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In social insects, uniform nesting patterns are generally believed to
indicate competition for food, and frequently occur within and
between territorial ant species. Spatial nesting patterns in a
Neotropical stingless bee community were analysed, and data of a pre-
vious study were re-analysed using improved methods. In my commu-
nity, only nests of the aggressive species Trigona corvina were overdis-
persed. Non-aggressive species never showed uniform nesting pat-
terns, and nests of aggressive group foraging species were not overdis-
persed from each other. Of the four species previously reported to have
uniform nesting patterns, actually only one species, the aggressive for-
ager T. fulviventris, showed an overdispersed nesting pattern. The
results suggest that overdispersion may only occur in aggressive
species, and that in my community interspecific competition for food
is probably low. Relatively low nest densities and the need for study
plots with a low boundary to area ratio are limiting factors in the use
of nesting patterns as a tool for measuring competition for food.
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Stingless bees comprise a highly diverse and abundant group of several hundred
species of eusocial bees that inhabit the tropical and subtropical parts of the
world (Michener 2000). They form perennial colonies from which they forage
for food, mainly nectar and pollen. Stingless bees are true generalists, and
species show high overlap in their diets (e.g. Heithaus 1979, Roubik 1989,
Biesmeijer & Slaa 2006). Stingless bee communities are species diverse, with
overlapping foraging ranges among neighbouring colonies (e.g. Hubbell &
Johnson 1977, Slaa 2003). This potentially causes competition for food.
Competition for food is well known within the group of stingless bees (e.g.
Johnson & Hubbell 1974, Johnson 1983, Nagamitsu & Inoue 1997, Slaa 2003),
although only a fraction of all species is known to show aggressive foraging
(Biesmeijer & Slaa 2004).

PROC. NETH. ENTOMOL. SOC. MEET. - VOLUME 17 - 2006 71
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Food competition may affect the spatial distribution of nests. In ants, nests
belonging to the same or closely related species are often overdispersed, i.e. nests
are more uniformly distributed than expected from random (Hölldobler &
Wilson 1990). Several independent observations indicate that overdispersion is
directly linked to competition for food, with shifts to random nest distribution
when food is relative abundant (Hölldobler & Wilson 1990). The most common
mechanism of nest overdispersion seems to be direct aggressive interactions, i.e.
territoriality (Johnson et al. 1987, Hölldobler & Wilson 1990). Nest overdispersion
seems common across the social insects (Hölldobler & Wilson 1990), and has
been found for three species of aggressive stingless bees (Hubbell & Johnson
1977). Interestingly, the nesting pattern of a non-aggressive stingless bee,
Scaptotrigona pectoralis, has also been reported as overdispersed (Hubbell &
Johnson 1977). It has been proposed that overdispersion of non-aggressive
colonies can result from indirect exploitation competition for food, when
exploitation of limiting resources is heavier closer to the nest (Johnson et al. 1987).

Stingless bees also compete for nest sites (Hubbell & Johnson 1977, Dijkstra
et al. 1999). Nests are generally associated with trees with most species nesting
in tree cavities, showing little selectivity for tree species and large overlap in
cavities used (Hubbell & Johnson 1977, Slaa 2003). Two independent studies
concluded that forest populations were mostly limited by food, rather than by
available nest sites (Hubbell & Johnson 1977, Eltz et al. 2002). In contrast, Inoue
et al. (1993) found that colony density of a Trigona minangkabau population in
Sumatra more than doubled when artificial nest sites were created, indicating
that available nest sites were the limiting factor in this population.

In this paper I analyse whether competition for food is reflected in stingless
bee spatial nesting patterns. I try to answer three questions: 1) Does intra-specif-
ic nest overdispersion occur in both aggressive and non-aggressive species? 2)
Are nests of hetero-specific species overdispersed? 3) Are there differences in
spatial nesting patterns between forested and deforested areas? Deforestation is
an ongoing problem for most tropical habitats where stingless bees are native
(e.g. Whitmore 1997). Many stingless bee species do survive in deforested areas
but deforestation has a large impact on available resources, reducing nest sites
and possibly also food sources.

MATERIALS AND METHODS
The study site is located in the dry seasonal lowlands around Pozo Azul de
Abangares, Guanacaste, Costa Rica (10° 10-12’ N, 84° 53-54’ W; altitude 100-
350m), 57 km SE of the study plot of Hubbell & Johnson (1977). A forest rem-
nant (8.3 ha) and a highly deforested area (finca plot: open grassland with isolat-
ed trees; 40.7 ha) were intensively searched for stingless bee nests. All nests were
mapped at the end of a 3-year intensive stingless bee survey when most existing
nests had been discovered (April 2001, see Slaa 2003 for details).
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Nest spacing was calculated using nearest neighbour (NN) distances. Spatial
distribution patterns are generally analysed by calculating an index of aggrega-
tion (R), using the method of Clark and Evans (Krebs 1999). This method
requires a boundary strip around the plots, and failure to include such a strip
leads to biases in favour of regular patterns (Sinclair 1985 cited in Krebs 1999).
However, few studies use boundary strips because it reduces sample size, and
patterns that are actually random have been reported as uniform (Krebs 1999).
The only study that has reported on stingless bee spatial nesting patterns so far
also failed to include a boundary strip (Hubbell & Johnson 1977). The Donnelly
(1978) modification of the Clark and Evans test allows for excluding a boundary
strip (cited in Krebs 1999), and this method was used to analyse the distribution
of nests in the study plots. The distribution data of Hubbell & Johnson (1977)
were reanalysed using this same modification. An important criterion of the
Donnelly modification is that the boundary to area ratio is not too high, which
was not met for our forest plot. A subplot with a smoother boundary was select-
ed where colony density was highest (3.26 ha, see Slaa 2003 for details). For all
statistical tests a significance level of 5% was used.

RESULTS
At the study site, nests of 14 species of stingless bees were found. Only five of
these species show aggressive defence of food sources: Trigona corvina, T.
amalthea, T. fulviventris, T. fuscipennis and Oxytrigona mellicolor (Slaa et al. 2003,
Biesmeijer & Slaa 2004). Nest density differed highly among the species and
between the study plots, with a maximum of 1.45 nests/ha (S. pectoralis, forest
plot).

In the forest plot, only the non-aggressive species Nannotrigona testaceicornis,
Tetragonisca angustula and S. pectoralis were present in sufficiently high colony
numbers to determine spatial patterns. All four colonies of N. testaceicornis were
located in a single tree (Table 1). Nests of T. angustula were also significantly
aggregated, whereas nests of S. pectoralis were randomly dispersed (Table 1). At
the beginning of the survey, two S. pectoralis nests were located in the same tree,
and two other nests were located only 18 m from each other. Although Hubbell
& Johnson (1977) reported a uniform distribution for S. pectoralis, re-analysis of
their data revealed that S. pectoralis nests in the Bagaces plot were randomly dis-
tributed as well (Table 2).

For the finca, the distribution patterns could be calculated for the non-aggres-
sive foragers T. angustula, T. dorsalis, C. capitata and P. frontalis, and for the
aggressive T. corvina. Nest distribution did not differ from random for any of
these species, although nests of T. angustula and P. frontalis tended to be clumped
(Table 1). Lack of suitable nest sites may have influenced the nest distribution
of T. corvina, which tends to restrict its nests to spiny or very large trees (Slaa
2003). Although many spiny Bombacopsis quinata trees were present, these were
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mainly used as living fences and were far from randomly spaced. At another,
more homogeneous plot 450 m east of the finca plot (Lagon plot), six T. corvina
nests were indeed found to be uniformly distributed (Table 1). The minimum
distance between T. corvina nests was equal for the Lagon and finca plots (120
m), and none of the other nests outside the study plots were found closer to each
other. This suggests that T. corvina maintains a territorial area around the nest
with a radius of 120 m, and that nest spaces in the finca plot were limited for T.
corvina, precluding a uniform distribution pattern. Average nearest neighbour
distances for T. corvina in the Lagon plot (145±29 m, Table 1) were very similar
to those for T. fuscipennis in Bagaces (167±39 m, Table 2), a species very similar
to T. corvina with regard to morphology, colony size, and foraging behaviour
(Johnson 1983, Slaa et al. 2003).

Unfortunately, nest density of the other aggressive group foragers (T.
amalthea, O. mellicolor, T. fulviventris and T. fuscipennis) was too low to assess spa-
tial distribution patterns. Nevertheless, conspecific nests of aggressive group
foraging species were never found within the same tree, and the minimum dis-
tance between conspecific nests was high (T. amalthea 610 m, N=7; O. mellicolor
285 m, N=9; T. fulviventris 220 m, N=5). These minimum distances correspond
very well with the average NN distances found by Hubbell & Johnson (Table
2), and this suggests that these species may be territorial as well.

Although Hubbell and Johnson (1977) found that aggressive group foraging
species were also overdispersed among each other, this was not the case in Pozo
Azul (Table 1). Hetero-specific nests of aggressive group foragers were in fact
found at short distances, both in the finca (O. mellicolor – T. amalthea: 30 m), and
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Table 1. Spatial distribution of con-specific and hetero-specific1 nests in the forest and
deforested plots. Only species with at least four nests in a single plot were considered.
The Index of Aggregation (R) is corrected for lack of boundary strips around the plots.
R>1 indicates a uniform distribution, R<1 indicates an aggregated distribution. NN:
Nearest neighbour distance.

Average NN Range 
Area Species N ±SD (m) (m) R P
Forest (3.26 ha) N. testaceicornis 4 0±0 - 0.00 <0.01

S. pectoralis 7 43±15 25-64 1.05 0.74
T. angustula 6 17±18 0-39 0.38 0.01

Finca (40.7 ha) T. angustula 23 61±46 0-134 0.82 0.13
C. capitata 7 194±127 60-384 1.30 0.19
T. dorsalis 4 256±28 233-290 1.20 0.50
P. frontalis 4 98±145 5-310 0.46 0.07
T. corvina 7 186±50 120-250 1.24 0.28
Aggressive group foragers1 11 125±69 30-250 1.10 0.59

Lagon (16.9 ha) T. corvina 6 145±29 120-198 1.60 0.02
1T. corvina (n=7), T. amalthea (n=2), and O. mellicolor (n=2).



in the forest (O. mellicolor – T. amalthea: present in a single tree, T. corvina – T.
amalthea: 30 m). Unfortunately it was impossible to recalculate the hetero-specif-
ic nesting patterns reported by Hubbell and Johnson (1977) due to lack of infor-
mation on area size and boundary length.

DISCUSSION AND CONCLUSIONS
The use of nest dispersion as a tool to measure competi-
tion for food
In territorial ants, the spatial distribution of nest sites is correlated with food
availability (see Hölldobler & Wilson 1990), and therefore seems a good indica-
tion of competition for food. In stingless bees, nest sites of two aggressive species
have been found overdispersed so far (Tables 1 and 2). Nests of non-aggressive
foragers have never been found to be overdispersed, even in areas where nests of
aggressive foragers are overdispersed (e.g. S. pectoralis: Table 2). In fact, nests of
some non-aggressive foragers have been found close together, or even clumped
(several Scaptotrigona, Partamona, Nannotrigona and Tetragonisca; Michener 1946,
Hubbell & Johnson 1977, Roubik 1983, Engels & Imperatriz-Fonseca 1990, Table
1). Therefore, nest overdispersion seems to occur only in aggressive species.

Analysis of nesting patterns may be restricted by the size of the study area (it
should be large enough to harbour multiple nests, ideally > 7, Donnelly 1978 cited
in Krebs 1999), and the shape of the study area (the need for a low boundary to
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Table 2. Spatial distribution of stingless bee nests in the ‘Bagaces’ forest plot as calculat-
ed by Hubbell & Johnson (1977) and after applying the Donnelly correction for lack of a
boundary strip around the plot. N=number of nests, calculated from nest density (Table
5 Hubbell & Johnson 1977). R gives the index of aggregation following Clark and Evans
(Krebs 1999). Values for T. silvestriana (=T. amalthea) could not be re-calculated due to
lack of information on the extended plot area and length of the boundary. NN: Nearest
neighbour distance.

Average NN Hubbell & Johnson 1977 Donnelly correction
Area Species N ±SD (m) R P R P
Intensively mapped (13.4 ha)

T. fuscipennis 4 167±39 1.84 <0.01 1.24 0.56
T. fulviventris 3 175±9 1.65 <0.05 1.05 0.92
S. pectoralis 6 124±40 1.61 <0.05 1.19 0.58
T. dorsalis 5 77±50 0.94 0.78 0.67 0.38
T. amalthea 1

Total study area (36.7 ha)
T. fuscipennis 7 158±39? 1.38 <0.15 1.15 0.50
T. fulviventris 8 183±15 1.72 <0.01 1.45 <0.05
S. pectoralis 10 116±49 1.24 0.08 1.06 0.74
T. dorsalis 10 92±40 0.98 0.45 0.84 0.40
T. amalthea 3 576±31 2.76 <0.01



area ratio, Krebs 1999), which may be a problem in fragmented habitats. In addi-
tion, further studies are needed to confirm that nest overdispersion in stingless
bees is indeed a result of present-day competition.

Intra-specific competition for food?
Unfortunately colony density of aggressive group foragers in the selected sub-
plot in the forest was too low to test for intra-specific nest spacing. In the defor-
ested area, only T. corvina was present in sufficiently large numbers to test for
overdispersion. Where potential nest sites were abundant (Lagon), nests were
overdispersed, suggesting competition for food. However, at the nearby finca
plot nest sites were probably limited.

Interspecific competition for food?
Competition for food will be highest among members of the same species,
because they have exactly the same requirements. However, overlap in diet
between stingless bee species is generally high, especially within genera (e.g.
Biesmeijer & Slaa 2006). Therefore the aggressive Trigona species of Pozo Azul
probably shared a fair fraction of their food plants, potentially leading to inter-
specific competition. The close proximity of nests of hetero-specific aggressive
group foragers in the forest plot suggests that species did not strongly compete
for food, in contrast to the findings by Hubbell and Johnson (1977). This could
be due to the secondary vegetation surrounding the small forest remnant, pro-
viding the forest-based colonies with ample forage. Indeed, the presence of non-
forest plants and agricultural crops such as corn can provide an important food
source for bees, and seems to affect nest density positively (Eltz et al. 2002). The
absence of uniform nest spacing among four aggressive foraging species in the
deforested area (Table 1) suggests that species did not compete for food there
either. In this deforested area, which was mainly used for small-scale cattle rang-
ing and contained mass-flowering trees and small agricultural plots, nest sites
were probably more limiting than food. However, nest sites are not necessarily
limiting in all deforested habitats for all species, as indicated by overdispersion
of T. corvina nests in a bordering deforested plot (Lagon, Table 1).

Although natural stingless bee populations in large intact forests are proba-
bly limited by food, as suggested by previous studies, deforestation decreases
nest site availability and may increase food availability. This potentially causes
a shift in the most limiting resource from food to nest sites.
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