Apidologie (2019) 50:811-820

© INRA, DIB and Springer-Verlag France SAS, part of Springer Nature, 2019

DOI: 10.1007/513592-019-00688-7

Original article

®

Check for
updates

Rainfall, temperature, and vegetation type influence nesting
by the oil-collecting bee Centris (Hemisiella) tarsata in
Brazilian restinga

Dantibia Maria da Costa'?, Michela Costa BATISTA® Amaury Soares de Brito>?,
Inacio de Barros®, Adenir Vieira TEODORO'

1Programa de Pos-Graduacao em Agroecologia, Universidade Estadual do Maranhdo, Travessa Paulo VI, s/n-Cidade
Universitaria Paulo VI, Sdo Luis, MA 65057-630, Brazil
2Embrapa Tabuleiros Costeiros, Av. Beira-Mar 3250, Jardins, Caixa Postal 44, Aracaju, SE, Brazil
3Programa de Pos-Graduagdo em Agricultura e Ambiente, Universidade Estadual do Maranhéo, Centro de Estudos
Superiores de Balsas, Praga Gongalves Dias s/n Centro, Balsas, MA 65800-000, Brazil
“Programa de Pos-Graduagio em Agricultura e Biodiversidade, Universidade Federal de Sergipe, Av. Marechal Rondon,
s/n-Jd. Rosa Elze, Sao Cristovao, SE, Brazil
B Embrapa Gado de Leite, Rua Eugénio do Nascimeno, 610-Dom Bosco, 36038-330, Juiz de Fora, MG, Brazil

Received 2 February 2019 — Revised 22 July 2019 — Accepted 5 September 2019

Abstract — Solitary bees are the main pollinators of native plant species and crops, therefore, understanding how
they respond to the environment is essential to maintain ecosystem function and services. Here, we assessed how
climatic conditions and vegetation type influence Centris tarsata nesting in Brazilian restinga. Evaluations were
conducted using trap-nests placed in open areas, shrubby and secondary vegetations, and at understory and canopy
in open areas and secondary vegetations. Overall, nesting was higher during the dry season, mostly in open areas at a
height of 1.5 m. However, in shrubby and secondary vegetations, nesting seems to be favored by a specific rainfall
and temperature range. Furthermore, the amount of brood cells, total number of adults, and nest length were higher
in open areas compared to shrubby and secondary vegetations. Therefore, our results show that rainfall, temperature,
and vegetation structure are determining factors in C. farsata nesting in the Brazilian restinga.

trap-nests / cavity-nesting bees / pollinators / climate conditions / Malpighiaceae

1. INTRODUCTION

Mutualistic interactions between plants and
pollinators play a fundamental role in the mainte-
nance of ecosystem functions and services. Plants
provide food resources such as pollen and nectar
to pollinators, which in turn help fruit and seed
formation through pollination services (Giannini
et al. 2015). Bees are the most important and
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effective pollinators. Furthermore, they are eco-
logically and functionally diverse, forage on a
wide variety of floral forms and nest on a myriad
of substrates (Klein et al. 2007). The number of
bee species worldwide could be as high as 30.000
species (Michener 2007), from which 85% have a
solitary habit (Silva et al. 2001; Buschini and
Wolff 2006). Solitary bee species have specific
habitat requirements such as pre-existing cavities
for nesting as well as flower resources (pollen,
nectar, and oil), and thus, they heavily rely on
vegetation structure (Ebeling et al. 2012; Flores
et al. 2018). Additionally, the reproductive suc-
cess of solitary bees can be indirectly affected by
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climatic conditions owed to their influence on host
plant community richness, composition, physiog-
nomy, and bee nesting biology. Therefore, habitat
simplification has adverse effects on bee diversity,
which makes preservation efforts pivotal for the
maintenance of Aculeata populations (Morato and
Campos 2000; Morato and Martins 2006; Faria
and Gongalves 2013; Flores et al. 2018).

Several studies evaluating solitary bee commu-
nities in areas with well-defined dry and rainy
seasons revealed that Megachile sp.
(Megachilidae), Eufriesea nordestina Moure,
Euglossa cordata Linnaeus, Tetrapedia
diversipes Klug, Xylocopa frontalis Olivier, and
species belonging to the genus Centris such as
Centris tarsata Smith, C. analis Fabricius, and
C. vittata Lepeletier (Apidae) are the most com-
mon species (Aguiar and Martins 2002; Aguiar
et al. 2005; Mesquita and Augusto 2011; Flores
et al. 2018). The genus Centris encloses medium
to large-sized solitary bee species, it is predomi-
nantly occidental, and distributed from tropical
areas of Argentina and Bolivia to the USA
(Silveira et al. 2002; Michener 2007). These spe-
cies need a rich flora to obtain food resources such
as nectar, pollen, and floral oils for both larvae and
adults. Centris (Hemisiella) tarsata Smith, 1874
is widely distributed in Brazil and it has been
recorded in different biomes and climatic condi-
tions countrywide (Silva et al. 2001; Aguiar and
Martins 2002; Aguiar and Garéfalo 2004;
Buschini and Wolff 2006; Mendes and Régo
2007; Mesquita and Augusto 2011; Flores et al.
2018).

Although some studies have investigated the
vertical nesting of bees in tropical forests (Morato
2001; Mendes and Régo 2007; Stangler et al.
2015), they were carried out in the Amazon forest
and in semi-deciduous vegetation in Brazil, and in
forest remnants in Costa Rica. Information on bee
nesting preference for understory or canopy is
scarce, and to our knowledge, no study has ad-
dressed the vertical nesting behavior of solitary
bees in restinga. This tropical and subtropical
ecosystem is typical on coastal regions and it is
composed by herbaceous plants, shrubs, and ar-
boreous strata on sandy plains under marine in-
fluence (Souza et al. 2008; Serra et al. 2016).
Accordingly, we addressed the following
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questions: (1) is there an association among cli-
matic conditions, type of vegetation, and
C. tarsata nesting behavior? (2) Do nest architec-
ture (brood cell number built, nest length, cavity
width, thickness of entrance and partition walls,
and volume of cell) biological characteristics and
parasitism vary among vegetation types? (3) Is
there preference for C. tarsata nesting at different
vegetation strata?

2. MATERIAL AND METHODS
2.1. Study area

The study was carried out in a protected area
(763.37 ha) belonging to Empresa Brasileira de
Pesquisa Agropecuaria (Embrapa) in the munici-
pality of Itaporanga d’Ajuda (11° 06’ 16.19" S; 37°
11" 05.89” W), in the northeastern Brazilian State
of Sergipe. According to Kdoppen classification,
predominant climate in the region is tropical with
marked dry (September to February) and rainy
(March to August) seasons, with average annual
rainfall above 1250 mm. The biome is Atlantic
rainforest composed by a matrix of mangrove,
restinga, and apicum (sandy open areas influenced
by the tidal regime). The study was conducted
within the restinga domain. (Nogueira Junior
et al. 2013). Rainfall and temperature were respec-
tively obtained from a meteorological station locat-
ed in the area and from the Instituto Nacional de
Meteorologia INMET) on a per-month basis.

2.2. Sampling

Trapnests consisted of 15 pieces of hollow
bamboo canes (20.0 cm long) with one node in
the middle, forming two internodes (9.0 to
11.0 cm deep). Bamboo canes had internal diam-
eters ranging from 0.3 to 2.0 cm evenly distributed
(5 hollow bamboo canes of 0.3 to 0.8 cm, 5 0f 0.9
to 1.4 cm, and 5 of 1.5 to 2.0 cm of diameter) and
they were wrapped together with a 22.0 cm wide
plastic sheet and wire, totaling thirty cavities.
Trap-nests were set up in three vegetation types
in restinga, viz. (1) open areas—dominance of
grasses as Paspalum maritimum Trind., weeds,
cactus (Melocactus zehntneri, Britton & Rose)
and some sparsely distributed trees, direct
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sunlight; (2) shrubby vegetations—dominance of
shrubs and few tree species as Anacardium
occidentale L., Byrsonima crassifolia L. Kunth,
Mpyrciaria tenella (D.C) O. Berg, some grasses,
partial shading with high luminosity; and (3) sec-
ondary vegetations—dominance of medium to
large tree species as A. occidentale, Hancornia
speciosa Gomes, Tapira guianensis Aublet, and
Inga sp. , dense vegetation, soil covered by a thick
litter layer, shaded with low luminosity. Four rep-
licates for each vegetation type were chosen, to-
taling twelve sampling areas. Study sites were
usually clustered in groups of three vegetation
types to avoid spatial autocorrelation (Teodoro
et al. 2011). At each study site, four trap-nests
were hung by a wire and attached to a tree branch
at 1.5 m above the ground and distanced 1.0 m
from each other. Entomological glue was monthly
applied to the wire to avoid crawling arthropods.
Trap-nests were monthly inspected throughout
2 years (from July 2016 to June 2018) and nested
bamboo canes were removed and replaced with
empty ones with similar internal diameter.
Nested bamboo canes were individualized in
a plastic cage and kept indoors at 27 °C+2 °C
until the emergence of C. tarsata adults and
their cleptoparasites, also known as cuckoo
bees or cuckoo wasps that loot brood cells
storage (Ebeling et al. 2012) and parasitic flies.
Emerging adults were killed, sexed, and the
morphometry was performed. Nest architecture
features such as the count of brood cells and
measures of total nest length (from the first to
last cell built), nest width, and thickness of the
brood cell partition and entrance wall were also
evaluated with a caliper ruler. Brood cell vol-
ume was calculated by the formula: 7T.r2.h,
where r is the width and % is the length of the
cell. Wings of three adults of each sex were
measured with a scale-magnifier model
MG13100, totaling 12 adults (females and
males) from each vegetation type, except for
secondary vegetation wherein one of the sam-
pling areas, no adults emerged. Identification of
nest building material and counting of dead
immatures (no emerging individuals of
C. tarsata, cleptoparasites, or offspring who
died in early stages) were performed 3 months
after the nests were taken to the laboratory.
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2.3. Nesting stratification

An additional nesting stratification preference
study was performed by lining up two trap-nests
tied together with a wire and attached to a rope at
1.5, 3.5, and 5.5 m height in open areas and
secondary vegetations with four replicates. The
rope was attached to a pulley at the tip of a 7.0
m-high bamboo pole. Entomological glue was
applied to bamboo pole base to prevent crawling
arthropods. Evaluations were monthly conducted
for 1 year, beginning in September 2016, and the
nested bamboo canes were taken to the laboratory
and replaced by empty ones with similar internal
diameters. Nested cavities were kept indoors as
explained above.

2.4. Statistical analyses

Data were nested and analyzed using general-
ized linear mixed-effects models (GLMEs) with
Poisson (discrete variables) or Gaussian (continu-
ous variables) error distributions (Crawley 2007).
The models were subjected to analysis of variance
(ANOVA), and a posteriori contrasts were per-
formed to assess differences among treatments
(Crawley 2007). Spearman correlations were per-
formed between the number of nests built and
temperature, rainfall, and tree abundance using
ISwR package. Pearson’s chi-square test (y )
was performed to compare C. tarsata sex ratios
among vegetation types. All analyses were per-
formed with R software version 3.3.1 (R
Development Core Team 2016) and subjected to
residual analyses in order to assess the suitability
of the models and error distributions (Crawley
2007).

A classification and regression tree analysis
was further performed for a better understanding
of how climatic conditions influenced C. tarsata
nest building on different vegetation types. Eval-
uation period (month), temperature (°C), rainfall
(mm), and vegetation types were considered as
explanatory variables, while the number of nests
built by C. tarsata was treated as response vari-
able. The root node represents total sampling,
which further divides into two or more sets called
decision nodes and into sub-nodes and/or terminal
nodes. Differences among sub-nodes and parent
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node were accessed through the chi-squared auto-
matic interact detection (CHAID) method (Kass
1980). The analysis was performed in XLSTAT
2014.5.3 and adjusted by Bonferroni correction, at
5% significance level.

3. RESULTS

3.1. Centris tarsata nesting according to
vegetation type

A total of 162 nests of C. farsata were collect-
ed, the majority in open areas (52.47%), 37.03%
in shrubby, and only 10.50% in secondary vege-
tations. Altogether, 585 adults of C. tarsata
emerged from the nests, most of them from open
areas (59.6%), followed by 32.14% from shrubby
vegetations, and 8.20% from secondary vegeta-
tions. The cuckoo bee Mesocheira bicolor
Fabricius (54.05%) was the main C. farsata nat-
ural enemy emerging from nests, followed by an
Anthidiini species (37.84%) and Coelioxys sp.
(1.8%) (Megachilidae). Other natural enemies
emerging from nests were the dipterans Anthrax
spl (4.5%) and Anthrax sp2 (1.8%)
(Bombyliidae).

Centris tarsata nesting period lasted from Oc-
tober 2016 to February 2017, peaking in Novem-
ber and December during the dry season. A new
nesting cycle was recorded from September 2017
until January 2018, peaking in November and in
January (Figure 1). Nesting was negatively corre-
lated with rainfall (rho = —0.581, P <0.01) and
abundance of tree species (rho = —0.755,
P <0.01), but not with temperature (rho =
0.2047, P >0.05).

Classification and regression tree analysis
yielded five levels of depth as shown in Figure 2.
In higher temperatures, the mean number of nests
was 0.81 in 36% of samples (P < 0.001) contrast-
ing with a lower number (0.28) in 64% of samples
in lower temperatures (P < 0.05). In shrubby and
secondary vegetations, nesting mostly occurred
when temperatures were high and associated to a
low rainfall (P <0.001). Also, there was no
nesting in 16% of samples in shrubby and second-
ary vegetations with increasing rainfall (P <
0.001). In open areas, the main explanatory factor
was the sampling period, being the mean number
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of nests (1.25) higher in December in 1.3% of
samples (P <0.001) followed by September and
October. Moreover, the mean number of nests was
higher (4.0) in 1.3% of samples (P < 0.001) when
the temperature increased in June, July, August,
and November. In those months, there was a de-
crease in cumulative rainfall in relation to the
previous period (Figure 1).

3.2. Nest architecture and bionomical
characteristics

Nests were constructed with a mixture of sand
and vegetal oil which covered the outer wall of the
entrance, hardening after drying. Brood cells were
arranged according to cavity width, linear in smaller
sized cavities, perpendicular in medium sized, and
in some cases, overlapping each other in larger
cavities. The inner brood cell was smooth and hard
in appearance, covered by a cellophane-like film.
Brood cells contained a dark yellow to brown mix-
ture of pollen and nectar as food supply for larvae.

The number of brood cells built per nest dif-
fered among vegetation types: open areas had the
highest numbers, followed by shrubby and sec-
ondary vegetations. There was no difference in
nest width, wall thickness, and brood cell volume
among vegetation types. The partition wall thick-
ness of the brood cells was higher in secondary
vegetations compared to open areas and shrubby
vegetations (Table I).

After field collection, emergence of adults from
nests ranged from 2 to 49 days for males and from 4
to 40 days for females. The total number of
emerged adults and males of C. tarsata was influ-
enced by vegetation types (x 2= 484,df.=1,P <
0.001; x*=7.75, df.= 1, P <0.01, respectively),
being highest in shrubby vegetations, followed by
open areas and secondary vegetations. The mean
number of females, cleptoparasites, and dead im-
matures were also influenced by vegetation types
(x*=15.67,df =1,P <0.001; x*=6.62,df =1,
P <0.01;x*=31.67,d.f =1, P <0.01, respective-
ly), with higher values for open areas, followed by
shrubby and secondary vegetations. There was no
difference in the size of males or females wings
(x?=048, df.=2, P >0.05; y*=0.08, d.f =2,
P >0.05, respectively) (Table I) among vegetation
types. Sex ratio was significantly male biased in



Nesting by Centris tarsata in restinga

50
45
40
35
30
25
20
15
10

Temperature °C

815

400
350
300

250

Rainfall mm?

150
100

50
1 0

JJ JAS OND JFMAMUJJ AS ONDJFMAMIJ

2016

CJTemperature °C

2017

mm Nest-cavity

2018

—Rainfall (mm?)

Figure 1. Temperature (°C), rainfall (mm), and number of nests built by C. tarsata in restinga open areas, shrubby,

and secondary vegetations from July 2016 to June 2018.

secondary vegetations (sr=1:0.37, X2 =13.13,
d.f.=5, P <0.05), but not in open areas (sr=
1:0.35, Xz =19.33, d.f. =19, P >0.05) and shrub-
by vegetations (sr=1:0.27, x2 =1742, df. =13,
P >0.05).

3.3. Nesting stratification

A total of 31 nests founded by C. tarsata were
collected, roughly half of which (14 nests) in open
areas and closer to the soil (1.5 m height), follow-
ed by 9 and 3 nests at 3.5 m and 5.5 m height,
respectively. We observed considerable fewer
nests in secondary vegetations (16.13%; 1 nest at
1.5 m and 2 nests at 3.5 m and 5.5 m height). The
cuckoo bee M. bicolor was the only
cleptoparasite that emerged from the nests and it
was found only in open areas.

The highest number of brood cells and dead
immatures (P <0.001) was recorded at 1.5 m
height and the lowest at 5.5 m in open areas.
The total of individuals was lower in nests closer
to the canopy (at 5.5 m height) when compared to
those nearer to the soil (1.5 m height). Neither
vegetation nor trapnest height influenced the total
number of males and females (Table II).

4. DISCUSSION

Rainfall was the main climate condition
explaining C. tarsata nesting patterns over the

2-year sampling period, and it was negatively
correlated with nesting. In contrast, temperature
had no influence on nesting, possibly owing to its
low variation throughout the year, which contrasts
with well-defined rainy and drought periods in the
study region. However, when temperature and
rainfall were analyzed in relation to the type of
vegetation and throughout the sampling period,
new results emerged. The classification and re-
gression tree shows two distinct groups of
C. tarsata (Figure 2): one influenced directly by
rainfall and temperature and another influenced
by the sampling period. Nesting in shrubby and
secondary vegetations was favored at low rainfall
and high temperature, increasing rainfall ceases
nesting, possibly because high humidity is unfa-
vorable for nesting. In open areas, C. tarsata
nesting was also generally concentrated during
the dry season, in months of low rainfall and
higher temperatures. Either drought or rainfall
periods beyond normal may disturb floral re-
sources availability and consequently, bee fre-
quency. The frequent annual population fluctua-
tions appear to be a regular feature for bee species
that nest in pre-existing cavities (Frankie et al.
1998).

This nesting pattern in the dry season is con-
sistent with results from other Brazilian vegeta-
tions such as eucalyptus, riparian, and mesophytic
forests in Maranhdo State, semi-deciduous sea-
sonal forest and open savanna in Paraiba State,
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Figure 2. Regression tree showing the influence of climatic conditions and sampling period on nesting by
C. tarsata in restinga open areas, shrubby, and secondary vegetations.

and swamps and pastures in the southern region
(Aguiar and Martins 2002; Buschini and Wolff
2006; Mendes and Régo 2007). However,
Aguiar and Garéfalo (2004) observed more
C. tarsata nests during the rainy season in semi-
deciduous and semiarid caatinga vegetations.
Sunny habitats can provide more resources for
the construction and provision of nests, such as
floral resources, when compared to shaded habi-
tats, as observed in open areas. Concerning floral
resources, we frequently observed C. tarsata for-
aging on Byrsonima crassifolia (Malpighiaceae)
mainly in shrubby vegetations, which is in line
with other studies that recorded bees foraging for
oil and pollen on Byrsonima spp. (Mendes and
Régo 2007; Mello et al. 2013).
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Our results show that C. tarsata, in restinga
vegetation, acts as a bivoltine species with two
generations per year, each generation lasting ap-
proximately 2 months. Nests were found for only
5 months per year, in both years. Similar results
were found by Buschini and Wolff (2006) for
C. tarsata and by Martins et al. (2014) for
C. flavifrons . Aguiar and Gar6falo (2004) study-
ing C. tarsata nesting behavior in caatinga and
semi-deciduous vegetation observed some nests
diapausing after being established in mid-rainy
season (caatinga vegetation) or in mid-dry season
(semi-deciduous vegetation), both stressful pe-
riods. These authors suggested that C. tarsata
possibly spends stressful periods either as adults
or as prepupae in diapause to withstand harsh
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Table I. Nest architecture and bionomical characteristics of C. tarsata individuals in relation to restinga vegetation

types
Open areas Shrubby vegetations Secondary
vegetations
X £SD N X +£SD N X £SD N X df. P
Total brood cells 12.87+23.96 515 7.32+12.73 293 2.30+4.45 92 2146 1 <0.001
Nest length (cm) 5.95+1.33 85 5.43+1.54 60 4.48+1.05 17 6.69 1 <0.05
Cavity width (cm) 1.45+1.59 85 1.66£2.30 60 1.07+0.27 17 0.61 2 >0.05
Thickness of 0.77£0.004 85 0.78+0.01 60 0.79+0.017 17 5.66 1 <0.05
partition walls
(mm)
Thickness of the 0.82+0.063 85 0.79+0.026 60 0.82+0.024 17 0.11 2 >0.05
entrance walls
(mm)
Volume of cells 2.06+0.56 85 1.89+0.43 60 2.06+0.70 17 043 2 >005
(cm)
Total of individuals 13.04+1646 349 1435+19.13 188 3.31+5.10 48 4.84 1 <0.001
Total of males 827+11.18 224 947+11.58 138 2.31+3.56 30 7.75 1 <0.01
Total of females 477+6.17 125 4.11+£536 50 1.5+2.15 18 15.67 1 <0.001
Total of 1.32+£2.64 52 1.92+3.99 29  0.22+0.61 5 6.62 1 <0.01
Cleptoparasites
Total of dead 2.82+7.0 114 1.9+3.87 76 0.95+2.09 39 31.67 1 <0.001
immatures
Male wing length 9.71£0.75 12 9.61+0.72 12 9.83+0.86 9 048 2 >005
(mm)
Female wing length 9.94+0.53 12 9.94+0.60 12 10.0+0.68 8 008 2 >005
(mm)

N = total number, X + SD = mean + standard deviation

environmental conditions. In fact, evidence indi-
cates that diapause is the primary mechanism
through which the annual rhythm of insect life-
history phases are appropriately synchronized to
seasonal conditions and it is subjected to both
genetic and environmental influence (Tauber and
Tauber 1981; Faria and Gongalves 2013). Another
strategy may be taking shelter in unknown places,
as suggested by Pereira et al. (1999) and Ramos
et al. (2010). Adults of C. tarsata might diapause
in restinga vegetation during stressful periods, but
this remains yet to be investigated.

Regarding nest architecture, C. tarsata females
built thicker brood cells partition wall in second-
ary vegetations compared to open areas and
shrubby vegetations. This could be related to the
smaller amount of resources for nest building
(sand) in secondary vegetations, since its ground
is covered by a large amount of litter. However,

vegetation type did not influence the thickness of
entrance plug wall and we observed a layer of oil
outside of all nests entrance plug, which may be a
characteristic from subgenus Hemisiella to pro-
tect the nest (Pereira et al. 1999; Buschini and
Wolft 2006).

Sex ratio was male biased in secondary vege-
tation, but not in open areas and shrubby
vegetations. Aguiar and Martins (2002) and
Aguiar and Garofalo (2004) also reported a
male-biased sex ratio for C. tarsata. However,
Silva et al. (2001), Buschini and Wolff (2006)
and Mendes and Régo (2007) found a female-
biased sex ratio. According to Silva et al. (2001),
sex ratio is often variable and it is associated to the
abundance of resources available in the environ-
ment for females. Also, a lower number of emerg-
ing females might be caused by parasitism, as
parasites and cleptoparasites prefer female brood
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Table I1. Influence of vegetation and height on nesting features by C. farsata in restinga open areas, shrubby, and

secondary vegetations

Response variable Explanatory variable X2 d.f. P
Brood cells Vegetation 34.503 1 <0.001
Height 66.109 2 <0.05
Vegetation x height 87.237 2 <0.001
Dead immatures Vegetation 46.145 1 <0.05
Height 36.669 2 <0.001
Vegetation X height 82.519 2 <0.05
Total individuals Vegetation 0.191 1 >0.05
Height 42.019 2 >0.05
Vegetation x height 6.224 2 <0.05
Total males Vegetation 0411 1 >0.05
Height 2.598 1 >0.05
Vegetation x height 0.2507 2 >0.05
Total females Vegetation 1.901 1 >0.05
Height 1.626 1 >0.05
Vegetation x height 2.313 2 >0.05

cells, possibly due to higher nutritional quality of
food stored (Aguiar and Martins 2002; Buschini
and Wolff 2006).

Cleptoparasites observed in C. tarsata nests
were the cuckoo bees M. bicolor, Coelioxys sp.
and Anthidiini, and the dipterans Anthrax spl,
Anthrax sp2, which were also recorded in other
Brazilian biomes (Aguiar and Martins 2002;
Aguiar and Garofalo 2004; Buschini and
Wolff 2006). According to a study carried out
in small secondary forest remnants in Costa
Rica, parasitism rates tend to be high in the
understory due to the dominance of Centris,
which was observed nesting at a 2.0-m height
(Stangler et al. 2015). Here, the low parasitism
rate recorded in the understory may possibly be
due to the low number of nests founded. There-
fore, further studies are needed to elucidate the
parasitism of C. tarsata in restinga, mainly in
the understory and canopy.

The number of dead immatures was higher in
open areas, possibly due to a related high number
of nests and brood cells built. Moreover, climate
conditions, especially temperature, can reach ex-
treme values in open areas, potentially increasing
larvae and juvenile bee mortalities (Jesus and
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Gardfalo 2000; Aguiar and Gardfalo 2004;
Buschini and Wolff 2006).

In open areas, C. tarsata preferred to nest in
trapnests near the ground unlike in secondary
vegetations, where only one nest was built at this
height. This preference for lower heights in
restinga may be favored by proximity from nest-
building resources such as sand, and floral source
such as oil, nectar, and pollen. On the other hand,
for denser habitats such as secondary forests,
microclimatic conditions may be more favorable
for nesting at higher strata, which may explain our
results for secondary vegetation. Also, Mendes
and Régo (2007) observed that C. tarsata built
more nests in the canopy of eucalyptus (5 to 12 m
height) and mesophytic forest (12.0 m height)
compared to nests at 1.5 m height.

In restinga, rainfall is a determining factor
in C. tarsata nesting which was concentrated
in the dry season, mainly in open areas, where
we also recorded the greatest amount of brood
cells and highest nest length. In shrubby and
secondary vegetations, nesting seems to be
favored by specific climatic conditions present
in the understory and canopies especially in
the harsh dry season. Centris tarsata preferred
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to nest in the understory in secondary vegeta-
tions and open areas, however, further studies
on nesting behavior and exploitation of floral
resources in restinga are needed in order to
improve the management and maintenance of
related ecosystem functions and services.
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