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The Cavity-Nesting Bee Guild (Apoidea) in a Neotropical Sandy Coastal Plain

Introduction

Bee populations are dependent of key resources 
related to their feeding, mating and nesting (Westrich, 1996). 
The Brazilian “restingas” (herbaceous-shrub and arboreal 
vegetation covering the sandy coastal plain) are under intense 
degradation, which has produced accentuated changes in the 
landscape and habitat loss (Rocha et al., 2007). The loss of 
local biodiversity, primarily by fragmentation and habitat 
loss can reduce the availability of nesting sites and food 
resources, and threaten bee communities and pollination 
services (Viana et al., 2012).

Abstract 
Some solitary bees establish their nests in preexisting cavities. Such nesting behavior 
facilitates the investigation of their life history, as well as the monitoring of their 
populations in natural, semi-natural and cropped habitats. This study aimed to evaluate 
the acceptance of artificial substrates by cavity-nesting bees in a heterogeneous 
landscape. We investigated the percentage of occupation of the different trap-nests, the 
monthly fluctuations in the nesting activity, offspring sex ratio, mortality and parasitism, 
in two phytophysiognomies: herbaceous-shrub restinga (site 1) and arboreal restinga (site 
2). We used as trap-nests, bamboo canes, large and small straws of cardboard inserted 
into solid wooden blocks. Five bee species established 193 nests, from which 386 adults 
emerged. Centris tarsata Smith was the most abundant species. Large straws were 
significantly more occupied than small straws (χ² = 19.951; df = 1; p < 0.0001). Offspring 
mortality rate for unknown reasons was significant different between sites, 11% (site 
1) and 20% (site 2) (χ² = 4.203; df = 1; p = 0.04). The cavity-nesting bee guild had similar 
composition in both phytophysiognomies, there was a similar rate of occupation of 
trap-nests in both sites, as well as dominance of C. tarsata nests. Offspring mortality and 
parasites attack rates seem to be the more distinctive aspects between the herbaceous-
shrub and arboreal restinga sampled. Our study indicated that remnant fragments of 
coastal native habitats may be important nesting sites for the maintenance of bee 
populations, some of which have been indicated as candidates for management as 
pollinators of cultivated plants in Brazil.
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Several bee species nest in natural and artificial 
preexisting cavities (Roubik, 1989). The trap-nests sampling 
technique was designed by Krombein (1967) in order to obtain 
nests of these bees. Since then, it has been used to answer 
questions related to breeding and nesting biology (Garofalo 
et al., 2012). It also has allowed a management of bee 
pollinators in agricultural and natural landscapes, resulting in 
the increasing of the agricultural production (Bosch & Kemp, 
2000; Magalhães & Freitas, 2013; Yamamoto et al., 2014). 

Some studies have investigated the nesting biology 
of solitary bee species inhabiting the Atlantic coastal plain 
(Viana et al., 2001; Aguiar & Martins, 2002; Camarotti-de-Lima 
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& Martins, 2005; Bernardino & Gaglianone, 2008; Martins et 
al., 2014).  Some of these cavity-nesting bee species, such as 
Centris and Xylocopa spp. are involved in pollination of crops 
and wild plants (Gottsberger et al., 1988; Buchmann, 2004; 
Gaglianone et al., 2010; Yamamoto et al., 2012; Oliveira et 
al., 2013). This study aimed to evaluate the acceptance of 
artificial substrates (trap-nests) for nest by cavity-nesting 
bees in a heterogeneous landscape covered by different 
phytophysiognomies of ”restingas”. We investigated the 
percentage of occupation of the different trap-nests, the 
monthly fluctuations in the nesting activity of these species, 
as well as the sex ratio of the offspring and the incidence of 
mortality and parasitism of the brood cells.

Material and methods

Study area

This study was carried out in a private reserve (RPPN-
DSA, Reserva Particular do Patrimônio Natural  Dunas de Santo 
Antônio; 12°27’S; 37°56’W), in Mata de São João, state of 
Bahia, Northeast of Brazil. According to the classification 
of Köppen, the local climate is Tropical (Af), hot and humid 
without dry seasons. The average temperature is between 21°C 
and 31 °C, and annual rainfall varies from 1,600 to 2,000 mm. 
The rainiest period occurs from April to June (SEI, 1999). 

The phytophysiognomies of this restinga are similar 
to those described by Cogliatti-Carvalho et al. (2001), the 
herbaceous-shrub vegetation of the restingas are characterized 
by bare sand corridors, allowing a higher incidence of sunlight, 
while in the arboreal restinga, there is a greater density of 
woody vegetation, less sunlight incidence, increased availability 
of litter on the ground and high humidity. The study site is 
covered by an herbaceous-shrub vegetation in which Humiria 
balsamifera, Waltheria cinerescens, Chamaecrista ramosa, 
Chrysobalanus icaco, and Cuphea brachiata were plants 
often found, and by arboreal vegetation, a kind of restinga 
forest, in which Bowdichia virgilioides, Stryphnodendron 
pulcherrimum, Andira nitida and Anacardium occidentale 
are common plant species and can exceed 12 m in height 
(Queiroz, 2007). These plant species are the most important 
food resources for wild bees in sandy coastal plain of Bahia, 
Brazil (Viana & Kleinert, 2006). 

Sampling

The sampling was carried out in two sites 2.5 km distant 
from each other: one in the herbaceous-shrub vegetation (site 
1), and other in arboreal vegetation (site 2). Although the 
sampling points are located in different phytophysiognomies, 
they are not far from each other enough to suggest that these 
bee populations are distinct. 

The trap-nests were kept in steel shelves covered 
with a plastic tarpaulin. We used as trap-nests straws made 
of black cardboard inserted into solid wooden blocks, as 
well as bamboo canes following Camillo et al. (1995), and 

Aguiar and Garofalo (2004). Six blocks of wood perforated 
by holes were placed at each site. Three blocks contained 60 
holes each, in which black cardboard straws measuring 58 x 6 
mm (SS = small cardboard straws) were inserted. Three other 
blocks contained 56 holes each, in which trap-nests of 105 x 
8 mm (LS = large cardboard straws) were placed. In addition, 
18 hollow bamboo canes were arranged in groups containing 
six bamboo canes of variable lengths (90 to 220 mm) and 
diameters (8 to 16 mm). 

The trap-nests were inspected once a month, from 
November 2006 to November 2007. The trap-nests used by 
bees were collected and replaced by new ones. Each nest was 
maintained in a glass tube at room temperature, and they were 
opened after the emergence of the imagos. The number of 
brood cells, the presence of dead individuals and their stage 
of development, as well as the presence of other insects in the 
brood cells were recorded.

Data analysis

The χ² test was used to compare trap-nest occupation 
in each site and the occupied trap-nests of each size (Zar, 
2011). The χ² Test goodness of fit tests was used to compare 
the following aspects between the two sites: length of trap-
nest and the frequency of occupation of the trap-nest (is 
the percentage the ratio between the total number of nests 
founded by the total number of nests available large and small 
card nests plus cane bamboo in each site), in order to check 
the extent to which the observed sex ratio deviated from the 
expected frequency (1M:1F), and to analyze differences in 
progeny sex ratio among nests of different size and nests from 
different sites . Heterogeneity χ² test was used to analyze the 
rates of immature mortality and parasitism (Zar, 2011). The 
Mann-Whitney test was used to monthly assess whether there 
were preferably in the two types of trap-nest offered, and also 
to check the difference on the development time between 
males and females emerged in the nest (Zar, 2011).

Spearman correlation (rS) analyses  were performed to 
assess monthly temperature and precipitation effects on the 
monthly frequency of new nests, being considered significant 
p <0.05 by the Student’s t-test (Zar, 2011). Sörensen index 
(Cs) was used to evaluate the degree of similarity in the 
species composition of the cavity-nesting guild in both sites 
(Magurran, 2011). The analyzes were performed using R 
software (R Development Core Team, 2016).

Results

Trap-nests occupation, species richness and abundance 

 Five bee species nested in the trap-nests (Table 1). 
Although the phytophysiognomies are different in the two 
sampling points, there was no significant difference in the 
total number of nests between these sites (χ² = 0.375; df = 
1; p = 0.54). A similar species composition of the cavity-
nesting bee guild was found in the two sites (Cs = 0.88). Only 
Tetrapedia diversipes Klug occurred exclusively in the site 2. 
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The occupation rates of the trap-nests were also similar,  25% 
(site 1) and 28% (site 2). Centris tarsata Smith established the 
highest number of nests in both sites,  18% of the all nests in 
the site 1 and 20% in the site 2 (Table 1). 

Regarding to the occupation of the straws of different 
dimensions, the total occupation rate (the two sites together) 
was 36% to the large straws (122 nests established), and 
11% to the small straws (39 nests). There was a statistically 
significant difference in the occupation rates of these straws of 
different dimensions (χ² = 19.951; df = 1; p < 0.001).  Centris 
analis Fabricius, C. tarsata, and T. diversipes used both types 

of cardboard straws, while Centris trigonoides Lepeletier used 
only the large straws. C. tarsata established significantly more 
nests in large straws than in small ones (χ² = 82.6; df  = 1; p 
< 0.001), while C. analis established a higher number of nests 
in small straws (χ² = 12.772; df = 1; p < 0.001). There was 
no significant difference in the occupation of large and small 
straws by T. diversipes (χ² = 3.469; df = 1; p > 0.05) (Table 1). 
Regarding to the occupation of  bamboo canes, 89% of those 
that were made available to the bees were occupied. C. tarsata 
used mainly those from 10 to 13 mm diameter, while Euglossa 
cordata Linnaeus, occupied only those with 18 mm in diameter. 

Bee species

Site 1 Site 2

Total LS SS BC Total LS SS BC

N I N I N I N I N I N I N I N I

Centris analis 15 26 5 5 10 21 - - 15 15 - - 15 15 - -

Centris tarsata 64 178 51 106 - - 13 72 73 113 53 60 4 - 16 53

Centris trigonoides 10 23 10 23 - - - - 1 2 1 2 - - - -

Tetrapedia diversipes - - - - - - - - 12 19 2 4 10 15 - -

Euglossa cordata 2 1 - - - - 2 1 1 9 - - - - 1 9

Total 91 228 66 134 10 21 15 73 102 158 56 66 29 30 17 62

Table 1. Number of nests provisioned (N) and number of imagos emerged (I) in restinga vegetation, Bahia, Brazil. Site 1: herbaceous-shrub 
vegetation, site 2: arboreal vegetation. LS = large cardboard straws, SS = small cardboard straws, BC = bamboo canes.

Fig 1. Number of nests established by bees in trap-nests, maximum 
and minimum temperature, and monthly pluviosity, in Mata de São 
João, state of Bahia, Brazil, from November 2006 to November 2007. 

Fig 2. Number of nests established by bee species in restinga 
vegetation. 

Temporal distribution of nesting activity

Nesting activity in this restinga occurred mainly 
from December to June, with an abundance peak of nests 
in December (Fig 1). The total number of nests established 
per month, was influenced by the nesting activity of C. 
tarsata, which established the highest number of nests. The 
temporal distribution of its nesting activity was more restricted  

(six months) than that of other species, such as C. analis, 
which had the longest nesting period (nine months) (Fig 2).

 There was a significant positive correlation between 
minimum monthly temperature and the total number of nests 
built (rS = 0.71; p < 0.05), for the nests built by C. tarsata (rS 
= 0.62; p < 0.05) and C. trigonoides (rS = 0.64; p < 0.05), but not 
for the other species. There was no correlation between monthly 
rainfall and the total number of nests (rS = 0.03; p < 0.05). 
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Brood cells provisioned, emergence of imagos and sex ratio 

 C. tarsata provisioned the highest number of brood 
cells, both in cardboard straws (n = 263 brood cell) and 
bamboo canes (n = 130) (Table 2). The average number of 
brood cells per nest was 2.39 in cardboard nests, and 4.48 
in bamboo canes. The number of brood cells varied in all 
types of trap-nests, with a maximum of 11 brood cells per 
nest in bamboo straws and seven in cardboards tubes. The 
most frequent number of brood cells per nest was one (21% 
of nests), three (22%) in cardboard tubes, and five (23%) and 
ten (17%) in bamboo straws. The brood cells were arranged 
linearly in the nests established in cardboard straws, while 
they tended to be oblique in bamboo canes. Most C. analis 
nests (52%) had three brood cells, while in C. trigonoides 
nests four brood cells were more frequent (44%) and three 
brood cells were common in T. diversipes nests (38%). 

The interval between the collection of the nests and the 
emergence of imagos was quite variable. Most C. trigonoides 
and T. diversipes immatures had a development time longer than 
121 days (Table 3). Only C. tarsata had a significant difference 
on the development time between males (maximum of 50 days) 
and females (maximum of 54 days) (U = 10.734;  p < 0.05). 

From the 554 brood cells provisioned by bees, 386 
imagos emerged (Table 2), so the emergence success was 
70% in this habitat. In the nests built in bamboo canes, the 
emergence success was higher than 90% of the brood cells 
provisioned in the nests of C. tarsata and E.  cordata. In the 
nests built by these bees in cardboard tubes, this percentage 
ranged between 50 and 66% (Table 2).

The sex ratio of C. tarsata offspring was significantly 
different from 1:1 (χ² = 18.91; p < 0.0001) in cardboard straws 
(4M: 1F). But the sex ratio of the offspring produced in bamboo 
canes did not differ significantly from 1:1 (Table 2).

Bee species ♂ ♀ SR χ² EB BC C/N

(n) (n) (n) (n)

C. tarsata (cardboard straws) 143 35 4.1M:1F 18.910* 166 263 2.39

C. tarsata (bamboo canes) 63 66 1.0M:1F 0.004 125 130 4.48

C. analis 32 20 1.6M:1F 0.974 41 81 2.08

C. trigonoides 16 11 1.4M:1F 0.168 25 36 3.45

T. diversipes 16 3 5.3M:1F 3.606 19 33 2.75

E. cordata 5 6 1.0M:1F 10 11 1.10

Total 275 141 386 554

* p < 0.05

Table 2. Number (n) of males and females of cavity-nesting bees produced in trap-nests (including  imagos found dead inside brood cells), 
offspring sex ratio (SR), Chi-square test for SR (χ²), number of imagos emerged (EB), number of brood cells (BC), and number of brood 
cells per bee nest (C/N).

Mortality

 Emergences of natural enemies (Anthrax sp., Mesocheira 
bicolor Fabricius, Leucospis sp.) were recorded in 45 brood 
cells from these bee nests (Table 4). Bee offspring mortality 
rate for unknown reasons was 11% (site 1) and 20% (site 2) 
(Table 4). There was a significant difference between the 
sampling sites (χ² = 4.203; df = 1; p < 0.05). The mortality 
rate in C. tarsata offspring was lower in the nests established in 
bamboo canes (4%) than in cardboard straws (19%) (Table 4). 

The incidence of brood cell parasitism was higher at 
the arboreal vegetation (site 2 = 13%), than in the herbaceous-
shrubby vegetation (site 1 = 5%), significantly different (χ² = 
4.629; df = 1; p <  0.05). C. tarsata had low rates of parasitism 
in cardboard straws and in bamboo canes, as well as in both 
sites (Table 4). T. diversipes had high percentage of brood 
cells attacked by natural enemies (Table 4). 

Bee species

Time intervals  (in days)

01
-3

0

31
-6

0

61
-9

0

91
-1

20

12
1-

15
0

15
1-

18
0

18
1-

21
0

21
1-

24
0

24
1-

27
1

>2
71

n

C. tarsata 150 142 - - - - - - - - 291

C. analis 22 4 15 - - - - - - - 41

C. trigonoides 1 3 - - - 1 2 12 5 24

T. diversipes 1 3 - - 2 4 3 3 - - 16

E. cordata 1 7 - - - - - - - 1 9

Table 3. Number of imagos of cavity-nesting bees emerged from 
trap-nests per time intervals  between the collection of the nests and 
the emergence.



P Oliveira-Rebouças, CML Aguiar, VS Ferreira, GS Sodré, CAL Carvalho, M Gimenes – Cavity-Nesting Bee Guild in Restinga710

Discussion 

The cavity-nest bee guild in the RPPN-DSA had few 
species, as well as in other coastal habitats in the Northest of 
Brazil, as sand dunes (Viana et al., 2001), coastal savanna 
(coastal “tabuleiros”), and coastal rainforest (Aguiar & 
Martins, 2002). Differences in species richness in cavity-
nesting guilds may be related to differences in the species 
composition of each bee assemblage, as they can also be 
influenced by sampling, since there are different probabilities 
of nesting females finding the trap-nests and accepting them as 
substrates of nesting. Flower-visiting data from RPPN-DSA 
have indicated that there are at least ten other cavity-nesting 
bee species in this area. The abundance of several of these 
cavity-nesting bees in flowers was low, suggesting that their 
populations are small (P. Oliveira-Rebouças, unpublished 
data). The absence of Xylocopa species using the trap-nests 
was surprising, since they are usual components of the cavity-
nesting bees guild in the Brazilian coastal plain  (Viana et 
al., 2001; Aguiar & Martins, 2002; Viana & Alves-dos-
Santos, 2002; Silva et al., 2015). Five Xylocopa species were 
collected visiting flowers in the RPPN-DSA, and two of them 
(Xylocopa cearensis Ducke and Xylocopa subcyanea Pérez) 
were very abundant in this bee assemblage (P. Oliveira-
Rebouças, unpublished data). However, they did not use the 
trap-nests available, although there were adequate for their 
nesting (bamboo canes up to 220 mm in diameter). 

The percentage of trap-nests occupied was moderate,  
both in site 1 (25%) and site 2 (28%). These trap-nests 
occupation rates were higher than those recorded in other 
coastal habitats in Northeast Brazil. Viana et al. (2001) 
reported that solitary bees used only 14% of the trap-nests 
available in a fragment of tropical sand dunes, and Aguiar 
and  Martins (2002) recorded that bees occupied 7% of the 
trap-nests in a coastal savanna (tabuleiros vegetation). On 
the other hand, these authors recorded occupancy of 25% of 
trap-nests in a coastal rainforest. The trap-nests occupation 
rates by nesting bees can be influenced by several factors, 
such as the local availability of natural substrates for nesting 
(Frankie et al., 1988; Viana et al., 2001; Silva & Viana, 2002), 

the diversity of the trap-nests available (Vandenberg, 1995), 
the degree of exposure to the sun (Frankie et al., 1988), and 
the local availability of trophic resources (Gathmann et al., 
1994).  These factors appear to have not interfered in the trap-
nest occupation rates between sites in the RPPN-DSA, since 
there was no difference in the occupation of the trap-nests in 
herbaceous-shrub and arboreal phytophysiognomies.

The abundance of bee nests established in each site 
(91 and 102 nests) in the restinga RPPN-DSA was higher 
than those found in sand dunes (n = 62) (Viana et al., 2001), 
in coastal rainforest (n = 19), in coastal savanna vegetation 
(n = 47), and in a mosaic of these two latter habitats (n = 69) 
(Aguiar & Martins, 2002). Differences in the number of bee 
nests may be related to the number of sampled sites in each 
area, to the sampling effort, as well as to the local dominance of 
some species that can establish many nests. In the RPPN-DSA, 
the high number of nests in both phytophysiognomies was due 
to the high nesting success of C. tarsata in these habitats. This 
high dominance of C. tarsata on artificial nesting substrates has 
been recorded in other habitats in Northeast Brazil, as coastal 
sand dunes (Viana et al., 2001), coastal savanna (Aguiar & 
Martins, 2002), dry forest (“Caatinga”) and semideciduous 
forest (Aguiar & Garófalo, 2004). These findings support the 
hypothesis raised by Aguiar and Garofalo (2004) about the high 
ability of C. tarsata populations to occupy open environments, 
with high temperatures and high insolation. Probably, this 
factor contributed to the large number of nests founded by C. 
tarsata females in RPPN-DSA, because much of the this area is 
covered by an herbaceous-shrub vegetation, which allows high 
incidence of sunlight. 

These solitary bees used different types and sizes of 
trap-nests in unequal proportions. In large straws there were 
higher number of nests, and they attracted more bee species 
than small straws, as was also observed in other habitats 
(Aguiar & Garofalo, 2004; Pina & Aguiar, 2011). C. tarsata 
showed more affinity for large cardboard straws, while C. 
analis used mainly small cardboard straws, similar to that 
observed in coastal savanna, where 54% of the C. tarsata 
nests were built in large straws and 88% of C. analis nests 
were in small straws (Aguiar & Martins, 2002). 

Table 4. Mortality percentage in bee brood cells due to unknown causes or parasitism. Site 1: herbaceous-shrub vegetation, site 2: arboreal 
vegetation. NBC: total number of brood cells attacked by natural enemies (parasites). 

Bee species
Unknown causes (%) Parasitism (%)

Natural enemies NBC (N)
site 1 site 2 Total site 1 site 2 Total

C. tarsata
(bamboo canes) 1.4 7.0 3.9 2.7 12.3 6.9 Anthrax sp. 

Mesocheira bicolor
1
8

C. tarsata
(cardboard straws) 10.1 29.6 19.4 4.3 8.8 6.5

Anthrax sp. 
Mesocheira bicolor 
Leucospis sp.

7
7
3

C. analis 20.5 37.8 28.4 6.8 10.8 8.6 Leucospis sp. 7

C. trigonoides 29.4 - 27.8 5.9 - 5.6 Leucospis sp. 2

T. diversipes - 18.2 18.2 - 21.2 21.2 Leucospis sp. 
Anthrax sp.

6
1

E. cordata 50.0 - 9.1 - 33.3 33.3 Anthrax sp. 3
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We registered high amount of trap-nests occupied by 
solitary bees (especially C. tarsata) in the hottest months 
(summer) in the RPPN-DSA, with a peak of abundance 
in December, when rainfall was low. In other studies, 
variations were  observed between seasons and years. In 
coastal savanna, the highest number of nests was registered 
in summer (November), a rainy and hot season (Aguiar & 
Martins 2002). According to Viana et al. (2001), in coastal 
sand dunes of Northeastern Brazil, the dominant species, 
C. tarsata, had abundance peak of nests in December (in 
summer, the dry season) in the first year, while a higher 
number of nests was found in the rainy months (autumn) in 
the second year. The fluctuations in the frequency of nesting 
can be related to intrinsic factors of the cavity-nesting species 
or to environmental factors, such as weather patterns, or the 
dynamic of floral resources availability (Frankie et al., 1988). 

The number of brood cells built per nest was variable in 
all species, as reported in other habitats, for C. tarsata (Aguiar 
& Garófalo, 2004; Buschini & Wolff, 2006) and C. analis 
(Jesus & Garófalo, 2000). Large variations in the number of 
brood cells were also found in different types of trap-nests 
(cardboard straws and bamboo canes) in the studied area. The 
number of brood cells built per nest, as well as the brood cells 
arrangement in nests, depend upon the size of the cavity. On the 
other hand, behavioral decisions of the female bees regarding 
time spent in the same cavity to produce offspring affect the 
number of brood cells produced by nest, since the more time 
invested in the same nest the more brood cells are expected to 
be produced. Alternatively, distributing the reproductive effort 
in several nests should also have some effect on variability in 
the number of cells per nest (Jesus & Garofalo, 2000). 

The total sex ratio of C. tarsata offspring was biased to 
males, mainly in cardboard straws (4M:1F), but not in bamboo 
canes (1M:1F). Bias to males have been recorded in some 
populations of C. tarsata (Aguiar & Martins 2002; Aguiar 
& Garófalo, 2004; Buschini & Wolff,  2006). However, in 
other populations, the sex ratio of the offspring was 1:1 (Silva 
et al., 2001; Aguiar & Garófalo, 2004). Several factors can 
affect the offspring sex ratio of cavity-nesting bees, as the 
length (Alonso et al., 2012; Gruber et al., 2011; Stephen & 
Osgood, 1965) and diameter of the cavities (Rust 1998), the 
abundance of food resources in the environment, the foraging 
efficiency of nesting females (Torchio & Tepedino, 1980), 
and conditions of the mother (Seidelmann et al., 2010). 

The mortality rate by unknown reasons varied among 
the species. C. tarsata offspring had low mortality in bamboo 
canes (< 4%), and higher in cardboard straws (19%). These 
values were lower than those in other habitats, as reported by 
Aguiar and Garófalo (2004), who recorded 41% in dry forest 
and 42% in a semideciduous forest in Brazil. Buschini and 
Wolff (2006) found high rates of offspring mortality (58% to 
70%) by unknown reasons in swamp habitat and grasslands 
in southern Brazil. The mortality rate in C. analis offspring 
(35%) was moderate similar to that observed in agricultural 

areas in Brazil (24-25%) (Aguiar & Pina, 2012). Higher 
mortality rates were found in an urban area in southeastern 
Brazil,  63% (Jesus & Garófalo, 2000) and 42% (Couto & 
Camillo, 2007). Offspring mortality may be related to failures 
in development, environmental factors, such as temperature 
(Jesus & Garófalo, 2000; Gazola & Garófalo, 2009), changes 
in air humidity conditions (Buschini & Wolff, 2006), or even 
to the handling of the nests (Aguiar & Pina, 2012).

Although the phytophysiognomies sampled in the 
RPPN-DSA were different, the cavity-nesting bee guild 
had a similar composition in the studied sites, there was a 
similar rate of occupation of trap-nests in both sites, as 
well as dominance of C. tarsata nests. Mortality rates due 
to unknown causes and by parasite attack on the offspring 
of some cavity-nesting bee species seem to be the most 
distinctive aspect between herbaceous-shrub restinga and 
arboreal restinga phytophysiognomies sampled. Another 
relevant aspect was the lack of records on both sites of some 
cavity-nesting species, collected in flowers, but did not use 
the available artificial nesting substrates, indicating that the 
trap-nest sampling method alone is not enough to adequately 
sample the species richness of the cavity-nesting bee guild. 
Finally, our study indicated that remnant fragments of 
coastal native habitats may be refuges for the maintenance 
of bee populations, some of which, such as C. tarsata and C. 
analis, have been indicated as candidates for management as 
pollinators of cultivated plants in Brazil.

Acknowledgments

This study was financed in part by the “Coordenação 
de Aperfeiçoamento de Pessoal de Nível Superior - Brasil” 
(CAPES) - Finance Code 001. We thank “Conselho Nacional 
de Desenvolvimento Científico e Tecnológico” (CNPq) for 
granting a scholarship to CALC (number 305885/2017-0).

References

Aguiar, C.M.L. & Garófalo, C.A. (2004). Nesting biology of 
Centris (Hemisiella) tarsata (Hymenoptera, Apidae, Centridini). 
Revista Brasileira de Zoologia, 21: 477-486. doi: 10.1590/
S0101-81752004000300009

Aguiar, A.J.C. & Martins, C.F. (2002). Abelhas e vespas 
solitárias em ninhos-armadilha na Reserva Biológica Guaribas 
(Mamanguape, Paraíba, Brasil). Revista Brasileira de Zoologia, 
19: 101-116. doi: 10.1590/S0101-81752002000500005

Aguiar, C.M.L. & Pina, W.C. (2012). Mortalidade da prole 
de abelhas coletoras de óleo (Hymenoptera, Apidae) em áreas 
cultivadas com aceroleira. Magistra, 24: 136-142

Alonso, J.D. S., Silva J.F. & Garofalo, C.A. (2012). The effects 
of cavity length on nest size, sex ratio and mortality of Centris 
(Heterocentris) analis (Hymenoptera, Apidae, Centridini). 
Apidologie, 43: 436-448. doi: 10.1007/s13592-011-0110-0

http://dx.doi.org/10.1590/S0101-81752004000300009
http://dx.doi.org/10.1590/S0101-81752004000300009


P Oliveira-Rebouças, CML Aguiar, VS Ferreira, GS Sodré, CAL Carvalho, M Gimenes – Cavity-Nesting Bee Guild in Restinga712

Bernardino, A.S. & Gaglianone, M.C. (2008). Nest Distribution 
and Nesting Habits of Xylocopa ordinaria Smith (Hymenoptera, 
Apidae) in a Restinga Area in Northern Rio de Janeiro State, 
Brazil. Revista Brasileira de Entomologia, 52: 434-440. doi: 
10.1590/S0085-56262008000300017

Bosch, J. & Kemp, W.P. (2000). Development and Emergence 
of the Orchard Pollinator Osmia lignaria (Hymenoptera: 
Megachilidae). Environmental Entomology, 29: 8-13

Buchmann, S.L. (2004). Aspects of centridine biology 
(Centris spp.) importance for pollination and use of Xylocopa 
spp. as greenhouse pollinators of tomatoes and other crops 
In B.M. Freitas & J.O.P. Pereira (Eds.), Solitary Bees: 
conservation, rearing and management for pollination (pp. 
203-211). Fortaleza: Imprensa Universitária.

Buschini, M.L.T. & Wolff, L.L. (2006). Nesting biology 
of Centris (Hemisiella) tarsata Smith in southern Brazil 
(Hymenoptera, Apidae, Centridini). Brazilian  Journal of  Biology, 
66: 1091-1101. doi: 10.1590/S1519-69842006000600016

Camarotti-de-Lima, M.F. & Martins, C.F. (2005) Biologia de 
Nidificação e Aspectos Ecológicos de Anthodioctes lunatus 
(Smith) (Hymenoptera: Megachilidae, Anthidiini) em Área 
de Tabuleiro Nordestino. Neotropical Entomology, 34: 375-
380. 10.1590/S1519-566X2005000300003 

Camillo, E., Garofalo, C.A., Serrano, J.C. & Muccillo, G. 
(1995). Diversidade e abundância sazonal de abelhas e vespas 
solitárias em ninhos armadilhas (Hymenoptera: Apocrita: 
Aculeata). Revista Brasileira de Entomologia, 39: 459-470.

Cogliatti-Carvalho, L., Freitas, A.F.N., Rocha, F.D. & Van 
Sluys, M. (2001). Variação na estrutura e na composição de 
Bromeliaceae em cinco zonas de restingas no Parque Nacional 
da Restinga de Jurubatiba, Macaé, RJ. Revista Brasileira de 
Botânica, 24:1-12. doi: 10.1590/S0100-84042001000100001 

Couto, R.M. & Camillo, E. (2007). Influência da temperatura 
na mortalidade de imaturos de Centris (Heterocentris) analis 
(Hymenoptera, Apidae, Centridini). Iheringia, Série Zoologia: 
97: 51-55. doi: 10.1590/S0073-47212007000100008

Frankie, G.W., Vinson, S.B., Newstrom, L.E. & Barthell, J.F. 
(1988). Nest site and habitat preferences of Centris bees in the 
Costa Rican dry forest. Biotropica, 20: 301-310. 

Gaglianone, M.C., Rocha, H.H.S., Benevides, C.R., Junqueira, 
C.N. & Augusto, S.C. (2010). Importância de Centridini 
(Apidae) na polinização de plantas de interesse agrícola: o 
maracujá-doce (Passiflora alata Curtis) como estudo de caso 
na região sudeste do Brasil. Oecologia, 14: 152-164. doi: 
10.4257/oeco.2010.1401.08

Garófalo, C.A., Martins, C.F., Aguiar, C.M.L., Del Lama, 
M.A., Alves-dos-Santos, I. (2012). As Abelhas Solitárias e 
Perspectivas para seu uso na polinização no Brasil. In V.L. 
Imperatriz-Fonseca, D.A.L. Canhos, D.A. Alves & A.M. 
Saraiva (Orgs.), Polinizadores no Brasil - contribuição e 

perspectivas para a biodiversidade, uso sustentável, conservação 
e serviços ambientais (pp. 183-202). São Paulo: EDUSP.

Gathmann, A., Greiler, H.J. & Tscharntke, T. (1994). Trap-
nesting bees and wasps colonizing set-aside fields: sucession 
and body size, management by cutting and sowing. Oecologia, 
98: 8-14

Gazola, A.L. & Garófalo, C.A. (2009). Trap-nesting bees 
(Hymenoptera, Apoidea) in forest fragments of the State of 
São Paulo, Brazil. Genetics and Molecular Research, 8: 607-622

Gottsberger, G., Camargo, J.M.F. & Silberbauer-Gottsberger, 
I. (1988). A bee pollinated tropical community: The beach 
dune vegetation of Ilha de São Luís, Maranhão, Brazil. 
Botanische Jahrbücher für Systematikv, 109: 469-500

Gruber, B., Eckel, K., Everaa, J. & Dormann, C.F. (2011). 
On managing the red mason bee (Osmia bicornis) in apple 
orchards. Apidologie, 42: 564–576. doi: 10.1007/s13592-011-
0059-z

Jesus, B.M.V. & Garófalo, C.A. (2000). Nesting behaviour 
of Centris (Heterocentris) analis (Fabricius) in southeastern 
Brazil (Hymenoptera, Apidae, Centridini). Apidologie, 31: 
503-515. doi: 10.1051/apido:2000142

Krombein, K.V. (1967). Trap-nesting wasps and bees: life 
histories, nests and associates. Washington: Smithsonian Press, 
510 p.

Magalhães, C.B. & Freitas, B.M. (2013). Introducing nests of 
the oil-collecting bee Centris analis (Hymenoptera: Apidae: 
Centridini) for pollination of acerola (Malpighia emarginata) 
increases yield. Apidologie, 44: 234-239. doi: 10.1007/s13592-
012-0175-4

Magurran, A.E. (2011). Medindo a diversidade biológica. 
Curitiba: UFPR Publisher, 261p.

Martins, C.F., Peixoto, M.P. & Aguiar, C.M.L. (2014). Plastic 
nesting behavior of Centris (Centris) flavifrons (Hymenoptera: 
Apidae: Centridini) in an urban area. Apidologie, 45: 156-
171. doi: 10.1007/s13592-013-0235-4

Oliveira, G.A., Aguiar, C.M.L., Silva, M. & Gimenes, M. 
(2013). Centris aenea (Hymenoptera, Apidae): a ground-
nesting bee with high pollination efficiency in Malpighia 
emarginata DC (Malpighiaceae). Sociobiology, 60: 317-322. 
10.13102/sociobiology.v60i3.317-322 

Pina, W.C. & Aguiar, C.M.L. (2011). Trap-nesting bees 
(Hymenoptera: Apidae) in orchards of acerola (Malpighia 
emarginata DC) in a semiarid region in Brazil. Sociobiology, 
58: 379-392 

Queiroz, E.P. (2007). Levantamento florístico e georreferen-
ciamento das espécies com potencial econômico e ecológico 
em restinga de Mata de São João, Bahia, Brasil. Biotemas, 
20: 41–47

R Development Core Team. (2016). R: A language and 



Sociobiology 65(4): 706-713 (October, 2018) Special Issue 713

environment for statistical computing. R Foundation for 
Statistical Computing, Vienna, Austria. http://www.R-project.org/

Rocha, C.F.D., Bergallo, H.G., Van Sluys, M., Alves, M.A.S., 
Jamel, C.E. (2007). The remnants of restinga habitats in the 
brazilian Atlantic Forest of Rio de Janeiro state, Brazil: Habitat 
loss and risk of disappearance. Brazilian Journal of Biology, 
67: 263-273. doi: 10.1590/S1519-69842007000200011 

Roubik, D.W. (1989). Ecology and Natural History of Tropical 
Bees. Cambridge: Cambridge University Press, 514p 

Rust, R.W. (1998). The effects of cavity diameter and length on 
the nesting biology of Osmia lignaria propinqua Cresson (Hym.: 
Megachilidae). Journal of Hymenoptera Research, 7: 84-93.

SEI (1999). Anuário Estatístico da Bahia. Salvador: SEI, pp.57-58.

Seidelmann, K., Ulbrich, K., Mielenz, N. (2010). Conditional 
sex allocation in the red mason bee, Osmia rufa. Behavioral 
Ecology and Sociobiology, 64: 337–347. doi: 10.1007/s00265-
009-0850-2

Silva, F.O., Viana, B.F. & Neves, E.L. (2001). Biologia e 
arquitetura de ninhos de Centris (Hemisiella) tarsata Smith 
(Hymenoptera: Apidae: Centridini). Neotropical Entomology, 
30: 541–545

Silva, F.O. & Viana, B.F. (2002). Distribuição de ninhos de 
abelhas Xylocopa (Hymenoptera: Apidae) em uma área de 
dunas litorâneas. Neotropical Entomology, 31: 661-664. doi: 
10.1590/S1519-566X2002000400025

Silva M., Ramalho M., Aguiar C.M.L., Silva M.D. (2015). 
Apifauna (Hymenoptera, Apoidea) em uma área de restinga 
arbórea-mata atlântica na costa atlântica do Nordeste do Brasil. 
Magistra, 27: 110–121

Stephen, W.P. & Osgood, C.E. (1965). Influence of tunnel size 
and nesting medium on sex ratios in a leaf-cutter bee, Megachile 
rotundata. Journal of Economic Entomology, 58: 965-968

Torchio, P.F. & Tepedino, V.J. (1980). Sex ratio, body size 
and seasonality in a solitary bee, Osmia lignaria propinqua 
Cresson (Hymenoptera: Megachilidae). Evolution, 34: 993-1003.

Vandenberg, J.D. (1995). Nesting preferences of the solitary 
bee Osmia sanrafaelae (Hymenoptera: Megachilidae). Journal 
of Economic Entomology, 8: 592-599

Viana, B.F., Silva, F.O. & Kleinert, A.M.P. (2001). Diversidade 
e sazonalidade de abelhas solitárias (Hymenoptera: Apoidea) em 
dunas litorâneas no Nordeste do Brasil. Neotropical Entomology, 
30: 245-251. doi: 10.1590/S1519-566X2001000200006

Viana, B.F. & Alves-dos-Santos, I.A. (2002). Bee diversity 
of coastal sand dunes of Brazil. In: P.G. Kevan & V.L. 
Imperatiz-Fonseca (Eds), Pollinating bees: the conservation 
link between agriculture and nature (pp 135-153), Brasília: 
Ministry of Environment.

Viana, B.F. & Kleinert, A.M.P. (2006). A flora apícola de 
uma área restrita de dunas litorâneas, Abaeté, Salvador, 
Bahia. Revista Brasileira de Botânica, 29:13-25. doi: 10.1590/
S0100-84042006000100003

Viana, B.F., Lopes, A.V., Pigozzo, C.M., Boscolo, D., Mariano 
Neto, E., Lopes, L.E., Ferreira, P.A. & Primo, L. (2012). A 
polinização no contexto da paisagem: O que de fato sabemos 
e o que precisamos saber? In V. L. Imperatriz-Fonseca,  D.A. 
L. Canhos, D.A. Alves & A.M. Saraiva (Orgs.), Polinizadores 
no Brasil - contribuição e perspectivas para a biodiversidade, 
uso sustentável, conservação e serviços ambientais (pp. 67-
102). São Paulo: EDUSP 

Westrich, P. (1996). Habitat requirements of central European 
bees and the problems of partial habitats. In A. Matheson, S. 
L. Buchmann, C. O’Toole, P. Westrich & H. Williams (Eds.), 
The conservation of bees (pp. 1–16). London: Linnean Society 
of London and the International Bee Research Association by 
Academic Press.

Yamamoto, M., Silva, C.I., Augusto, S.C., Barbosa, A., Oliveira, 
P.E.O. (2012). The role of bee diversity in pollination and 
fruit set of yellow passion fruit (Passiflora edulis forma 
flavicarpa, Passifloraceae) crop in Central Brazil. Apidologie, 
43: 515–526. doi: 10.1007/s13592-012-0120-6

Yamamoto, M., Silva, C.I., Augusto, S.C., Barbosa, A. & 
Oliveira, P.E.O. (2014) Estimating crop pollinator population 
using mark-recapture method. Apidologie, 45: 205–214. doi: 
10.1007/s13592-013-0238-1

Zar, J.H. (2011). Biostatistical analysis. New Jersey: Prentice- 
Hall, 944 p.

http://www.R-project.org/

	_Hlk518820966
	_Hlk510027675

