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Abstract

Stingless bees play a key role in natural environments and human economy because of their pollination services and high-
value products. However, information on their nesting habitats and nest characteristics is scarce for almost all Ethiopian
stingless bee species. To gain insights into the nest ecology and biology of stingless bees in the country, different habitats
from 11 districts were assessed and general nest properties, such as entrance dimension, shape, entrance tunnel length, nest
size, nesting substrate and internal nest architecture, were characterized. A total of 49 natural nests of two stingless bee spe-
cies belonging to two genera: Meliponula and Liotrigona were found. The 47 nests of Meliponula baccarii (M. baccarii)
(Gribodo) were found under the ground at an average depth of 50.50+9.32 cm in three different soil types, while the two
nests of Liotrigona bottegoi (L. bottegoi) were found in the cavities of Albizia shimperiana trunks at the heights of 2.8 and
3.0 m above the ground. Nest architecture and biology differed greatly between species but similar within each. Though the
basic nest architecture and biology were similar within the species, they varied in size from nest to nest. The above charac-
teristics therefore can be used for the management and conservation of the species. Finally, the data on nesting substrates,
nest architecture and nest biology are of outmost importance for future designing suitable bee hives for keeping both species

and also to conserve the natural nesting sites for their future utilization in pollination.
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Introduction

Stingless bees, belonging to the family Apidae and subfamily
Meliponinae, are a group of eusocial, small to average sized
honey producing bees, with vestigial stings. About 56 gen-
era of stingless bees containing over 600 species are found
throughout most of the tropical and subtropical regions of
the globe (Roubik 1979; Eardley 2004; Cortopassi-Laurinoa
et al. 2006). In Africa, only about 20 stingless bee species
have been described (Eardley 2004). In Ethiopia, sting-
less bees are represented by about six species (Pauly and
Hora 2013), and some of them have a high demand for their
honey in traditional medicine; and all of them play a major
role in pollinating native natural and cultivated crop plants,
although their contribution has not been evaluated yet.
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The richness and abundance of stingless bees vary among
habitat types. Their most diverse habitat is natural forests,
followed by secondary and utilized forests, and farm lands
(Suriawanto et al. 2017; Njoya et al. 2018). In general, lower
altitude environments have more diverse stingless bee spe-
cies than higher altitudes (Salim et al. 2012). Although
stingless bees are considered generalists in nesting site selec-
tion, they still exhibit a degree of plasticity in their nest-
ing habitats and nesting substrates (Njoya et al. 2019). The
majority of the species construct their nests in abandoned
nests of other social insects, such as ants and termite nests,
which are either above the ground or below ground environ-
ments (Roubik 1980). For instance, stingless bee species,
such as M. baccarii, are known as forest species nesting in
underground cavities, while M. bocandei (Spinola) is known
as a forest species nesting either in underground cavities or
in tree trunk cavities (Njoya et al. 2018). Many other species
solely nest in the cavities of tree trunks or in underground
cavities (Chemurot et al. 2021).

Stingless bee species inhabiting tropical and subtropical
regions of the world considerably differ in colony size, body
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size and colour (Michener 2007). Typically, perennial colonies
of stingless bees consist of a few dozens to more than 20,000
workers, single fertile queen and drones (Danaraddi et al. 1996;
Viana et al. 2015; Njoya et al. 2018; Alves et al. 2019). Sting-
less bees also vary significantly in their nest architecture, with
different characteristics of nest entrances and diverse designs
in brood cells arrangements (Njoya et al. 2019). Brood cells are
arranged either in horizontal or vertical cells with full combs
or semi-combs, or in clustered cells (Kajobe 2007). The nest
entrance of stingless bees also varies in shape, length and
colour, which can be used for taxonomic studies (Suriawanto
et al. 2017; Njoya et al. 2019). It has, indeed, been confirmed
that stingless bees nest characteristics are useful in taxonomic
studies, particularly in tropical African countries (Kajobe and
Roubik 2006) like in Ethiopia, where a few have been studied.
In Ethiopia, some studies like indigenous knowledge of sting-
less bee keeping (Jemberie et al. 2020; Kidane et al. 2021),
stingless bee domestication (Bayeta and Hora 2021), stingless
bee honey physicochemical characterization (Gela et al. 2021)
and antibacterial activity (Ashenafi 1994) have been carried
out. However, nesting habitats, nest biology and nest architec-
ture of many stingless bee species have not been well described
in Ethiopia in general and in Oromia in particular. Neverthe-
less, knowledge about the ecology and nest biology of stingless
bees is vital for underpinning their adaptation to habitats and
helps the development and implementation of proper conser-
vation strategies for the species (Siqueira et al. 2012; Viana
et al. 2015). Information on the ecology and nest biology of
stingless bees is also important for developing and improving
management practices in order to exploit the stingless bees
both for pollination and acquisition of stingless bee products
(Danaraddi et al. 1996). Hence, investigating the nesting habi-
tats and nest biology of native stingless bee species in Ethiopia,
where few studies have been conducted, is highly vital for the
development of proper stingless bee management practices
and conservation. Therefore, the aim of this work was to pro-
vide information on nesting ecology, nest architecture and nest
biology of the stingless bees in the Oromia Regional State of
Ethiopia through systematic investigation of wild stingless bee
colonies. The habitats and natural nests made by these colonies
are characterized, which may provide important information
for sustainable colony management and species conservation.

Materials and methods

Stingless bees’ nests were sampled in 11 districts of six dif-
ferent zones of Oromia Regional State, Ethiopia. The six
zones were Oromia Special Zone Around Finfine (OSZAF),
West Shewa, Buno Bedele, [lubabor, Jimma and East Guji
(Fig. 1). The zones, districts and peasant associations were
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purposefully selected as sampling areas based on the pres-
ence of local stingless bees” honey markets and potentials for
diverse wild stingless bee nesting. After the purposive selec-
tion of sampling areas, different kinds of vegetation and crop
fields within one kilometer of the vegetation in the sampling
areas were assessed for the presence of stingless bee nests.
The sampling sites included different nesting habitats, such
as natural vegetation, plantations, protected forests, woody
shrubs along crop fields, grass lands and even crop fields,
because stingless bees can use those different habitats for their
nesting. Nesting sites and natural stingless bee nests were
found mainly based on information provided by local stingless
bee hunters, farmers and beekeepers of the respective peasant
associations. Once the nests were located, the coordinates for
the locations were obtained using GPS (Global Positioning
System). Then, nesting habitat type, soil type (for subterra-
nean nesting stingless bees), tree species, position on the tree
and height of the entrance above the ground (for tree trunk
cavity nesting bees), and detailed external entrance character-
istics were carefully recorded. The surroundings of each nest
were cleaned and their entrance height above the ground and
entrance tube diameter were measured using a digital caliper
with a precision of 0.01 mm. For the subterranean nests, nest
excavation was done following our previous method (Bayeta
and Hora 2021). The lateral part of each nest was excavated
to expose the nest. The dimensions (width and height) and
length of the entrance tunnel above the nest to the ground level
were measured using a measuring tape. The external entrance
height above the ground, the diameter of the entrance and
thickness of the tube were measured using the digital caliper.

After opening the layers of a nest involucrum, the number
of brood combs per nest, the number of queen cells per nest,
and the number of cells per 4 cm? (an area of 20 mm x 20 mm)
were counted. The presence or absence of a queen bee was
visually checked by separating brood combs/clusters of
brood cells. The shape of brood combs and storage pots, their
arrangements and colours, as well as their placements in the
nest, were carefully examined and recorded, particularly for
the ground nesting one. The diameter of brood combs, comb
thickness, pillar height, pillar thickness, worker cell depth and
width were measured. To get the average width of a single
cell, the widths of 10 cells were measured and the result was
divided by 10. This close examination was conducted only
for 14 colonies, as the method is destructive. Finally, sting-
less bees were taken from the nests and killed by drowning in
soapy water in plastic bottles. Dead bee specimens were placed
in labeled plastic sampling bottles containing 70% ethanol.
Samples were identified by comparing morphological features
such as colour, body size, scutum surface and head setae to
reference specimens at Holeta Bee Research Center and using
a key published in Pauly and Hora (2013).



International Journal of Tropical Insect Science (2023) 43:409-417

411

o

000 3°0.000" 6°0.000" 9°0.000" 12°0.000"
T T T

15°0.000 18°0.000’ 21°0.000" 24°0.000" 27°0.0Q0
T

T

18°0.0008

Oromia Regional State

6°0.000" 9°0.000" 12°0.000" 15°0.000"
T T

3°0.000"
T

0 100 200 km
| .

T T T

18°0.000

A

12°0.000" 15°0.000"

1
9°0.000"

@ sampling sites

|
6°0.000"

Sampling Zones

I Buno Bedele

I Finfine Special Zone
[ Guii

[ Ilubabor

[ Jimma

[ West Shewa

3°0.000"

1 1 1 1

000

1 1 1
3°0.000" 6°0.000 9°0.000" 12°0.000"

o
0%8.000'
5
g
o

Fig. 1 Map of Oromia showing the 11 sampling districts in the six zones

Data analysis

All data on altitude, latitude, longitude, nesting habitat type,
nesting substrate, nest architecture, and internal parameters
measured, were entered into Microsoft Excel. Frequency anal-
ysis was used to obtain the proportion of nests across habitat
types. A descriptive analysis was run to characterize internal
and external nest sizes. Furthermore, Spearman’s rank cor-
relation analyses were performed using IBM SPSS Statistics
version 20 to see if there is a significant correlation between
the number of brood combs and the number of queen cells
counted per nest, at a=0.05 level of significance.

Results
Nesting habitats

The altitudes at which the nests were sampled ranged from
1758 to 2543 m above sea level (m.a.s.l) with an average of

1
15°0.000" 18°0.000" 21°0.000" 24°0.000" 27°0.OQC72;)’

2256.56+218.73 m.a.s.l (N=49). During the survey, 49 nests
of Meliponini bees were found in all the study areas, belong-
ing to two genera (Meliponula and Liotrigona). The genera
Meliponula and Liotrigona were each represented by one spe-
cies. Meliponula baccarii represented the Meliponula and L.
bottegoi represented the later genus. The bee species occupied
two distinct nesting substrate types in which all 47 nests of M.
baccarii were found in the ground in three different soil types,
while the two nests of L. bottegoi were found in the cavity of an
Albizia shimperiana trunk at the heights of 2.8 and 3.0 m above
the ground (Table 1, Fig. S1a). Meliponula baccarii was the
species most commonly found in all sampled sites and nesting
habitat types, while the two nests of L. bottegoi were found in
the cavities of the tree trunks only in the natural coffee forest.
In contrast, the nesting habitat of M. baccarii greatly varied
among the six nesting habitats recorded during sample collec-
tion. The highest number of M. baccarii nests was obtained
from cultivated lands adjoining forest areas (17 nests), followed
by protected forests (13 nests), and grass lands (5 nests) and
woody shrubs along field edges (5 nests) (Fig. 2).
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Table 1 Proportion of nest distribution across zones and nesting sub-
strates (soil type/tree spp.) of M. baccarii and L. bottegoi

Zone Proportion (%) of nests detected in each nesting

substrate

Red soil Loamy soil Sandy soil Tree trunk Total
OSZAF 10.2 0.0 0.0 0.0 10.2
West Shewa 30.6 6.1 0.0 0.0 36.7
I/A/Bora 14.3 2.0 0.0 4.1 20.4
Jimma 0.0 6.1 0.0 0.0 6.1
East Guji 18.4 6.1 2.0 0.0 26.5
Column 73.5 20.4 2.0 4.1 100

Total

External characteristics of the nests

The entrance tube of L. bottegoi was horizontally arranged
and faced eastwards. It was also surrounded by a dot-like rim
of sticky material (Fig. S1b). In contrast, the nest entrance of
M. baccarii was oriented upward, and the area closer to the
tube was kept clean (Fig. S1c). Meliponula baccarii nests
were hardly visible, with rounded shapes. The entrances and
the openings of the nests did not differ in shape. The external
entrance tubes were short and soft, built from dark ceru-
men, opening into a long and hard brittle internal tunnel. The
external entrances of colonies were raised at 0.85 cm above
the ground on average. The diameter of the entrance orifice,
nest entrance tunnel thickness and number of guard bees on
the internal part of the entrances are presented in Table 2.
Unfortunately, it was difficult to measure the diameter and
length of nest entrances and the number of guard bees at the
entrance of L. bottegoi as the entrances were destroyed while
cutting the tree trunks.

Fig.2 Percentage of stingless
bee nests found across nesting
habitats in the study areas

Natural coffee forest

S Eucalyptus plantation

z

-
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o

2
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B
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Internal characteristics of the nests

The nest depth below the ground to the bottom of the nest
(Fig. S1d), the internal tunnel length above the nest to the
ground level (Fig. 3a), and the width and height of the nest
of M. baccarii are depicted in Table 2. The nests of the
colonies were situated at different depths. The inner surface
of the entrance tube was decorated with a black cerumen.
All the nests were surrounded by dark brown to black brittle
batumen layer, connected through short pillars protruding
from the wall of the nests to the soil (Fig. 3b).

The nests contained food storage (honey and pollen
pots) (Fig. 3c) and brood zones inside their batumen layers
(Fig. 3d). The food pots were frequently located lateral to
the brood nest, with honey pots at the periphery of a nest
and pollen pots closer to the boundaries of brood nests. Next
to the food pots, several brown layers of involucrum were
arranged, separating the storage zone from the brood zone.
Honey pots were oval in shape and built with thick dark
to brown cerumen connected to the batumen layer through
pillars. The honey pots were slightly darker than the pol-
len pots. The diameter and height of the honey pots ranged
from 8—20 mm and 5.00-9.00 mm, with mean values of
13.79+3.70 mm and 7.57 + 1.22 mm, respectively. The
volume of the honey pot varied from 12.00 to 30.00 ml with
a mean value of 23.00 +6.12 ml.

Unlike that of M. baccarii, the internal entrance tube of
L. bottegoi was inconspicuous. Like in M. baccarii, food
pots were larger than brood cells; however, both food pots
and brood cells were smaller than those of M. baccarii.
The food pots of L. bottegoi were oval in shape, yellow-
ish in colour and arranged in clusters. Honey pots were
located at the periphery of a nest and some of them were
intermixed with pollen pots.

M L. bottegoi M M. baccarii

0.0 10.0 20.0 30.0 40.0

Percentage of nest occurence
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Table 2 Averages and ranges

_ X Parameters N Minimum Maximum Mean Std. Deviation

of nest site altitude, number

of guard bees posted at the . Altitude (m) 48  1758.00  2543.00 225656 218.73

entrances, and measurements o Entrance tunnel length above the nest (cm) 47 14.00 43.00 28.64 5.92

nest components for M. baccarii

from six sites in Oromia Number of bees guarding the entrance 35 0.00 13.00 497 2.93

Regional State Nest entrance height above the ground (cm) 33 0.00 1.67 0.85 0.40
Nest entrance tunnel diameter (cm) 47 0.70 1.30 0.99 0.20
Nest entrance tunnel thickness (cm) 7 0.12 0.20 0.16 0.03
Nest width (cm) 47 11.00 35.00 23.59 5.04
Nest height (cm) 47 10.00 37.00 20.09 6.80
Nest depth below ground (cm) 47 34.00 74.00 50.50 9.32

Brood nest

The brood nest of M. baccarii was situated at the center of the
nest and surrounded by several sheaths of involucrum. The
brood nest contained horizontally arranged brood combs that
were generally round in shape. The size and number of brood
combs varied among nests from 38.36-90.40 mm in diameter
and 5-12 in number, with mean values of 65.93 + 13.38 and

x |
2

- =l A
L

i ¥

By X3
( .

8.91+1.95, respectively. The average thickness of the brood
comb was 4.52+1.01 mm, with a range of 2.82—7.00 mm.
Brood combs were arranged one over the other in all the
nests assessed except in one colony, which was observed
constructing combs united in a spiral shape. The average
distance (pillar height) between two successive combs was
4.28 +0.77 mm. Combs were supported by many pillars,
with thicknesses varying from 1-3 mm and an average of

Fig.3 Nest architecture of M. baccarii: nest entrance tunnel above the nest (a), a general view of the nest in the ground cavity with short pillars
protruding from a wall of the nest (b), storage zone (c), and brood combs enclosed in layers of involucrum (d)
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Fig.4 Brood nests of M. baccarii and L. bottegoi: young brood comb
cells with stored larval food and eggs (a), old brood comb from which
new worker bees started emerging at its center (upper left) (b), young

1.59+0.43 mm. Brood combs containing eggs and larvae
were dark brown in colour (Fig. 4a), while combs with old
pupae cells emerging into new adult bees were yellowish
and creamy white (Fig. 4b), respectively. Unlike honeybees,
M. baccarii cells were vertically constructed and the old
comb from which young bees emerged was observed to be
destructed by worker bees (Fig. 4b). Worker brood cells had
an average depth of 6.72+0.72 mm and an average width of
3.36+0.24 mm. The number of cells per cm? for M. baccarii
varied from 9-10 cells between colonies, with a mean value
of 9.60+0.34 cells.

Large cells (queen cells) were detected at the periphery
of brood combs in all the colonies of M. baccarii except in
two colonies (Fig. 4¢c), and none in L. bottegoi. However, only
a single queen per colony was found in all the assessed two
L. bottegoi (Fig. 4d) and 14 M. baccarii (Fig. 4e) nests. The
number of queen cells per colony ranged from 0-12 with an
average of 7.92 +3.84. The queen cells were pale in colour and
connected to brood combs with short pillars (Fig. 4d). The cor-
relation between the number of queen cells and the number of
brood combs was found to be significant (r=0.51, p=0.008).

Unlike in M. baccarii, the layer of involucrum around the
brood was absent in L. bottegoi. Brood cells were oval in
shape and creamy white in colour. The amorphously clus-
tered brood cells were located at the center of the nest with
some spaces, which enabled easy movement of the bees
within the cluster of brood cells. The clustered brood cells
were surrounded by pollen and honey pots (Fig. 4f).
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and old brood combs with queen cells at the edge (c), amorphously clus-
tered brood cells with queen and worker bees of L. bottegoi (d), queen
bee of M. baccarii (e) and a nest of L. bottegoi in a trunk (f)

Discussion

The diversity of stingless bees varies among different habi-
tats and, usually, species diversity is the highest in natu-
ral forests (Nkoba et al. 2012; Suriawanto et al. 2017). In
the present study, only two species of stingless bees were
found in diverse habitats, but occupying two distinct nesting
substrate types. The two stingless bee species (L. bottegoi
and M. baccarii), were found in overlapping areas in the
midland, whereas only M. baccarii occurred in the high-
land areas of Oromia. In general, highland ecosystems have
fewer stingless bee species (Salim et al. 2012; Suriawanto
et al. 2017). It should be noted that there are six stingless
bee species existing in the county (Pauly and Hora 2013),
however, the nests of only two species are found in the cur-
rent study areas. Meliponula baccarii nest is the most widely
distributed, occurring in all sampled districts, covering all
habitat types, with three different soil types. The two nests
of L. bottegoi were found in natural coffee forest, nesting in
the cavities of Albizia shimperiana trunks, while previously
reported nests were in hollow acacia trunks (Pauly and Hora
2013). The occurrence of two distinct stingless bee species
in natural forests suggests that they provide different nest-
ing substrates that serve as shelters for the bees (Siqueira
et al. 2012). Natural forests, indeed, present various physi-
ognomies that account for the stingless bee species diversity
through providing suitable nesting sites, which are consid-
ered limiting factors for the diversity of stingless bees (Starr
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and Sakagami 1987). The occurrence of M. baccarii nests in
soils with different physical properties suggests that selec-
tion of nesting cavity is not affected by soil type like in other
subterranean stingless bee species, such as Geotrigona sub-
terranean and Geotrigona nombuca (Barbosa et al. 2013).
Stingless bees have evolved a wide range of nesting and
feeding behaviours, that allows them to adapt to various types
of habitats for nesting (Roubik 2006). Stingless bees, like
other animals, heavily rely on the quality of their environ-
ment to regulate nest population and nesting pattern (Nkoba
et al. 2012). To this end, the variation in the number of nests
among the six habitats explains why the highest number of
M. baccarii nests were found in cultivated lands within one
kilometer of forest areas. The abundance of stingless bee
nests near forests and cropland edges is explained by habitat
heterogeneity adjoining forests and croplands (Siqueira et al.
2012; Jemberie et al. 2020). Furthermore, stingless bees pre-
fer to nest in open areas rather than dense vegetation. Open
areas allow high light incidence, which directly affects the
external activities of bees through initiating early morning
foraging flights (Barbosa et al. 2013). These characteristics
could explain the abundance of nests in croplands near for-
ests, which provide both nesting sites and food resources.
The nest entrances of stingless bees have distinct properties
depending on the genus/species (Kajobe 2007; Kelly et al.
2014). Some species like M. ferruginea, M. lendliana and
M .nebulata, construct circular entrances, while M. bocan-
dei of the same genus known to construct V-shaped/funnel
shaped entrances. Other species, such as H. gribodoi build the
longest (1-5 cm) and most tubular and tapered nest entrances
(Kajobe 2007), whereas the species Trigona thoracica (T.
thoracica) construsts mount-shape entrances (Kelly et al.
2014). Nest entrance properties of stingless bees are affected
by a variety of factors, including nest age, microclimate, for-
aging activities and defense (Roubik 2006). For instance,
the eastward orientation of L. bottegoi’s nest entrance likely
exposed the nest to the early morning sun light, resulting
in a warm temperature and the initiation of foraging flight
for this small bee species (Kajobe 2007). However, it is not
possible to deduce that all L. bottegoi colonies prefer the
eastward facing, since the information from only two colo-
nies is not enough. The deposition of sticky resin around
the entrance of this bee species may serve to guide foraging
bees to the nest and helps to protect the colony from natu-
ral enemies as for other stingless bee species (Barbosa et al.
2013). The entrance to an insect nest is a critical location
where the nest, with its resources, and the outside world,
with its threats, communicate. Thus, the characteristics of
the external nest entrance and its size play a fundamental
role in the survival of the colony in the nest (Couvillon et al.
2008). Larger external nest entrance of M. baccarii aid high
forager trafficking; small entrances facilitate colony defense;
and the raised structure of the entrance provides a guiding

and landing platform for the foragers (Biesmeijer et al. 2005;
Viana et al. 2015). The current finding supports the previ-
ous report that nest entrance diameter is related to foraging
activities and nest defense in M. baccarii (Viana et al. 2015).

The nests of eusocial insects are protected by guard bees.
This behaviour helps to defend colony resources inside the
nest (Griiter et al. 2011). In this context, several guard bees
(0-13 bees) positioned at the inner part of the external entrance
suggest the significance of guard bees in defending their wild
colonies. The range of the number of guard bees keeping the
entrance is almost similar to the previous reports for M. bac-
carii (Jemberie et al. 2020; Bayeta and Hora 2021). The varia-
tion in the number of guard bees may be related to several fac-
tors, including the time of the day, size of the colony, weather
condition, size of the entrance, level of forager trafficking and
presence or absence of natural enemies (Couvillon et al. 2008;
Griiter et al. 2011; Jemberie et al. 2020; Bayeta and Hora 2021).

Meliponula baccarii constructed its nests at a great depth
under the ground (34.00-74.00 cm) and connected them with
a long entrance tunnel above the nest cavity to the ground
level (14.00—43.00 cm). Such a long entrance tunnel was
not observed in L. bottegoi, thereby indicating that different
stingless bee species construct internal tunnels of different
lengths. However, it is within the range of the entrance tunnel
length of M. baccarii reported from Northern Ethiopia (23.4
to 35.4 cm) and Cameroon (27.5 to 34.5 cm) (Jemberie et al.
2020). The ground nesting bees appear to nest at a sufficient
depth to maintain a stable nest environment even when outside
temperatures are high; whereas stingless bees nesting in tree
trunks maintained a stable microclimate due to the shade and
insulation provided by the tree (Moritz and Crewe 1988). The
current nest chamber width and length of M. baccarii are rela-
tively smaller than those in the previous report from Northern
Ethiopia (Jemberie et al. 2020), whereas it is larger than the
nest size reported in Cameroon (Njoya et al. 2017). This is
likely the result of restrictions imposed by the nesting cavity
limitations and is often geographically and phylogenetically
related (Roubik 2006; Gonzalez et al. 2018), which suggests
further work on factors affecting the nest cavity of M. baccarii.

The brood chamber of M. baccarii is covered by layers of
involucrum because the soil temperature at the average depth
where subterranean bees like M. baccarii build their nests is
lower than the brood nest (Barbosa et al. 2013). Hence, the
layers of involucrum play a key role in the thermoregulation
of the brood chamber, as stingless bees do not thermoregu-
late their nests as precisely as honeybees do (Alves et al.
2019). In this stingless bee, the involucrum retains thermal
energy generated by adult bees and partly by the mass of
brood in the brood area (Sung et al. 2008). Unlike in M. bac-
carii, involucrum was absent in the L. bottegoi colony that
built its brood cells in a cluster. This result is in agreement
with the finding that some species of stingless bees like T.
fulviventris build no involucrum around their brood (Barbosa
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et al. 2013); thereby indicating that the involucrum may be
an optional structure in stingless bee nests, and its construc-
tion is related to external temperature conditions.

In general, most stingless bees are cavity nesters and some
of them arrange their brood cells in combs, others build
brood cells in clusters (Michener 2007). In our results, the
former type of cell arrangement was present in M. baccarii
and the latter type of cell arrangement was found in L. bot-
tegoi, suggesting that the two species adapted to different
types of brood cell arrangement. Cluster cell arrangement
is found in several groups of small to minute stingless bees
(Michener 2007; Melo and Costa 2009), and it seems to be an
adaptive feature of small bees nesting in small and irregular
cavities (Gonzalez et al. 2018). In contrast, M. baccarii was
observed to build vertical brood cells arranged in horizontal
brood combs. The number of brood combs per colony of M.
baccarii varies from 5-12, which is similar to what has been
previously reported for nests of the same species from North-
ern Ethiopia (Jemberie et al. 2020). However, the diameter of
the comb is slightly shorter than the range reported from the
north, which may be influenced by geographical factors that
can limit the size of nest cavities (Alves et al. 2019).

In the present study, a varying number of queen cells (0—12
cells/colony) were detected at the periphery of horizontal
brood combs connected to the combs through short pillars in
all colonies except in two colonies, suggesting that most M.
baccarii colonies construct queen cells in wild colonies as
reported in other stingless bee species (Alves et al. 2019). The
significant positive correlation (p <0.05) between the num-
ber of queen cells and brood combs indicates that a higher
number of brood layers represents an increase in the number
of queen cells, showing a high tendency for reproduction.
This evidence suggests the existence of a high probability of
swarming in wild colonies of M. baccarii, which could create
a good opportunity for colony multiplication.

Conclusion

This study underlined that stingless bee nest population var-
ies among different habitats and that usually, nest detection
is highest in cultivated lands adjoining forest areas, indicat-
ing habitat type and its characteristics are important factors
regulating nest population. Moreover, this study success-
fully described the external and internal nest characteristics
and their nest biology. The results of nesting substrates and
architecture for the studied species show a lot of similarities
with the previous studies for the same stingless bee species.
However, the variations in nest size within the species could
be related to many factors, such as microclimate, predators
and the foraging activities of the species. Thus, understand-
ing the nesting habitat and substrate preferences, as well as
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nest architecture and nest biology of each species, might
not only help to characterize the species but also helps the
development and implementation of proper conservation
strategies, thereby providing important information for sus-
tainable colony management. Therefore, the information
generated on nesting substrates, nest architectures and nest
biology is an important starting point for designing suitable
bee hives for keeping both species and also for conserving
the natural nesting sites for their future utilization in pol-
lination services. However, further research will be needed
to generate sufficient data for unaddressed stingless bee spe-
cies found at lower altitudes in the regional.
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