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Abstract. In Colombia, few studies have focused on nest architecture, behavior or sociality of wild bees. This study provides ba-
sic information on the nests of Caenohalictus alexandrei and presents behavioral observations outside the nests, derived from 
direct field observation of 40 nests and 39 male sleeping cavities in two localities of the Savanna of Bogota, Colombia. We rec-
ognized four different behavioral activities carried out by adult females: foraging, guarding, opening and closing of the en-
trance of the nest, with foraging being the most frequent of them. The observed activities were carried out more frequently 
from 9:00 h to 13:00 h. Males were observed performing two behavioral activities in the sleeping cavities: staying at the cavity 
entrance and cavity departure. A third male activity, corporal grooming, was carried out outside the sleeping cavity. Our field 
observations indicate that more than one adult female was active simultaneously performing the different tasks within a sin-
gle nest. The nests presented different levels of complexity in their architecture, depending on the age of the nest and num-
ber of adult females in them. Descriptions of the nesting sites and behavioral activities as well as illustrations of the nest ar-
chitecture are provided.
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INTRODUCTION

Caenohalictus Cameron is a genus that com-
prises slender, bright green bees, rarely brassy, 
red, or nonmetallic black (in the latter case, the 
metasoma is usually blackish or partly amber), 
with long hairs on the eyes and minutely and 
closely granular punctation on the head and me-
sosoma (Michener, 2007; Dalmazzo et  al., 2014). 
The genus is widely distributed in the Neotropical 
region, being especially diverse in the Andes 
of South America, with a few species inhabiting 
Central America though it is absent in the Amazon 
biome (González et al., 2005; Michener, 2007). In 
high-montane areas, Caenohalictus species are 
very common, diverse and frequently collected. 
The genus belongs to the Halictinae sweat bees, 
a subfamily that includes from solitary to euso-
cial species, and, within it, to the tribe Halictini, 
a monophyletic group with four subtribes: 
Thrinchostomina, Caenohalictina, Sphecodina 
and Halictina (Pesenko, 1999, 2004; Danforth et al., 
2004, 2008; Gonçalves & Melo, 2010; Michener, 
2007; Moure et  al., 2007). Caenohalictina is the 

only subtribe represented exclusively in the 
New World especially in the Neotropical region. 
Phylogenetic analyses, either molecular (Danforth 
et al., 2004) or morphological (Gonçalves & Melo, 
2010), support the monophyly of this subtribe. 
Caenohalictus is, among the Caenohalictina, the 
genus with the largest number of known spe-
cies (56  spp.), more than Agapostemon (36  spp.) 
and Pseudagapostemon (26  spp.) (Roberts, 1972; 
Moure & Hurd, 1987; Cure, 1989; Moure, 2012). 
The remaining genera of the subtribe each have 
fewer species.

Many Halictinae species build their soli-
tary, communal or social nests in the ground, 
while others species nesting in decaying wood 
(Michener, 1974, 2007). Such social behavior can 
be influenced by several variables (e.g., parasitism, 
age, size) and environmental conditions, such as 
season of the year, food availability or even alti-
tude and latitude (Field et al., 2010; Purcell, 2011).

Plasticity in the social behavior and the diversi-
ty of nesting habitats in Halictinae are interesting 
biological characteristics that have made this sub-
family an important model for the development 
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and evaluation of theories about the origin and evolu-
tion of social behavior in bees (Eickwort, 1969; Eickwort 
et  al., 1996; Michener, 1974, 2007; Silveira et  al., 2002; 
Danforth et al., 2008; Gonçalves, 2019).

Caenohalictus species generally construct their nests 
in vertical earth banks in solid and firm soil, with sever-
al individuals per nest, sometimes in dense aggregations 
(Roberts & Brooks, 1987; González et al., 2005; Nates-Parra 
et  al., 2006). Some species build their nests with lateral 
burrows each leading to a single horizontal cell, while 
other species organize the nests into a cluster of more 
or less horizontal cells in a cavity, similar to the nests of 
some Augochlorini (Claude-Joseph, 1926; Michener, 
2007). Although we know some aspects of the natural 
history of Caenohalictus, few studies (Nates-Parra et  al., 
2006; Michener et  al., 1978) have focused on studying 
more details of the nesting behavior, social structure, and 
nest architecture of the Andean species belonging to this 
genus, as is the case of Caenohalictus alexandrei that was 
recently described by Celis et al. (2014) from the Savanna 
of Bogota Plateau in the Eastern Andes of Colombia.

Due to the lack of knowledge on the natural histo-
ry of Halictinae in Colombia, the aim of this study was 
to present some aspects about the basic biology of 
Caenohalictus alexandrei, to complement the previous-
ly taxonomic descriptions and to expand the knowledge 
about the behavioral traits of this species.

MATERIAL AND METHODS

Nesting site

The nests of Caenohalictus alexandrei were studied 
at two nesting sites in the Eastern Andes of Colombia in 
the Cundinamarca department: Zipaquirá (Z) (San Jorge, 
4.998722°N 74.021083°W, 2780  m.a.s.l.) and Cajicá (C) 
(Campus Universidad Militar Nueva Granada [UMNG], 
4.9450°N, ‑74.0119°W, 2580  m.a.s.l.) (Fig.  1). External 
characteristics, consistency of the soil and accompany-
ing vegetation and fauna were determined for both sites.

Field observations

The observations were made over four months (June-
September/2009) at nesting site  C and eight months 
(August/2011 to March/2012) at nesting site Z. At the end 
of each observation period, some of these nests were ex-
cavated. In each nesting site, the active nests were ob-
served every two days, from 8:00  h to 16:00  h. During 
each observation session, each nest was observed by the 
same observer continuously for 30 min, for 8 h a day, to-
talizing 1,472  h of observation. The order in which the 
nests were observed was randomly assigned each day 
to avoid observation biases. We categorized weather 
as “rainy” or “sunny”, at each time observation intervals 
(half-hourly) in both sites. The activity of the bees was re-
corded following the methods described by Michener 
et al. (1955). Timing of the bee activities was in minutes 

with the mean and ± standard error, n refers to the total 
number of each activity carried out during the total time 
observations (1,472 h). Other data refer to the average of 
the total number of females in which an activity (for ex-
ample, foraging) was observed across the sampling peri-
od. Nests were numbered individually, and their entranc-
es were marked with colored flags (Figs. 2B and C) and 
with colored oil paint (Fig. 2D). The length of activity pe-
riods, weather, departures and arrivals of the adult fe-
males and the presence of pollen loads were recorded as 
described by Dalmazzo & Roig-Alsina (2012).

The same methodology was used for sleeping cavi-
ties (inhabited by males) which were observed just in 
site Z; two of them were excavated to describe the inter-
nal structure.

Excavation and description of nests

Eight nests (five in nesting site Z and three in nesting 
site  C) were chosen for excavation. They were selected 
based on their conspicuous activity (females constant-
ly leaving, entering, or guarding the nests entrance). The 
methodology described by Sakagami & Michener (1962) 
and Abrams & Eickwort (1980) was followed for nest ex-
cavation, i.e., a mixture of talcum powder and water was 
injected through the nest entrance to assist us in follow-
ing the nest structure as it was excavated. The nests were 
excavated using a field knife and a pointer. In order to 
capture all the adults from the nest, the excavation was 
carried out early in the morning (7:00 h), before the bees 
flew out of the nest to begin foraging.

Observations and measurements of the cells and their 
contents were conducted at the Entomology Laboratory 
in Campus Universidad Militar Nueva Granada (UMNG) 
by means of a stereomicroscope Stemi SV  11 (Zeiss). 
Measurements are given in millimeters. Adult speci-
mens (females and males) found in the excavated nests 
were collected, pinned, and identified. These specimens 
were subsequently deposited in the entomological col-
lection of the Universidad Militar Nueva Granada, Cajicá, 
Colombia (UMNG‑ins) and Instituto de Ciencias Naturales 
(ICN) of the Universidad Nacional de Colombia, Bogotá, 
Colombia. Eggs, larvae and pupae found in the excavat-
ed nests were described and preserved in 70% ethanol, 
and were deposited in the UMNG‑ins.

Pollen masses

Samples of pollen obtained from cells of four nests 
excavated from nesting site Z (Table 1, *) were processed 
following the acid acetolysis technique (Erdtman, 1960). 
We analyzed the pollen resource of only one cell from 
each one of the four nests. Thirty microscope slides were 
obtained from each pollen cell, totalizing 120 slides. For 
each nest, we randomly selected five slides; thus, 20 
slides were analyzed out of all the 120 slides. An aver-
age was estimated for the 20 slides, in which the pol-
len grains were counted and the percentage of different 
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morphotypes estimated. The samples were analyzed by 
optical microscopy using an Axio Lab.A1 (Zeiss) at 40X 
and 100X, and a photographic record of the pollen grains 
was made. Identifications of the pollen grains were made 
by comparing the morphotypes with the pollen samples 
deposited in the pollen library of the UMNG (Palinoteca 
Grupo Biodiversidad y Ecología de Abejas Silvestres 
[PBEAS]), as well as by comparisons with the pollen ob-
tained directly from the plants located near the nesting 
sites, which also were deposited at the PBEAS. In addi-
tion, we also used palynological atlases and descriptions 
by Jiménez & Rangel (1997), Sánchez & Lupo (2009), Silva 
et  al. (2010), Giraldo et  al. (2011) and Mercado-Gómez 
et al. (2011). Exsiccatae with the plants visited by C. alex-
andrei were made for the most precise identification tax-
onomic category as possible using taxonomic keys, con-
sulting specialists and through comparison with exsic-
catae previously housed in the UMNG herbarium, where 
the material of this study was deposited.

RESULTS AND DISCUSSION

Nesting site

Caenohalictus alexandrei is a soil nesting species 
whose females build their nests on vertical earth banks. 
This species can use banks along roads and streets with 
anthropogenic influence. Nesting site  Z was an earth 
bank elevated 80  cm from the ground floor (Fig.  2A) 
and was very close to a restaurant parking lot. Nesting 

site C, in turn, was located in a canal 90 cm deep into the 
ground (Fig. 2B) and was near greenhouses at the univer-
sity campus.

The vertical earth banks in the nesting sites Z and C 
were exposed with uncovered surfaces or sparse associat-
ed vegetation (herbs and grasses) (Figs. 2A and B); there, 
the substrate was well-drained, arid and moderately loose 
soil with some compact regions, silty with some roots 
and considerable solar exposure (Fig.  2A). These char-
acteristics also are present in nest of Habralictus bimac-
ulatus Michener, 1979 and Caenohalictus eberhardorum 
Michener, 1979, both species nesting in a vertical, road-
side bank of soft but firm, decomposed rock (Michener 
et  al., 1978). Agapostemon splendens (Lepeletier, 1841), 
conversely, nests in sandy vertical bank fairly stable and 
sparsely covered with grass (LaBerge & Ribble, 1966). A 
moderate to compact soil makes nesting construction 
easier and provides a sufficiently stable substrate to pre-
vent loose soil from collapsing when the bees attempt to 
continue building and deepening their nests (Michener 
et  al., 1958; Sakagami & Michener, 1962; Michener & 
Kerfoot, 1967; Michener, 1977; Roubik, 1992). Soil com-
position, humidity, surface slope, degree of sun exposure 
and vegetation cover seem to be important factors not 
only for Caenohalictina, but at even broader taxonomic 
levels, since some Augochlorini – e.g., Neocorynura pubes-
cens (Friese, 1916) (Michener, 1977) and Pseudaugochlora 
Michener, 1954 (Michener et al., 1958) – also have prefer-
ence for vertical banks of bare, more or less compact soil.

Caenohalictus alexandrei formed aggregations at 
both nesting sites, which consisted of a cluster of nests 

Figure 1. Geographical location of the nesting sites. Green area represents the Cundinamarca department. Gray area corresponds to the municipality of Zipaquirá 
with the nesting site Z (red circle) and brown area corresponds to the municipality of Cajicá with the nesting site C (blue circle).
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Figure 2. Nesting sites of C. alexandrei on earth banks in Colombia. (A) nesting site Z (Zipaquirá – San Jorge); (B) nesting site C (Cajicá – UMNG); (C‑D) Red arrows 
indicate the entrance of the nest in the earth banks.
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separated from each other by a few centimeters (5 to 
7 cm) (Figs. 3A and B). A first aggregation of 13 nests was 
found occupying an area of 18.24  m² at nesting site  Z 
(Fig. 2A). A second aggregation of 27 nests was found oc-
cupying an area of 3.44 m² at nesting site C (Fig. 2B), lead-
ing to a total of 40 nests. Sleeping cavities were found 
only at nesting site Z for a total number of 40. Roberts & 
Brooks (1987) and Nates-Parra et  al. (2006) also report-
ed an aggregative tendency for the genus Caenohalictus, 
and Nates-Parra et al. (2006) recorded for an unidentified 
species of this genus a total of 56 nests in 8 m² and a sep-
aration among them of 8  cm in average. In C.  eberhar-
dorum Michener, 1979, thousands of nests occupied an 
area about 8 m long and 1 m high and in H. bimaculatus 
Michener, 1979 the nests were separated by 2 to 4 cm in 
a bank of 2 m high and 2.5 m long (Michener et al., 1978). 
There have been suggestions that such aggregations are 
formed, at least in some species, to increase defenses 
against natural enemies (Michener et al., 1958; Sakagami 
& Michener, 1962; Michener, 1974). Such aggregations 
also result from a tendency for young adults to return 
to the vicinity of their natal nests (Albert & Packer, 2013; 
Michener, 1966). Michener et al. (1958) have confirmed 
that groups appear as a result of innate aggregative fac-
tors of the bees in response to preferences of habitat re-
quirements. According to this idea, bees that nest in 
groups proceed in this way because the environment is 
optimal for the construction of nests in localized areas 
(Michener et al., 1958).

Individual nests of C. alexandrei were located within 
the aggregations by their entrances or tumuli. The en-
trances consisted of a circular aperture in the soil of sev-
eral sizes between 5‑7 mm in diameter (Figs. 3A‑F), and 
the tumuli consisted of an accumulation of compact soil 
around the entrance of the nest that contrasted with the 
straight surface of the soil and vegetation. Some nests 
did not present tumuli in their principal entrance, be-
cause these structures are very prone to be lost by heavy 
rains or wind that frequently erode them. Nates-Parra 
et al. (2006) reported similar characteristics from nests of 
Caenohalictus sp., with an entrance of 4 mm in diameter 
and a tumulus present in the entrance. LaBerge & Ribble 
(1966) reported for A. splendens an entrance of 8 mm in 
diameter. We infer that such a difference in size in the di-
ameter of the circular aperture of the nests may be associ-
ated with the body size of females within Caenohalictina.

Sakagami & Moure (1967) reported nests of 
Caenohalictus curticeps (Vachal, 1903) from Brazil also 
in vertical earth banks on roadsides. Other species such 
as Agapostemon nasutus Smith, 1953, A.  splendens, and 
Caenohalictus sabanaensis (pers. obs. by the authors) are 
selective in the choice of various degrees of soil inclina-
tion for nesting sites and are found exclusively in verti-
cal earth banks (Sakagami & Michener, 1962; Michener & 
Kerfoot, 1967; Eickwort & Eickwort, 1969). Such character-
istic does not seem to be exclusive to the Caenohalictini, 
since in Augochlorini it is also common to find reports of 
species that nest only in vertical banks, as reported by 
Michener & Kerfoot (1967) for nests of Pseudaugochlora 
graminea (Fabricius, 1804) and Michener (1977) for nests Ta
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Figure 3. Nests C. alexandrei in the earth banks. (A‑B) aggregations of nests: (A) nesting site C; (B) nesting site Z: (C‑F) Open nests entrances with traces of soil fall-
ing down the bank: (G‑H) Close nests entrances with soil. Red arrows indicate the open entrances of the nest. Red circles indicate the close entrance of the nest.
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of N. pubescens, two species that generally nest in verti-
cal soil earth banks close to houses, near empty plots of 
land and in suburbs.

Nests of other bee species, including Protandrena sp., 
Colletidae  sp. and Lasioglossum  sp. were also observed 
by us near aggregations of C. alexandrei. Bee species of 
the cleptoparasitic genus Sphecodes Latreille, 1804 were 
frequently observed flying throughout the day around 
the nests of C. alexandrei. Michener et al. (1978) reported 
a similar associative behavior among bee species, where 
the H. bimaculatus nests were located near to C. eberhar-
dorum nests, both species sharing the same nesting site. 
Those same authors also found the cleptoparasitic spe-
cies Microsphecodes truncaticaudus Michener, 1979 in 
this H. bimaculatus + C. eberhardorum association, where 
males and females of this cleptoparasitic bee were com-
monly observed flying around the nesting areas or fe-
males inside the cells of H. bimaculatus.

Field and behavioral observations

Behavioral observations of females

Through a total of 925 observations of females in the 
field obtained during a total of 1,472 h and in 40 nests 
of C. alexandrei, four external activities were determined: 
foraging activity (FA), guarding of the principal entrance 
(G) and opening (OE) and closure of the nests entrance 
(CE). 77.84% of the individuals presented FA during the 
total observation time, followed by G in 11.78% of the 
nests, CE in 5.51% of the nests and OE in 4.86%. All the 
activities occurred from 8:00 h to 16:00 h with the high-
est frequency peaks from 9:00  h to 14:00  h, except for 
CE, which was frequently observed during the afternoon 
from 13:00 h to 16:00 h and at sunset (Fig. 4).

These same four behavioral activities were report-
ed in the Caenohalictini species A.  nasutus (Eickwort 
& Eickwort, 1969; Roberts, 1969) and Agapostemon 

virescens (Fabricius, 1775) (Abrams & Eickwort, 1980); in 
the Halictini Halictus farinosus Smith, 1853 (Nye, 1980); 
and in the Augochlorini Pseudaugochlora  sp. (Michener 
& Kerfoot, 1967) and Augochlora daphnis Smith, 1853 
(Dalmazzo & Roig-alsina, 2012). FA was the most fre-
quently observed activity, because the females must ac-
tively collect pollen and nectar to construct a pollen ball 
(mass provisioning) where all of the larval food is sup-
plied before the egg is laid (Abrams & Eickwort, 1981).

Opening of the entrance of the nest (OE): This activity is 
strongly related to the foraging and guarding activities, 
because it determines, in most cases, the beginning of for-
aging. This activity was most frequently performed from 
8:00  h to 13:00  h, with the highest activity peaks being 
from 9:00 h to 12:00 h, a time period in which between 8 
and 17 females presented this activity; in this time range, 
FA was also higher (Fig. 4). In the development of OE, fe-
males of C.  alexandrei were observed removing the soil 
that sealed the entrance of the nest; this soil formed tumu-
li around the entrance or fell down the earth bank, leaving 
the principal entrance free and well-defined (Figs. 3C‑F). 
A minority of nests open in the afternoon from 12:00 h to 
14:00 h, even the same nest can open and close at least 
twice on the same day due to rain (Fig. 4).

Closure of the entrance of the nest (CE): Females were 
observed sealing the entrance of the nest with soil 
(Figs.  3G  and  H). This activity was more frequently car-
ried out in the afternoon and at sunset, with the highest 
frequency peak from 13:00 h to 16:00 h, a time at which 
the entrances of approximately 13‑16 nests were closed 
each hour (Fig. 4). Once the entrance was sealed, all other 
activities ceased. This CE activity was also carried out in 
the morning from 9:00 h to 13:00 h, albeit less frequently 
(Fig. 4) and mostly associated with rain.

This tendency of opening and closing the entrance 
of the nests was reported by LaBerge & Ribble (1966), 
Eickwort & Eickwort (1969), Roberts (1969), and Abrams 
& Eickwort (1980) for the genus Agapostemon. According 
to Eickwort et al. (1986), nests of Dufourea novaeangliae 
(Robertson, 1897) remain open while the bees are forag-
ing, but they are permanently closed with soil at the end 
of daily activities (from 15:30 h to 16:00 h); after the time 
of closing, the bees are unlikely to be seen on flowers. 
Zobel & Paxton (2007) suggested possible cleptoparasit-
ism of the nests as a factor in the closing of the entrance, 
because many cleptoparasitic bees inspect nests for ovi-
position. According to Roubik (1992), CE is also influ-
enced by weather factors and especially by heavy rains 
since humidity and floods must be avoided inside the 
nests. Thus, this activity is important to ensure the sur-
vival of both the adult and the immature bees.

Foraging activity (FA): Females were observed leaving 
and entering the nests (Fig. 5). This activity began soon 
after the sunlight hit the earth banks (8:00  h) and fin-
ished in the afternoon (16:00  h) (Fig.  4). We observed 
females foraging for pollen on flowers near the nests, 

Figure 4. Number of active females on nests where the various behavioral 
activities were registered at different times of the day and present in the nest-
ing site that were under observation. (FA) = foraging activity, (G) = guarding 
of the principal entrance, (OE) = opening of the entrance and (CE) = closure 
of the entrance of the nest.
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Figure 5. Nests of C. alexandrei in the earth banks. (A) Female leaving the nest to perform foraging activity; (B, D‑E) Female arrival and entry to the nest with a load 
of pollen in her hind femoral, tibial and ventral scopa and contact with the guardian female; (C) Female performing guarding activity in the entrance of the nest and 
waiting for the returns of another nest female’s; (F) Exit of the guardian female to forage just after the return of another adult female from the nest.
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where the males were also observed flying. After forag-
ing, most females returned to their nest, carrying pol-
len loads in their hind femoral and metasomal scopa 
(Figs. 5B, D and E). When returning to the nest, females 
exhibited erratic flight and inspected cracks and small 
holes in the earth bank, before entering their respective 
nests. FA was performed more frequently from 9:00 h to 
14:00 h, with the highest activity peaks being from 9:00 h 
to 12:00 h, during which time 106‑200 females were ob-
served foraging (Fig. 4).

Michener & Wille (1961) observed the first flights of 
Lasioglossum inconspicuus (Smith, 1853) from nests in 
the morning from 6:40  h to 9:00  h, and they reported 
that these first flights can be delayed on cloudy days. In 
the afternoon, a late female of this species was seen leav-
ing a nest as late as 16:55 h. For Caenohalictus sp., Nates-
Parra et  al. (2006) reported FA occurring from 9:00  h 
to 16:00 h in sunny weather. For A. nasutus, Eickwort & 
Eickwort (1969) reported FA carried out from 8:00  h to 
13:00 h, with the return of these bees with pollen to the 
nest occurring most frequently at 10:45 h. Roberts (1969, 
1973) reported females and males of Agapostemon ob-
taining nectar or pollen from the flowers during morning 
hours, with the best foraging time being around 9:00 h, 
when the weather is warm and sunny, and a rapid de-
crease in females on flowers occurring in the afternoon.

Caenohalictus alexandrei was seen foraging and rest-
ing on flowers adjacent to or near the edges of roads 
where the nesting sites were located. These flowers be-
long to plant species of the families Poaceae (Pennisetum 
clandestinum), Asteraceae (Taraxacum officinale, Bidens 
pilosa, Hypochaeris radicata, and Senecio madagascar-
iensis) and Fabaceae (Trifolium repens and Trifolium pre-
tense). Nates-Parra et al. (2006) reported that species of 
Caenohalictus visited the following ornamental plants: 
Crososmia aurea (Iridaceae), Jasminum  sp. (Oleaceae) 
and Antirrhinum majus (Scrophulariaceae).

Guarding of the entrance (G): During FA, the nests of 
C. alexandrei were constantly guarded by adult females 
that remained at the entrances of nests, blocking them 
with their heads. The head of a guarding female was visi-
ble at such an entrance until the return of another female 
(Figs. 5C and D); when other adult females came back to 
the nest with pollen loads (Figs. 5D and E), the guarding 
female departed to forage (Fig. 5F). Usually, as soon as a 
female left the nest, another one showed its head at the 
entrance (as long as the nest was made up of more than 
two adult females). The first guardians appeared at the 
entrances of the nests from 8:00  h, and the nests were 
guarded throughout FA. However, G decreased in the af-
ternoon from 13:00 h to 16:00 h, at which time FA also 
decreased considerably and closure of nest entrances 
began. G and FA are very related activities, so when the 
FA ends, G also ceases. As observed, both activities end-
ed after 16:00 h (Fig. 4).

Similar guarding activity was reported by Eickwort 
& Eickwort (1969) in A.  nasutus nests in that when the 

pollen-foraging activity ceased, the guard bees were ab-
sent. Roberts (1969), Abrams & Eickwort (1980, 1981) and 
Dalmazzo & Roig-Alsina (2012) also reported G activity in 
Agapostemon and Augochlora, in these genera, an adult 
female with its head peeking out of the nest entrance to 
protect it during foraging was common. According to 
Abrams & Eickwort (1980) and Dalmazzo & Roig-Alsina 
(2012), female guards of A. virescens and A. daphnis that 
leave a nest to forage are immediately replaced by other 
females of the nest.

In our observations, Sphecodes sp. females constant-
ly flew around the aggregations, and one female was 
seen attempting to enter a nest of C.  alexandrei. In the 
presence of this Sphecodes female, the guard female at-
tacked it with open mandibles, ramming and pushing 
the Sphecodes female toward the outside of the nest, and 
as the attack continued, the guard female turned around, 
plugging the hole with her metasomal terga. Thus, guard-
ing behavior functions to protect the nest against these 
cleptoparasitic bees. Sometimes the slightest movement 
was enough to cause a guard’s disappearance into the 
nest for some minutes; similar behavior by the males in 
the cavities was also seen. During nest excavation, male 
pupa belonging to Sphecodes genus were obtained, sug-
gesting that some nests had been parasitized by those 
bees. Roberts (1969) and Michener (2007) reported that 
bees from the genus Sphecodes are usual cleptopara-
sites in various nests of Halictinae. Therefore, Abrams & 
Eickwort (1980) reported the presence of Sphecodes da-
visii Robertson, 1897 males emerging from the nests of 
Agapostemon virescens (Fabricius, 1775) and Eickwort 
(1985) reported Sphecodes arvensiformis Cockerell, 1904 
as the cleptoparasite most frequently present in nests of 
Halictus farinosus Smith, 1853.

The time of G activity of females of C. alexandrei was 
not measured, but could be similar to the time that a fe-
male of the same nests spends exiting and entering the 
nest during foraging activity, and the replacement of the 
guardian female. Abrams & Eickwort (1981) reported that 
A. virescens females remain at their posts, guarding the 
nests for at least 1 h.

Behavioral observations of males

The males were observed in sleeping cavities and 
presented the following activities:

Staying at the cavity entrance (S): Males remained with 
their heads at the entrance of the cavities before they 
left, since they only inspected the exterior previously to 
go out and fly around the earth banks and the flowers for 
resources and females. In one first cavity, a male was ob-
served at the entrance from 10:30 h to 12:10 h before fi-
nally departing; in a second cavity, a male was observed 
from 10:57 h to 11:03 h; and in a third and fourth cavity, 
males were observed for only 2 and 3 min, respectively, 
indicating that the time of S was variable.

Cavity departure (D): Males were observed leaving cavi-
ties they inhabited to fly rapidly towards the flowers near 
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the nesting site, where they either perched immobile or 
stopped occasionally in the flowers, leaves or branches 
of T. officinale and B. pilosa, or on the ground of the same 
earth bank. Later, they returned to the cavities exhibiting 
erratic flight and inspecting cracks and small holes in the 
bank. In some cases, the males did not determine cav-
ities and were seen entering cavities different from the 
ones they had exited. D was the most frequent activity 
that males performed.

Corporal grooming (C): The males cleaned their bodies, 
antennae and wings with their anterior and hind legs. 
This activity was usually performed on flowers or earth 
banks. C activity usually took place during the immobile 
time and before they returned to the cavities.

Roberts (1969) and Abrams & Eickwort (1980) report-
ed similar behavior for males in sleeping cavities of sev-
eral species of Agapostemon, where the males were seen 
leaving from cavities and flying to the flowers to obtain 
nectar or pollen; this activity was generally performed 
in the morning (9:00 h) and into afternoon hours. D was 
the most frequently performed activity, because males, 
like females, must go out in search of food. Eickwort & 
Eickwort (1969) reported A. nasutus males were seen fly-
ing near Lantana camara flowers. Abrams & Eickwort 
(1980) reported S activity in A. virescens, where the males 
were found with their heads in the entrance of the sleep-
ing cavity for roughly 20 min, after they were observed 
leaving to the cavity in search of food. Some C. alexan-
drei males were found in females’ nests, and according to 
Dalmazzo & Roig-Alsina (2015), Augochlora phoemonoe 
(Schrottky, 1909) emerged males stayed within the nest 
for 12‑20 h, and did not participate in any activity. C was 
not performed by females, possibly to avoid pollen re-
moval before they entered in the nest.

Nest internal architecture

The nests of C.  alexandrei differed considerably in 
their internal architecture, mainly in the number of cells 
(4 to 77 cells (25.87 ± 9.03, n = 8)) and the number of lat-
eral tunnels (3 to 8 for a nest (4.5 ± 0.62, n = 8)). Michener 
et al. (1978) reported the maximum number of cells as-
sociated with a single nest of C. eberhardorum was eight. 
The level of complexity of the nest architecture depend-
ed on the number of adult females inhabiting them. All 
nests were inhabited by more than one adult female (2 to 
9 females) (4.25 ± 1.01, n = 8) (Table 1).

Caenohalictus alexandrei nests were composed 
of an entrance leading to a main tunnel, which pen-
etrated vertically downwards to the interior of the 
earth bank; a minimum and maximum depth of 6 and 
16 cm (12.40 ± 3.19, n = 8), respectively, was observed. 
Attached to main tunnel were laterals extending from 
them sub-horizontally or horizontally into the ground. 
Usually empty cells were found at the end of each lat-
eral, except in the nest  4, where two cells with a trace 
of old pollen were found (Fig. 6). Michener et al. (1978) 

reported C. eberhardorum nests with a vertical entrance 7 
to 20 cm deep (2.5 mm in diameter) and the laterals from 
4 to 42  mm (2  mm in diameter), each leading to a sin-
gle cell. Roberts (1973) reported Agapostemon sp. nests 
with a vertical entrance 20 to 150 cm deep and the lat-
erals from 5 to 20 cm long. LaBerge & Ribble (1966) re-
ported A. splendens nest 100 cm deep and with three lat-
erals, one extending irregularly and somewhat down-
ward for 30 cm, two with single cells containing pollen 
and with at least one of these cells terminal on the lateral. 
In comparison to those Caenohalictini, nests of C. alexan-
drei were not deep. Abrams & Eickwort (1980) remarked 
from A.  virescens that both laterals and cells vary con-
siderably by nest, depending on the number of females 
and the age of the nest. Agapostemon sp., Caenohalictus 
curticeps (Vachal, 1903) and H. farinosus nests exhibited 
a similar pattern with C.  alexandrei in relation with the 
nest structure, such as a vertical main burrow and short 
horizontal laterals, each subtending a single horizon-
tal cell (Sakagami & Moure, 1967; Eickwort & Eickwort, 
1969; Roberts, 1969; Roberts & Brooks, 1987; Nye, 1980). 
Michener et al. (1958) mentioned that the function of this 
spatial arrangement of the cells around the main tunnel 
in the ground seems to be the increase in the number of 
cells within a limited space.

Nests 1, 2, 3, 4 and 6, with greater depth (11‑16 cm) 
and number of cells (10‑77), were considered as old nests 
due to their complex architecture (Table 1). During the 
nest observation period, these nests were very active. 
Conversely, nest  8 had fewer cells with respect to the 
other nests excavated and presented simple architec-
ture, leading to it being considered as a newer nest. As 
other evidence for considering it as a new nest was due 
to during its excavation, four newly emerging adult fe-
males were found, each in their respective natal cell, and 
a male was also found together with them. This male did 
not have a cell of its own inside the nest and presumably 
it tried to mate with the females (Fig. 6B), although no 
mating was observed near the nesting sites. Similarly, no 
castes were established among adult females obtained 
from the nests, and no externally distinguishable queen 
was present.

Most C.  alexandrei cells were occupied by imma-
tures at different stages of development (egg, larva 
and pupa) (Table 1). Immature cells were found sealed 
with soil and were not directly connected to the later-
als (Fig.  6), similar to what was reported by Michener 
et al. (1978) for C. eberhardorum. The cells of the nests 
were in a horizontal, subhorizontal, or slightly down-
ward position. They were never in an upright posi-
tion. The cells were an average of 7 to 10 mm in length 
(8.69 ± 0.95, n = 13) and 5 to 7 mm in width (5.77 ± 0.73, 
n  =  13) and were constructed with compacted parti-
cles of soil. The external surface of the cells was irreg-
ular (Fig.  7A), and their internal surface was smooth 
and shiny (Figs. 7B and D). Both the cells and the later-
als in nests were covered in a shiny coating similar to 
wax. The cells were ovoid, with the lower surface slight-
ly flattened (Fig.  7A,  B  and  D). Within Caenohalictini 
cell’s size seems to be a variable feature. Michener et al. 
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(1978) reported the measurements of cells of C. eberhar-
dorum between 6 and 7 mm long and 3 mm in diame-
ter, and Abrams & Eickwort (1980) reported the cells of 
A. virescens with sizes from 11 to 12 mm in length and 
from 6.5 to 7.0 mm in width. Therefore, the cells size of 

C.  alexandrei seems to be an intermediate range be-
tween these two species. The differences in the cells’ 
measurements may be due to C. alexandrei is compar-
atively smaller (♀:  7.8‑8.4  mm) (Celis et  al., 2014) than 
A. virescens (♀: 11 mm) (Abrams & Eickwort, 1980), but 

Figure 6. Internal architecture of nests of C. alexandrei. (A) Nest 2; (B) Nest 8; (C) Nest 1; (D) Nest 4. ♀ and ♂ indicating on sex of adult bees, female and male re-
spectively, ♀ + indicate dead females. Scale: 2 cm.
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larger than C. eberhardorum (♀: 4.5‑5.5 mm) (Michener, 
1979). Covering cells and walls with the aforementioned 
waxy material according to Michener et  al. (1958) is a 
very important task in controlling the humidity of the 
cells and in the control of mold growth, as it separates 
the pollen mass from the substrate, which tends to be-
come quickly contaminated when it is in direct contact 
with the soil. Abrams & Eickwort (1980) reported these 
characteristics and attributes of shape and coating of 

cells in Pseudagapostemon, Ruizantheda, Caenohalictus 
and Habralictus genera as well.

Many cells of C.  alexandrei were uncovered in the 
course of excavation, and the contents of 207 of them 
were as follows: 108 empty cells (Figs. 7A and B) or cells 
with traces of old pollen (Fig. 7C and D), 12 partial pollen 
provisioning cells (Fig. 7E), 8 pollen storage cells (Fig. 7F), 
49 breeding cells (Fig.  8) and 30 cells with individuals 
(with adult females or males) (Table 1).

Figure 7. Cells of nests of C. alexandrei. (A‑B) Empty cells: (A) External appearance of cells; (B) Internal appearance of cells with a lateral tunnel; (C‑D) Cells with trac-
es of old pollen, possibly previously inhabited; (E) Cells with partial pollen provisioning, which are being provisioned for future use; (F) Pollen storage cells, ready for 
oviposition and its eventual use.
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Empty cells: Correspond to new cells completely built, 
but without pollen content, and that would later be used 
to house the immature. The empty cells had narrow side 
openings that were approximately 3 mm wide (Fig. 7B). 
This union with the laterals permits a direct connection 
of the empty cells with the main tunnel and with the out-
side, facilitating their provisioning (Fig. 6).

Cells with traces of old pollen: Cells with dry pollen on 
the walls, corresponding to larval feces. Therefore, these 
cells belonged to emerged offspring (Figs. 7C and D).

Partial pollen provisioning cells: Cells with fresh and dry 
pollen content in the form of a loose mass on the floor of 
the cell and a direct connection with the main tunnel and 
outside. According to Abrams & Eickwort (1980), in nests 
of A. virescens, this pollen is the result of the first two or 
three trips that an adult female makes outside the nest 

in search of the resources (pollen) for feeding the imma-
ture (Fig. 7E). These cells are connected to the laterals and 
main tunnel to facilitate the work of the adult females, 
which can enter and leave the cells quicker and easily 
with the pollen load. The presence of empty or partial-
ly provisioned cells attached to the laterals was also re-
ported by Eickwort & Eickwort (1969) in A. nasutus nests.

Pollen storage cells: Cells with pollen in the form of a wet 
uniform mass. The pollen contained in the partial pollen 
provisioning cells was mixed with nectar and transformed 
into a bright yellow spherical mass (Fig. 7F). A single mass 
of pollen was found per cell. Caenohalictus alexandrei is a 
mass provisioner species and this spherical pollen mass is 
the complete supply to feed the offspring (Figs. 8A and B). 
These cells were found to be sealed with soil and isolat-
ed from the outside, likely to protect the brood after ovi-
position from environmental factors, fungi growth or the 

Figure 8. Breeding cells of C. alexandrei. (A‑B) Eggs on pollen mass in the cell; (C‑F) Larvae: (C) Young larva; (D‑E) Larvae in intermediate stage with pollen in their 
digestive tract; (F) Mature larva; (G‑H) Pupae: (H) Young pupa; (G) Mature pupa.
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attack of cleptoparasites or predators. Sealing also allows 
the brood to develop under favorable conditions in terms 
of humidity and temperature to ensure success in the 
emergence of the adults (Roubik, 1992).

Breeding cells (eggs): Eggs of C.  alexandrei are curved 
and white, with only one egg deposited on a single mass 
of pollen per cell. Each egg was placed on top of the 

spherical pollen mass so that both ends of the egg were 
in contact with the mass. Each egg was observed with 
its axis parallel to the long axis of the cell (Fig. 8A and B).

Breeding cells (larvae): Larvae of C. alexandrei are white 
and C‑shaped. The ventral parts of the young larvae sur-
rounded the pollen mass (Fig.  8C). Larvae in an inter-
mediate state of maturity swelled visibly; at this stage, 

Figure 9. Pollinic resource used by C. alexandrei. (A‑B) Taraxacum officinale: (A) Flower with adult female; (B) Pollen grains; (C‑D) Bidens pilosa: (C) Flowers; (D) Pollen 
grains; (E‑F) Senecio madagascariensis, (E) Flower with adult female; (F) Pollen grains. Scale: 100 µm.
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the larvae became yellow due to the presence of pol-
len in their digestive tract (Figs.  8D  and  E). The prepu-
pae has white coloration with a dark stain on the dor-
sal part and with well-pronounced tubercles forming 
thoracic ridges (Fig. 8F), as also reported for the prepu-
pae of Agapostemon splendens (Lepeletier, 1841) and 
Agapostemon radiatus (Say, 1837) (LaBerge & Ribble, 
1966).

Breeding cells (pupae): Pupae are shaped like an adult. 
The young pupae are completely white and wingless, and 
present movement of the apical abdominal segments 3 
to 5 (Fig. 8H). The mature pupae have reddish eyes, and 
the alar primordia began to form (Fig. 8G). Later, the pu-
pae become dark acquiring the characteristic colors of 
the adults (metallic olive-green). At this late stage of de-
velopment, the pupae present movements in the apical 
abdominal segments and the hind legs.

Cells with adults: Cells occupied by emerged and dead 
adult bees. We could not establish the cause of death.

Sleeping cavities

The sleeping cavities of the males were simple. Males 
were seen using a cavity as a place of refuge and rest; 
this cavity was excavated and consisted of a single en-
trance that led to a single main tunnel extending 2.5 cm 
deep into the ground, ending in a single cell. Except for 
those present in nests, males are solitary; no more than 
one male was observed inhabiting a sleeping cavity, and 
no cooperation was observed in building or preparing 
these cavities.

Pollen masses

Pollen resource obtained from C. alexandrei nests cor-
responds to exotic plants belonging to the Asteraceae 
family, suggesting that C. alexandrei is an oligolectic spe-
cies. The percentage of each pollinic types found in the 
20 samples was as follows: T. officinale (93.83%), B. pilo-
sa (2.17%), H.  radicata (2.10%) and S.  madagascariensis 
(1.9%) (Fig. 9). Abrams & Eickwort (1980) and Michener 
(1977) also reported A.  virescens and N.  pubescens bees 
foraging on Asteraceae, mainly on B. pilosa flowers.

The Asteraceae pollen values found in nests of C. al-
exandrei were high due to possible factors such as: sea-
son-round presence, high local abundance, frequent 
presence in areas with anthropic disturbance and prox-
imity to nesting sites. Roberts (1969) reported that bees 
of the genus Agapostemon do not go beyond a few feet 
away from their nests to find pollen and nectar. Solomon 
(1970) mentioned that Asteraceae flowers are very attrac-
tive to many bees due to their yellow coloration and for 
the high production of both pollen and nectar resources, 
in comparison with other plant families that lack one of 
these two resources, or where the pollen and nectar are 
present in small quantities or the nectar is quite diluted.
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