indeed very fast to recruit and to
find new food sources near the recruitment tar-

get reported by scouts. By continuously mov-
ing to unexploited food sources, leaving a food
source when the aggressive group foragers ar-
rive and returning after they left, Nannotrig-
ona is able to use similar food sources as many
other bees, but at the same time have limited
physical encounters at food sources (Johnson,
1983; Slaa, 2003). Nannotrigona will thus be
found in low numbers on many flower patches,
hence its niche breadth and high overlap with
many other taxa. Its strongest association is
with the aggressive group forager T. hyalinata
(Fig. 7) which uses the strategy, that several
Trigona use, of laying scent trails to lead large
groups of recruits to highly profitable food
sources that are then monopolized and fiercely
defended against other bees (Nieh et al., 2003;
Johnson and Hubbell, 1974; Slaa et al., 2003).
This is time and work force intensive tactic and
neither leads to fast recruitment, nor to quick
discovery of new food sources (Slaa et al.,
2003). Therefore it may provide opportunities
for the Nannotrigona strategy to persist.

There is also a strong correlation between
niche breadth and the percentage of strong
associations (Fig. 8b; Pearson correlation:
ρ = 0.65, P = 0.02, n = 12). This merely re-
flects the fact that if many plant species are vis-
ited, interactions with other species are more
likely. More interesting are the taxa that devi-
ate from this pattern: Bombus and Nannotrig-
ona. Bombus has fewer strong associations
and Nannotrigona has more strong associa-
tions than expected from the correlation. This
confirms what we discussed before. Bombus
uses different plant species than the other euso-
cial Apidae. Nannotrigona shares many plant
species, but probably avoids physical interac-
tions through its specific foraging strategy. The
percentage of strong associations is not corre-
lated with bee size, colony size or group forag-
ing strategy (Pearson correlation: all P > 0.2).

6. DISCUSSION

The aim of this meta-analysis was to elu-
cidate some general patterns in social bee as-
semblages and their relations with food plants,
and try to link these patterns with ecologi-
cal and behavioural traits of the bees. The
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Figure 8. Upper graph: the ratio between close associations (high similarity in food sources) and weak asso-
ciations (moderate similarity in food sources) can be seen as an indication for the importance of food source
overlap (see text). In general, the more weak associations, the more strong associations. Interestingly, some
taxa deviate from this rule. Possible reasons for this are discussed in the text. Lower graph: in general, social
bees with broader food niches tend to overlap more with other social bee taxa (higher percentage of strong
associations). Bombus and Nannotrigona deviate strongly from this pattern. For details on calculations and
methods see text.

foraging patterns observed in the field repre-
sent the realized food niche and are the re-
sult of biotic and abiotic interactions work-
ing on top of the fundamental food niches of
the participants. Information on complex trop-
ical interaction networks is relatively scarce

and tends to be limited to a single location
(Roubik, 1979, all studies in Tab. I) or a few
habitats (Heithaus, 1974, 1979). The studies
we selected are unique in that they are very
homogeneous in methodology and yet span a
wide range of tropical and subtropical habitats.
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This allowed us to perform the first quantita-
tive meta-analysis of the structure of social bee
assemblages. Here we summarize and discuss
the main findings.

Social Apidae are common throughout
Brazil, but the size of assemblages varies con-
siderably from less than 10 in semi-arid habi-
tats to 20–30 in savanna woodlands and At-
lantic rain forest to 40 or more in the Amazon
(Tab. I; Ducke in Roubik 1979, 1989). Local
richness could not be explained by latitude or
floral resources and was only weakly related to
habitat (semi-arid harbouring less species).

Assemblages tend to consist largely of bees
of different genera (Fig. 5). This is consistent
with the idea of limiting similarity (MacArthur
and Levins, 1967; Abrams, 1983) that states
that co-existing species should be different in
resource use. Where multiple species of a sin-
gle genus co-exist, they tend to have a high
similarity in food plant use. In these cases
there might be either temporal or spatial sepa-
ration of resources or scramble competition for
rich food sources. Many non-aggressive indi-
vidual and group foragers experience scram-
ble competition when foraging and do not
physically interact with other non-aggressive
species (Slaa et al., 2003). Non-aggressive
taxa (Bombus, Melipona, Scaptotrigona, Ple-
beia and Frieseomelitta) accounted for more
than 90% (30 of 31 associations) of all cases
of high overlap in floral resource use between
congeneric taxa. The remaining association
was between two aggressive Trigona species
in a study where 6 of the 22 social bees were
Trigona and the probability of a strong associ-
ation between two of them was relatively high.
The two most common aggressive group for-
agers, T. spinipes and T. hyalinata, have very
different diets (Fig. 7) and probably do not in-
teract regularly during foraging. This does not
necessarily mean that scramble competition is
a way to pack more species in the same niche
and avoid the limiting similarity paradigm.
Non-aggressive congeneric taxa can show very
subtle niche partitioning that studies on flower
visitation cannot reveal (e.g. Biesmeijer et al.,
1999a, b).

Interestingly, the medium-sized scramble
competitors are closely related in floral re-
source use (Fig. 7). The core of their food

plants seems to consist of mass-flowering trees
and shrubs with small white or creamy flow-
ers (e.g. Ramalho et al., 1990). In the At-
lantic rain forest, for example, 30% of the
social bee food plants exhibit mass-flowering
sometimes restricted to a single day each year
(Wilms et al., 1996). A single mass-flowering
tree is normally too big to be monopolized
by a colony of aggressive Trigona bees and
if several trees synchronize there flowering all
scramblers quickly mobilize their work force
to exploit the resource virtually undisturbed.
They probably collect most of their pollen and
nectar reserves (to survive dearth periods) in a
couple bouts of superabundant resource avail-
ability.

Three other stingless bee taxa are also
largely scramblers (although confirmation is
needed for Paratrigona and Plebeia droryana;
Fig. 7). They cluster together with the two su-
pergeneralists, the honeybee and T. spinipes.
All of them are small bees with no or poor re-
cruitment and they forage individually or in
small groups (Johnson, 1983; Aguilar et al.,
2005; Slaa, 2003; Biesmeijer and Slaa, per-
sonal observation). We often observed inter-
actions between these small bees and aggres-
sive foragers at our sugar-water feeders (Slaa,
2003). They carefully pick a drinking place,
quickly fill up and left the scene. The much
larger Trigona did not seem to mind their pres-
ence although sometimes a small bee was at-
tacked and instantly killed. The small bees
tend to be most numerous after the aggressive
foragers had left (Johnson, 1983; Slaa, 2003).
They cleaned up the leftovers. This strategy
has also been observed in semi-arid Caatinga
and is referred to as persistent insinuation
(Martins and Aguilar, 1992; see also Johnson,
1983). In this way small-sized scramblers can
share the rich food sources with the dominant
group foragers, something that medium-sized
non-aggressive scramblers cannot easily do.

We need to mention here that the patterns
of social bee food plant use recorded over the
last decades in Brazil must not be interpreted
lightly as species-specific patterns. The rea-
son being that one of the largest natural ex-
periments ever may have influenced foraging
in native social bees in Brazil: the arrival and
prolific spread of the African honeybees in the
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Neotropics. It is hard to imagine that the mil-
lions of honeybee colonies that currently co-
exist with the native social bees will not have
reshaped the interactions. Indeed, honeybees
tend to scare off some larger stingless bees
from flower patches and may have negative ef-
fects on colony foraging (reviewed in Roubik,
1989). It may be that the impact is largest on
the aggressive group foragers that are often
not strong enough to eliminate Apis from food
sources, which in turn may give other scram-
blers the opportunity to join in. On the other
hand, Apis has large colonies and very efficient
recruitment aimed at quick harvesting of the
richest food sources. This potentially removes
much of the food of the other medium-sized
and large scramblers, e.g. Partamona, Scap-
totrigona, Melipona. From our analysis we
cannot determine whether the narrower niches
of Partamona and Scaptotrigona are a result
of their foraging strategies, of the interactions
with Apis, or both. European honeybees seem
to have responded to the arrival of the African
bees in Yucatan by shifting flower choice and
increasing resource specialization (Villanueva
and Roubik, 2004) which suggests something
similar might have happened to stingless bees.

The advantage of the large set of studies
that we used is the consistency in their sam-
pling methods. This allowed us to perform a
comparative quantitative analysis across habi-
tats over a long latitudinal range. The struc-
ture of the social bee assemblages in these
studies showed a certain degree of similar-
ity and the broad associations between the
different social bee groups (introduced hon-
eybees, stingless bees and bumblebees) are
clearly correlated with specific traits of their
foraging ecology. The generality of our find-
ings could be analyzed using palynological
studies (e.g. Ramalho et al., 1990) and stud-
ies of nesting assemblages (see Roubik, 2006;
Slaa, 2006). The broad ecological inventories
that we used in our meta-analysis do neither
reveal the influence of flower characteristics
on food choice, nor do they elucidate the in-
tricate details of spatial and temporal niche
differentiation. A thorough understanding of
social bee – food plant interactions can only
be obtained by investigating all different lev-

els: resource characteristics, pollinator forag-
ing preferences, and pollinator interactions.
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Résumé – Structure des ensembles d’abeilles eu-
sociales au Brésil. Les relations abeilles sociales-
plantes alimentaires ont été abondamment étu-
diées, en particulier dans les néotropiques. Il s’agit
pourtant de la première comparaison quantitative
et d’une synthèse d’un large ensemble d’études
(28) remarquablement similaires s’intéressant aux
plantes alimentaires des abeilles eusociales au Bré-
sil (Tab. I, Fig. 1). Un autre ensemble d’étude n’a
pas pu être inclus pour diverses raisons (Tab. II).
Les sites d’étude comprennent la forêt tropicale, la
savane arborée (cerrado), les régions boisées semi-
arides (caatinga), les dunes et les habitats modi-
fiés. Le schéma de la richesse en abeilles sociales,
de la taille de la niche et des associations entre
taxons d’abeilles sociale peut s’expliquer en partie
par les différences propres aux espèces concernant
le comportement, les caractéristiques de butinage
et la réponse à la compétition interspécifique. Les
ensembles d’abeilles sont constitués d’un nombre
semblable d’Apidae sociaux mais en pourcentages
plus élevés lorsqu’on se rapproche de l’équateur
(Figs. 2, 3). Les habitats semi-arides hébergent lé-
gèrement moins d’Apidae sociaux que les autres ha-
bitats et les forêts amazoniennes sont probablement
les plus riches. La taille de la niche varie de façon si-
gnificative entre abeilles eusociales ; les butineuses
en groupe de taille moyenne et non agressives, par
ex. Scaptotrigona, Partamona, ont la niche la plus
étroite, les super-généralistes, tels que Trigona spi-
nipes, Apis mellifera, ont le régime le plus vaste
(Tab. III). La taille de la niche décroît généralement
avec le nombre d’espèces d’abeilles sociales que
compte l’ensemble, indiquant que la compétition
interspécifique influence le choix du régime. L’ana-
lyse de groupement des taxons communs montre
la présence de deux groupes principaux en termes
d’utilisation des plantes alimentaires (Fig. 7) :
les butineuses en groupe de taille moyenne et
non agressives (Scaptotrigona, Partamona, Schwar-
ziana, Melipona) et un autre groupe comprenant
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les butineuses en groupe agressives de Trigona
spinipes, l’Abeille domestique et trois petits bou-
sculeurs (Plebeia droryana, Tetragonisca, Paratri-
gona). Bombus, Trigona hyalinata, Nannotrigona et
Frieseomelitta ne sont associés à aucun autre taxon.

Apidae / abeille sans aiguillon /Meliponini / com-
pétition / partage des niches

Zusammenfassung – Die Struktur eusozialer
Bienenansammlungen in Brasilien. Die Bezie-
hungen zwischen sozialen Bienen und Nahrungs-
pflanzen sind gut untersucht, besonders auch in
den Neotropen. Dies ist die erste zusammenfas-
sende quantitative Untersuchung eines großen Be-
stands an bemerkenswert einheitlichen Studien,
die sich mit eusozialen Bienen und ihren Futter-
pflanzen in Brasilien befassen (Tab. I, Abb. 1).
Ein weiterer Bestand an Untersuchungen konn-
te aus den verschiedensten in Tabelle II geliste-
ten Gründen nicht einbezogen werden. Die Un-
tersuchungsgebiete schlossen Regenwald, Savanne,
Waldgebiete (Cerrado), Habtrockenwälder (Caatin-
ga), Dünen und veränderte Habitate ein. Die Ver-
teilungsmuster des Reichtums an sozialen Bienen,
der Nischenbreiten und der Assoziationen zwi-
schen den Taxa sozialer Bienen konnte zum Teil
aus artspezifischen Verhaltensunterschieden, Sam-
meleigenschaften und der Reaktion auf zwischen-
artlichen Wettbewerb erklärt werden. Bienenan-
sammlungen enthalten in Richtung auf den Äqua-
tor ähnliche Bienenanzahlen, aber höhere Anteile
an sozialen Bienen (Abb. 2, 3). In halbtrockenen
Habitaten waren soziale Bienen geringfügig selte-
ner vertreten, in den Amazonaswäldern waren sie
vermutlich am häufigsten. Die Nischenbreite va-
riierte signifikant zwischen eusozialen Bienen mit
mittelgroßen nicht-aggressiven Gruppensammlern,
wobei zum Beispiel Scaptotrigona und Partamo-
na das engste und Supergeneralisten wie Tri-
gona spinipes und Apis mellifera das am stärk-
sten gefächerte Nahrungsspektrum hatten (Tab. III).
Die Nischenbreiten nahmen generell mit der An-
zahl sozialer Bienenarten in den Ansammlungen
ab, dies weist darauf hin, dass das Nahrungs-
spektrum durch zwischenartliche Konkurrenz be-
einflusst wird. Klusteranalysen der verbreitetsten
Arten zeigten im Bezug auf das Futterpflanzen-
spektrum zwei Hauptgruppen auf (Abb. 7): mittel-
große nichtagressive Gruppensammler (Scaptotri-
gona, Partamona, Schwarziana, Melipona) und ei-
ne Gruppe mit den agressiven Gruppensammlern
Trigona spinipes, Honigbienen und drei kleinen
Drängler (Plebeia droryana, Tetragonisca, Paratri-
gona). Bombus, Trigona hyalinata, Nannotrigona
und Frieseomelitta waren mit keiner der anderen
Taxa assoziiert.

Vergesellschaftungsökologie / Stachellose Bie-
nen / Wettbewerb / Nischenaufteilung / Melipo-
ninen / Apidae
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