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Daily activity rhythm of the African stingless bee
Hypotrigona gribodoi (Hymenoptera: Meliponini) in the dry
season, with notes on nest structure and colony composition

Prince E. Asante' & Christopher K. Starr

Abstract. We studied 18 colonies of Hypotrigona gribodoi (Magretti) nesting in the tubing of a
disused horticultural sprinkler system during the late dry season in Ghana, West Africa. Flight
activity began around dawn (about 06:00), rising to a peak in the half-hour starting 07:30 and
gradually declining to end around dusk (about 18:00). Bees returning with pollen showed a
more extended peak from 07:30 to 09:00. Dissection of 18 nests showed a mean inner volume of
466.5 ml, while 17 active colonies had a mean number of 851 adults. Colony size is positively
correlated with nest size. It is likewise positively correlated with the fraction of fully mature
adult females. Several nests had branching entrance tubes with an angle of roughly 30° between
branches. In each of three such nests studied, there was a marked division in the use of the two
branches, such that one served mainly as an exit and the other as an entrance.

INTRODUCTION

Hypotrigona gribodoi (Magretti) is one of 31 known species of stingless bees (Api-
dae: Meliponini) in Africa (Pauly & Vereecken, 2013). Itis found throughout the great-
er part of sub-Saharan Africa, where it can be locally abundant (Eardley, 2004). This
and other species of Hypotrigona Cockerell have been the subject of numerous studies
of aspects of nesting biology (Bassindale, 1955; Darchen, 1972, 1973, 1977, 1985; Darch-
en & Delage-Darchen, 1971; Keeping et al., 1982; Kirchner & Friebe, 1999; LeThomas et
al., 1988; Lobreau-Callen et al., 1990; Moritz & Crewe, 1988; Pooley & Michener, 1969).
Hypotrigona spp. are known to nest in a variety of cavities, many of them irregular and/
or very narrow. It is suggested that building cells in clusters, rather than combs, in
many stingless bees is an adaption to utilizing such constrained nesting spaces (Melo,
2021; Michener, 2007).

! Department of Zoology, University of Ghana, P.O. Box 67, Legon, Ghana.
2 Caura Village, Trinidad & Tobago (ckstarr@gmail.com).
doi: https://doi.org/10.17161/jom.i115.16251

Copyright © P.E. Asante & C K. Starr.
Creative Commons Attribution-NonCommercial-NoDerivatives 4.0 International (CC BY-NC-ND 4.0).
ISSN 2325-4467


https://creativecommons.org/licenses/by-nc-nd/4.0/
https://doi.org/10.17161/jom.i113.18139

2 JOURNAL OF MELITTOLOGY No. 115

Bassindale (1955: fig. 2) described five relative ages of adult females in this species
according to the relative lengths of the forewing and gaster and the pigmentation of
the body, inferring that these form a maturation series, rather than polymorphism.
Stage 5 seems most distinct in Bassindale’s description, having the gaster shorter than
the forewings and the head, thorax and terga black throughout. These are the outside
workers that forage and stand guard at the nest entrance. Without exactly determin-
ing the durations of the different stages, his observations of two lab colonies suggested
that stage 1 lasts only about three days and that stage 5 is especially long-lasting.

Here we report on the daily activity schedule, colony composition and some as-
pects of the nest of H. gribodoi. Part of our results have to do with a significant minority
of nests with forked entrance tubes, such that bees departing or returning have a bi-
nary choice between the two branches. Nests with double entrances have been noted
as an occasional phenomenon in several social wasps (Starr, 1989; White & Starr, 2013;
J.W. Wenzel, pers. comm.) and various stingless bees (Roubik, 2006). The wasps were
shown preferentially to treat one hole as an exit and the other as an entrance in the two
colonies where this was studied (Starr, 1989; White & Starr, 2013).

MATERIAL AND METHODS

Our study site was the Botanical Garden of the University of Ghana (536'N
0°11"W), with all observations in February-March 2001 toward the end of the Decem-
ber-March dry season. By the end of our study there had been virtually no rain in the
previous 10 weeks. In the long plastic tubes of an old irrigation system running hori-
zontally overhead in a disused greenhouse, we found 19 H. gribodoi nests, all but one
occupied by active colonies. The tubes had a uniform inner diameter of 2.9 cm, hence
an inner cross-sectional area of 6.5 cm2. The many sprinkler holes in the tubing were
sealed by cerumen except for those few serving as nest entrances. An entrance tube
projected from each entrance hole.

We studied the daily flight rhythm in eight colonies. Using mechanical counters,
we recorded during 15 min of each half-hour period the number of a) departures, b)
arrivals with pollen in the pollen baskets, and c) arrivals without pollen.

In order to study internal nest structure and colony size, we first sealed all en-
trance holes in three long tubes in the early nighttime, when all workers were presum-
ably present. We then froze the tubes overnight in a cold-room at -15° C. After thaw-
ing the tubes for several hours, we cut them open along their length. Nest length was
shown by the separations at each end.

A preliminary examination showed very few males in any colony. Because the
total number of adults amounted to some thousands, in recording colony size we al-
lowed ourselves to count females and males together without taking the time to sex
them. However, in determining proportions of adults of different ages, we examined a
haphazard sample of 100 females from each of 15 colonies and assigned them to stages
according to Bassindale’s (1955) scheme.

At three colonies with branched entrance tubes we recorded departures and arriv-
als at each branch. At each each nest we first counted 25 events (departures or arriv-
als) at one branch, then 25 at the other branch, for seven replicates (175 events at each
branch).

A sample of adult females from this study is deposited in the National Museum of
Natural History in Washington, DC, catalogued as USNM no. 1640099, accession no.
2087443.
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Figure 1. Numbers of bees departing from the nest (black) and returning throughout daylight
hours. Returning bees are separated into those without (white) and with (gray) loaded pollen
baskets

RESULTS

Flight activity commenced very soon after dawn and ended around dusk, with a
peak in the 07:30-08:00 period (Fig. 1). However, the peak of bees returning with pol-
len extended for about an hour after this period.

The opened tubing was shown to enclose 19 nests with a mean+SD length of
71.3+40.6 cm (range 26.0-185.1 cm), hence a mean volume of 466.5 ml (range 170.2-
1211.5 ml) (Table 1). Nest length was set by the bees at each end by a hard barrier
containing sand. Of these, 18 harboured live colonies with a mean of 850.9 (range
243-1856) adults (Table 1). Colony size, expressed as number of adults, was positively
correlated with nest volume (Spearman’s rho 2-tailed test, p=0.032). In a sample of
adult bees from 15 colonies, 44% were at Bassindale’s stage 5, fully mature (Table 2).
The fraction of stage-5 bees was positively correlated with colony size (Spearman’s rho
2-tailed test, p=0.016).

Based on some hundreds of each cell type, brood cells and the slightly larger food-
storage cells were each in clusters. Among the latter, pollen cells were usually located
close to the entrance, while honey cells were further away. We noted a very few in-
stances of honey cells within clusters of pollen cells.

Entrance tubes were round with a diameter close to 8-9 mm throughout. They
varied in length from 8 to 23 cm. Of a total of 38 active nets in and near our study site,
six had branched entrance tubes. In each of these, the division was some centimeters
from the base of the tube, with each branch extending for several centimeters. We
were able to observe the origin of the fork in one nest. Over several days the bees
opened a new hole near the end of the entrance tube and then extended it to form a
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Table 1. Nest volume and adult composition of 18 colonies of Hypotrigona gribodoi (Magretti).
Further explanation in text.

Nest Volume (ml) Total adults % adult females
at stage 5
B 734.3 841 42
C 183.3 243 50
E 646.0 962 47
F 307.6 531 36
G 261.8 383 30
I 170.2
L 750.1 1312 46
M 397.3 1003 55
N 468.6 481 40
(@) 747 .4 1154 54
P 506.6 356 30
Q 291.9 779
R 416.3 833
S 1211.5 1856 58
T 346.9 879 42
U 328.6 734 36
A% 433.3 812 49
% 196.4 1306 43
mean 466.5 850.9 43.9

new branch at an angle of roughly 30° from the original tube.

In our observations of activity at branched entrance tubes, the total number of
bees departing was modestly greater than the number returning and entering each
nest (Table 3). This is presumably due to inhibition of returning bees by the observer
or disorientation due to a large unfamiliar object near the nest. Much more striking is
the very strong bias in the use of the two branches, such that one is treated mainly as
an entrance, the other as an exit. The differences are highly significant at each nest (x*
=71.5,50.5, and 40.7, respectively; p <0.001).

DISCUSSION

The pattern of foraging activity throughout the day with a peak early in the morn-
ing is typical of non-parasitic diurnal bees in the lowland tropics (Roubik 1989).
The positive correlation of nest volume with colony size shows that the bees de-

Table 2. Numbers of adult females of Hypotrigona gribodoi (Magretti) in each of five age stages
determined according to Bassindale (1955). Figures are means with ranges in brackets from
samples of 100 bees from each of 15 colonies.

Stage 1 Stage2 Stage 3 Stage 4 Stage 5 Total
1.9 (0-10) 26.0 (10-51) 11.9 (6-21) 16.2 (5-27) 43.9 (30-58) 100
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Table 3. Differential use of branches in forked nest entrances in three Hypotrigona gribodoi (Ma-
gretti) colonies. Branches are numbered arbitrarily. Further explanation in text.

Branch 1 Branch 2 Total

Colony J

Arrivals 43 122 165
Departures 132 53 185
Colony K

Arrivals 41 113 154
Departures 134 62 196
Colony P

Arrivals 45 104 149
Departures 130 71 201

molish and reconstruct the end barriers as the colony grows. It bears mention that the
end plates were not made of very hard batumen, which the bees probably could not
dismantle.

Our results on relative numbers of females at Bassindale’s (1955) five maturation
stages are consistent with his suggestion that stage 1 is exceptionally short and stage
5 probably of long duration (Table 2). However, in the absence of comparable results
from other seasons the possibility remains that the fraction of stage-5 females was in-
flated by lower brood production during the dry season.

Pooley & Michener (1969) recorded a single branched entrance tube in an H. gribo-
doi nest in South Africa. No comparable observation is found in the several other pa-
pers on nest structure in this genus. However, this may simply mean that occasional
forked tubes were treated as irrelevant anomalies. The significant minority of nests
with nests with forked tubes in our population suggests that this is fairly common and
may have an effect on ventilation (Moritz & Crewe, 1988) and/or facilitating movement
at the nest entrance.
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