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ABSTRACT. We studied the community ecology of trap-nesting 
bees in two forest fragments of the state of São Paulo, Brazil, during 
two years, utilizing bamboo canes and tubes made of black card-
board as trap nests. The traps were inspected once a month with 
an otoscope. One hundred and fifteen nests were obtained at Es-
tação Ecológica de Paulo de Faria, Paulo de Faria (EEPF). These 
included nine species belonging to five genera and two families. 
At Santa Cecília Farm (SCF), 12 species belonging to seven gen-
era and three families built 392 nests. Natural enemies reared from 
nests of both areas included Hymenoptera, Diptera and Coleoptera. 
Species richness was similar between the areas but the communities 
differed considerably in species composition. The higher diversity 
found at EEPF was due to more even distribution of the species. No 
difference was observed between the numbers of nests built in each 
year in each area. Although the species richness was lower in the 
cool/dry season of both years at SCF, and in the first year at EEPF, 
the nesting frequencies did not differ between seasons for both the 
overall community but for each of the most abundant species. No 
annual fluctuation in the frequencies of nesting was observed. As 
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temperature and precipitation were not found to be significantly dif-
ferent between the two years of study in each area, we concluded 
that climatic stability resulted in population stability. 

Key words: Apoidea; solitary bees; community; species diversity; 
trap-nests; parasitism

INTRODUCTION

Biological inventories are basic tools for initial surveys of biological diversity, as 
well as for monitoring alterations of different components of this diversity, as a consequence 
of changes in environmental conditions, due to natural processes or due to human activi-
ties (Lewinsohn et al., 2001). Habitat fragmentation is considered to be one of the greatest 
threats to biological diversity (Davies et al., 2000), and due to increasing global habitat 
destruction, studies of species diversity are of vital importance for understanding biological 
communities and their conservation (Purvis and Hector, 2000). In studies made in Brazil 
with solitary bee species that nest in preexisting cavities, the use of trap-nests as a technique 
for sampling of species has provided important information not only on the occurrence of 
species in a habitat (Camillo et al., 1995; Garófalo, 2000; Morato and Campos, 2000; Viana 
et al., 2001; Aguiar and Martins, 2002; Alves-dos-Santos, 2003; Aguiar et al., 2005; Loyola 
and Matins, 2006; Buschini, 2006) but also on the nesting biology of those species (Garó-
falo et al., 1993; Pereira et al., 1999; Morato et al., 1999; Jesus and Garófalo, 2000; Alves-
dos-Santos et al., 2002; Gazola and Garófalo, 2003; Aguiar and Garófalo, 2004; Zillikens 
and Steiner, 2004; Camillo, 2005; Aguiar et al., 2006; Couto and Camillo, 2007). 

Data on communities of trap-nesting bees and wasps and their natural enemies have 
been used in research on habitat quality (Frankie et al., 1998; Tscharntke et al., 1998), the 
effects of habitat fragmentation and of landscape complexity on community composition and 
predatory-prey interactions (Morato and Campos, 2000; Morato, 2001; Steffan-Dewenter, 
2002; Kruess and Tscharntke, 2002; Klein et al., 2006; Tylianakis et al., 2006) and how urban 
environments can support such insects (Tommasi et al., 2004; Zanette et al., 2005).

Although Brazil has a very rich fauna of solitary bees and many studies with such 
bees have been made in the last years, there is still very little biological information avail-
able. We examined the species richness, diversity and abundance of cavity-nesting bees in 
two semidecidual forest fragments of the state of São Paulo, Estação Ecológica de Paulo 
de Faria (EEPF), Paulo de Faria, located in the northern region, and Santa Cecília Farm 
(SCF), Patrocínio Paulista, located in the northeastern region of the state. Both fragments 
are of great importance since they are considered the last remnants of the forest that origi-
nally covered the interior of the state. This is part of a larger study on communities of bees 
nesting in preexisting cavities in forest fragments of the State of São Paulo, Brazil.

Material and Methods

Areas of study

Trapping was done at the EEPF, in the municipality of Paulo de Faria, and SCF, in 
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the municipality of Patrocínio Paulista (20°46’S and 47°14’W), state of São Paulo. The 
EEPF (19°55’-19°58’S and 49°31’-49°32’W) is located along one of the banks of the Rio 
Grande, in the northern part of the state, with altitudes ranging from 400 to 495 m. Its 
435.73 ha are covered by a semideciduous forest. The local climate has two well-defined 
seasons, a cool and dry season extending from April to September, with the mean monthly 
temperature ranging from 19.8 to 31.7°C and precipitation from 0 to 63.5 mm, and a hot 
and wet season extending from October to March, with the mean monthly temperature 
ranging from 23.7 to 31.3°C and precipitation from 58.2 to 382.9 mm. The SCF (20°46’S 
and 47°61’W) is located in the northeast region of the state, with altitudes ranging from 
800 to 1040 m. The farm has an area of 96 ha, covered by a semideciduous forest sur-
rounded by cultivated land and/or pasture and by “cerrado” (savanna). Similar to EEPF, 
the local climate has a cool and dry season extending from April to September, with the 
mean monthly temperature ranging from 17.4 to 22.3°C and precipitation from 0.2 to 122.9 
mm, and a hot and wet season extending from October to March, with the mean monthly 
temperature ranging from 21.1 to 23.3°C and precipitation from 29.3 to 363.8 mm.

Methods

As described by Camillo et al. (1995), the trap-nests used consisted of hollow 
bamboo canes, which were cut so that a nodal septum closed one end of the cane. We 
also used black cardboard tubes, with one end closed with the same cardboard material. 
The bamboo canes had variable length and their internal diameter ranged from 0.4 to 2.9 
cm, although all sizes were not equally represented. The tubes were of three sizes (length 
x internal diameter): 8.5 x 0.8 cm (= large tubes), 8.5 x 0.7 cm (= medium tubes) and 
5.8 x 0.6 cm (= small tubes). These tubes were inserted into horizontal holes drilled into 
wooden plates (30.0 x 15.0 x 4.0 cm for small tubes and 30.0 x 15.0 x 7.0 cm for medium 
and large tubes). At EEPF, a total of 843 canes, eight plates containing 220 small tubes, 
two plates containing 80 medium tubes, and two plates containing 54 large tubes were 
placed along steel shelves put in a shed built in the study area. At SCF, two sampling 
sites were established: one in a farm shed and the other 260 m away, in the interior of the 
forest. At the farm shed, two plates containing 110 small tubes and two plates containing 
40 large tubes were hung on the external walls, and 616 canes, in bundles of 10-15 units, 
were placed along the wood structure of the roof. In the forest were placed four plates 
with 55 small tubes each, four plates with 40 large tubes each, and 160 canes. In order 
to protect the trap-nests from the sun and the rain, the canes were put into six PVC tubes 
with a length of 25 cm and a diameter of 10 cm, and each plate received a small cover of 
hard plastic. The PVC tubes and the plates were hung from trees and positioned 1.5-2.0 
m above the ground.

The trap-nests were inspected once a month from January 1998 to December 1999 
at EEPF, and from March 2000 to February 2002 at SCF. Each inspection was made with 
the aid of an otoscope. When traps contained completed nests, they were collected and 
replaced with empty ones. The traps occupied by females were marked and left at their 
original places. If completed, such nests were taken to the laboratory at the next inspec-
tion. In the laboratory, each trap-nest was introduced into a transparent glass or plastic 
tube, 4.0-5.0 cm longer than the trap, with one end closed with a cork. As adults emerged 
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into the glass/plastic tube, the trap was removed and the individuals were collected. The 
nests were kept at room temperature and observed daily until the adults emerged. A few 
days after the last emergence from any given nest occurred, the nest was opened and its 
contents analyzed. Cells and nests from which nothing emerged were also opened, and the 
cause and stage of mortality were recorded. Voucher specimens of bees are deposited in 
the Entomological Collection of the Departamento de Biologia da Faculdade de Filosofia, 
Ciências e Letras de Ribeirão Preto, University of São Paulo.

Statistical analysis

The number of nests was used as a measure of species abundance. Rarefaction 
analyses from a standardized number of nests were made to measure species richness us-
ing EcoSim (Gotelli and Entsminger, 2004). Using these data, we constructed rarefaction 
curves (Hulbert, 1971; Simberloff, 1972) using a Monte Carlo permutation method. To es-
timate the number of species for k nests, k nests were randomly withdrawn from the sam-
ple and the observed number of species was registered. That procedure was repeated 1000 
times. The rarefaction curves allowed comparing the species richness between the areas 
and between the seasons in the same area. Significant differences in the species richness 
between areas and seasons were based on the confidence intervals provided by EcoSim 
(Gotelli and Entsminger, 2004). To compare diversity between areas, diversity for each of 
them was calculated from the number of emerged individuals, using the Shannon-Wiener 
index. A posteriori statistical t-test (Hutcheson, 1970) was calculated to analyze the null 
hypothesis of no difference between the Shannon-Wiener values (Magurran, 2004). Spe-
cies evenness was estimated by means of Pielou’s index (J’) (Pielou, 1966). Sorensen’s 
index was calculated between areas to obtain an estimate of similarity in species com-
position (Ludwig and Reynolds, 1988), and the Morisita’s index was used to analyze the 
quantitative similarity between areas (Morisita, 1959) based on relative abundance of the 
nests. Natural enemies were excluded from analyses, as their diversity is partially depen-
dent on available host species.

Statistical tests follow Zar (1984) and were performed by using the statistical 
package SigmaStat for Windows (1994 - Jandel Corporation, San Rafael, CA, USA). The 
Mann-Whitney test and the Student t-test were utilized to compare the total number of 
nests built per year in each area, the number of nests built in each season, the frequencies 
of nesting per year in each area and in each season by the most abundant species, and the 
climatic conditions of the two areas. 

RESULTS

Abundance and species richness 

At EEPF, 330 individuals were reared from 115 trap-nests, representing two fami-
lies, Apidae and Megachilidae, five genera, Centris, Tetrapedia, Eufriesea, Euglossa, and 
Megachile, and nine species. The most abundant species were Centris analis (63 nests and 
135 individuals) and Centris tarsata (23 nests and 100 individuals) and the rare species 
(with one or two nests) accounted for four of the nine species (Table 1). At SCF, 916 indi-
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Species	 Year	 Number of nests by site	 Number of emerged individuals

		  EEPF	 SCF	 EEPF	 SCF

Apidae
   Centris analis (Fabricius)	 1st	   42	 147 (+1)	  95	 296 (+1)
	 2nd	   21	 130 (+2)	  40	 256 (+3)
   Centris tarsata Smith	 1st	     6	 8	  34	 28
	 2nd	   17	 1	  66	 9
   Centris sp	 2nd	     1		     4
   Centris labrosa 	 2nd	 	     1 (+4)		      3 (+8)
   Tetrapedia diversipes	 1st	     1	   38 (+1)	    4	   99 (+3)
	 2nd	     6	   59 (+3)	  29	 168 (+5)
   Tetrapedia rugulosa	 1st	 	 1		  1
	 2nd	 	      (1)		       (1)
   Tetrapedia curvitarsis	 1st	 	 1		  3
   Eufriesea surinamensis	 2nd	     2		     2	
   Eufriesea auriceps	 1st	     1		     5	
   Euglossa townsendi	 1st	     2		   15	
	 2nd	 	 1		  1
Megachilidae					   
   Megachile xanthoptera	 1st	     5		   13	
	 2nd	     2	     1 (+3)	    2	      1 (+6)
   Megachile sp	 1st	     7		   18	
	 2nd	     2		     3	
   Megachile (Pseudocentris) sp	 2nd	 	      (1)		       (3)
   Saranthidium marginatum	 2nd	 	      (1)		       (4)
   Anthodioctes megachiloides	 1st	 	      (2)		       (5)
	 2nd	 	      (2)		       (2)
Colletidae
   Colletes rufipes	 1st	 	 3		 3
	 2nd	 	 1		 7

Total		  115	   392 (+21)	 330	   875 (+41)

Table 1. Number of nests and emerged individuals of trap-nesting bee species at Estação Ecológica de Paulo de 
Faria (EEPF) and at Santa Cecília Farm (SCF) in two years of the study.

Numbers in parentheses correspond to nests established inside the forest at SCF.

viduals emerged from 392 nests established at the farm shed and 21 nests were established 
inside the forest. The individuals belong to three families, Apidae, Megachilidae and Col-
letidae, seven genera, Centris, Tetrapedia, Euglossa, Megachile, Anthodioctes, Colletes, 
and Saranthidium, and 12 species. The most abundant species were C. analis (280 nests 
and 556 individuals) and Tetrapedia diversipes (101 nests and 275 individuals; Table 1).

Although species of the genera Centris and Megachile have been found in both 
sites, we only found Centris sp and Megachile sp in EEPF. Among the 12 species sampled 
at SCF, six species occurred exclusively in that area and three were found only inside the 
forest (Table 1).

In addition to the nine bee species nesting at EEPF, individuals of seven parasite 
species were also reared from the nests. These species belong to the Megachilidae (three 
species) and Apidae (two species, Hymenoptera, Apoidea), Leucospidae (one species, Hy-
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Host species	 Natural enemies and areas of occurrence

Apidae
   Centris analis	 Coelioxys aff. uhleri (Hymenoptera: Megachilidae) (EEPF and SCF);
	 Coelioxys (Cyrtocoelioxys) sp (Hymenoptera: Megachilidae) (SCF);
	 Leucospis cayennensis (Hymenoptera: Leucospidae) (EEPF and SCF);
	 Anthrax macquarti (Diptera: Bombyliidae) (SCF);
	 Nemognatha sp (Coleoptera: Meloidae) (SCF);
	 Leucospis sp (Hymenoptera: Leucospidae) (SCF);
	 Anthrax sp (Diptera: Bombyliidae) (SCF);
	 Coelioxys sp (Hymenoptera: Megachilidae) (SCF)
   Centris tarsata	 Coelioxys (Cyrtocoelioxys) sp (SCF);
	 Mesocheira bicolor (Hymenoptera: Apidae) (EEPF and SCF);
	 Coelioxys aff. uhleri (EEPF);
	 Anthrax oedipus (Diptera: Bombyliidae) (EEPF)
   Tetrapedia diversipes	 Leucospis cayennensis (SCF);
	 Anthrax oedipus (SCF);
	 Coelioxoides exulans (Hymenoptera: Megachilidae) (SCF);
	 Anthrax aquilus (Diptera: Bombyliidae) (SCF);
	 Anthrax hylaios (Diptera: Bombyliidae) (SCF);
	 Coelioxoides waltheriae (Hymenoptera: Megachilidae) (SCF)
   Tetrapedia rugulosa	 Anthrax oedipus (SCF)
   Tetrapedia curvitarsis	 Leucospis cayennensis (SCF)
   Tetrapedia sp	 Coelioxoides waltheriae (SCF)
   Eufriesea sp	 Exaerete dentata (Hymenoptera: Apidae) (EEPF)
   Euglossa sp	 Hoplostelis bilineolata (Hymenoptera: Megachilidae) (EEPF)
   Centris sp	 Coelioxys aff. uhleri (SCF);
	 Coelioxys (Cyrtocoelioxys) sp (EEPF)
Megachilidae
   Megachile xanthoptera	 Leucospis sp (SCF);
	 Coelioxys spatuliventer (Hymenoptera: Megachilidae) (EEPF);
	 Anthrax sp (SCF)
   Unknown hosts*	 Leucospis cayennensis (SCF);
	 Anthrax oedipus (SCF)

Table 2. Natural enemies of trap-nesting bees at Estação Ecológica de Paulo de Faria (EEPF) and at Santa 
Cecília Farm (SCF) during two years of study.

menoptera, Chalcidoidea), and Bombyliidae (one species, Diptera). Only Coelioxys aff. 
uhleri was associated with more than one host species (C. analis and C. tarsata), and C. 
tarsata was the host species attacked by the largest number of natural enemies (three spe-
cies). At SCF, 13 species of natural enemies were found associated with eight host spe-
cies. Anthrax (Diptera, Bombyliidae) and Coelioxys (Hymenoptera, Megachilidae) were 
the genera with the highest number of host species, and C. analis and T. diversipes were 
the host species attacked by the highest number of natural enemies, eight and six, respec-
tively (Table 2). 

Rarefaction analysis showed that the species richness were similar in the areas. At 
EEPF, the richness standardized for N = 115 nests was nine species (9-9, 95% confidence 
interval) and at SCF, the richness was 7.6 species (5-10, 95% confidence interval; Figure 
1). The Shannon-Wiener index revealed a higher diversity for EEPF (H’ = 1.56) than that 
observed for SCF (H’ = 1.05, t = 8.2; p < 0.05). Similarly, the species evenness at EEPF (J’ 
= 0.71) was higher than that observed at SCF (J’ = 0.42). In relation to presence-absence 

*Were not identified because all brood cells had been parasitized.
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Figure 1. Rarefaction curves of trap-nests occupied by bee species at Estação Ecológica de Paulo de Faria (EEPF), 
Paulo de Faria, SP, from January 1998 to December 1999, and Santa Cecília Farm (SCF), Patrocínio Paulista, SP, 
from March 2000 to February 2002. Continuous line = EEPF; Dashed line = SCF.

of species in the two areas, Sorensen’s index showed a similarity smaller than 50% (SS 
= 0.48) while Morisita’s index, based on relative abundance of the nests, revealed a high 
similarity between the areas (CH = 0.89).

Comparison between years

Among the 115 nests established by nine species at EEPF, 64 nests were con-
structed by seven species in the first year and 51 nests were constructed by seven species 
in the second year. No significant difference was observed between the total number of 
nests made in the first and second years (Mann-Whitney test; Z = 0.26; P = 0.792) or be-
tween the frequencies of nesting by C. analis in each year (Mann-Whitney test; Z = 0.94; 
P = 0.344). Although the number of species was similar for the two years, E. auriceps and 
E. townsendi only nested the first year while Centris sp and E. surinamensis were only 
sampled in the second year (Table 1). At SCF, of the 413 nests collected, 202 nests were 
made in the first year and 211 nests were established in the second year; these frequen-
cies were not significantly different (Mann-Whitney test; Z = 0.05; P = 0.953). Of the 12 
species that occupied the traps, seven species were sampled in both years and the five 
remaining species were only found in the second year (Table 1). The frequencies of nest-
ing by C. analis and T. diversipes observed in each year were not significantly different 
(Mann-Whitney tests; Z = -0.28; P = 0.772 and Z = -0.61; P = 0.540, respectively). Spe-
cies accumulation curves show that at EEPF the species accumulation was faster than at 
SCF in the first year, but subsequently more species nested at SCF (Figure 2). 
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Comparison between seasons

At EEPF, the hot/wet and cool/dry seasons had significantly different precipitation 
in both years (Mann-Whitney tests; Z = 2.88; P = 0.003 and Z = 2.72; P = 0.006, for the 
first and second years, respectively) while the temperature was similar in the two seasons 
during the second year (Mann-Whitney test; Z = 0.96; P = 0.336) but significantly differ-
ent between them in the first season (Mann-Whitney test; Z = 2.72; P = 0.006). These two 
climatic variables were similar in the hot/wet season of the two years (t = 0.70; p = 0.500 
and t = 0.86; p = 0.410, for temperature and precipitation, respectively) as well as in the 
cool/dry seasons (t = -1.19; p = 0.262 and t = 0.73; p = 0.478, for temperature and precipi-
tation, respectively). In the first year, the standardized richness by rarefaction for 28 nests 
was higher (seven species) for the hot/wet season (7-7, 95% confidence interval) than 
that found (2.9 species) for the cool/dry season (3-3, 95% confidence interval; Figure 3). 
In the second year, however, the standardized richness for 23 nests was similar between 
the seasons: five species (5-5, 95% confidence interval) for the hot/wet season and 5.7 
species (5-6, 95% confidence interval) for the cool/dry season (Figure 4). No significant 
difference between the number of nests built in each season in both years was observed (t 
= 0.29; P = 0.77, for hot/wet and cool/dry seasons of the first year, and t = 0.25; P = 0.802, 
for those seasons in the second year). 

Figure 2. Cumulative number of bee species that nested in the traps at Estação Ecológica de Paulo de Faria (EEPF), 
Paulo de Faria, SP, from January 1998 to December 1999, and Santa Cecília Farm (SCF), Patrocínio Paulista, SP, 
from March 2000 to February 2002.
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Figure 3. Nest-based rarefaction curves for the hot/wet and cool/dry seasons of the first year of study at Estação 
Ecológica de Paulo de Faria, Paulo de Faria, SP. Comparisons were made for 28 nests, 95% confidence interval. 
Continuous line = hot/wet season; Dashed line = cool/dry season.

Figure 4. Nest-based rarefaction curves for the hot/wet and cool/dry seasons of the second year of study at Estação 
Ecológica de Paulo de Faria, Paulo de Faria, SP. Comparisons were made for 23 nests, 95% confidence interval. 
Continuous line = hot/wet season; Dashed line = cool/dry season.
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The highest frequencies of nesting during the cool/dry season occurred in April in 
both years. During the hot/wet season, January and March in the first year and March and 
October in the second year were the months with the highest number of nests built. The 
nesting activities of C. analis, the most abundant species, did not differ between the hot/
wet and cool/dry seasons of the first year (Mann-Whitney test; Z = 0.82; P = 0.410), or the 
second year (Mann-Whitney test; Z = 0.35; P = 0.720) (Figure 5).

Figure 5. Number of nests constructed by Centris analis and by other species from January 1998 to December 1999 
at Estação Ecológica de Paulo de Faria, Paulo de Faria, SP. 

At SCF, the hot/wet and cool/dry seasons differed significantly in the values of 
temperature and precipitation, in both years (Mann-Whitney tests; Z = 2.72; P = 0.006 
and Z = 2.88; P = 0.0003, for precipitation in the first and second years, respectively; Z = 
2.88; P = 0.0003 and Z = 2.41; P = 0.001, for temperature in the first and second years, re-
spectively). The temperatures were similar in the cool/dry seasons of each year (t = -0.49; 
p = 0.629) as well as in the hot/wet seasons (t = 0.26; p = 0.788). Although no signifi-
cant difference in precipitation was observed between the cool/dry seasons of each year 
(t = -0.03; p = 0.975), it was significant higher in the hot/wet season of the second year 
than during the same season in the first year (t = -2.29; p = 0.045). Bee species richness 
obtained by rarefaction for 90 nests, in the first year, and 100 nests, in the second year, 
was significantly lower during the cool/dry season of both years (3.9 species, 4-4, and 
5.8 species, 5-6, 95% confidence interval for both cases, for the first and second years, 
respectively) than that found for the hot/wet season (5.8 species, 5-6, and 7.7 species, 
6-8, 95% confidence interval for both cases, for the first and second years, respectively; 
Figures 6, 7). 
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Figure 6. Nest-based rarefaction curves for the hot/wet and cool/dry seasons of the first year of study at Santa 
Cecília Farm, Patrocínio Paulista, SP. Comparisons were made for 90 nests, 95% confidence interval. Continuous 
line = hot/wet season; Dashed line = cool/dry season.

Figure 7. Nest-based rarefaction curves for the hot/wet and cool/dry seasons of the second year of study at Santa 
Cecília Farm, Patrocínio Paulista, SP. Comparisons were made for 100 nests, 95% confidence interval. Continuous 
line = hot/wet season; Dashed line = cool/dry season.
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Nesting construction occurred throughout the study, except for March and July 2000, 
when no nests were built. In the cool/dry seasons the highest frequencies of nesting occurred in 
August 2000 and May 2001, while in the hot/wet seasons the peaks of nesting were observed in 
February 2001 and December 2001 (Figure 8). No significant difference was observed between 
the number of nests made during the hot/wet and cool/dry seasons of each year (Mann-Whitney 
tests; Z = -0.72; P = 0.467, for the first year, and Z = -0.05; P = 0.952, for the second year), be-
tween the total number of nests made during the cool/dry seasons of both years (92 and 96 nests 
in the first and the second years, respectively, Mann-Whitney test; Z = 0.16; p = 0.871) as well 
as during the hot/wet seasons of both years (110 and 115 nests in the first and the second years, 
respectively, t = -0.27; p = 0.788). The two most abundant species, C. analis and T. diversipes, 
showed similar frequencies of nesting in each season of the year (Mann-Whitney tests; Z = 
0.08; P = 0.935 and Z = 1.36; P = 0.172, for C. analis for the first and second years, respectively; 
Z = 0.40; P = 0.682 and Z = -0.16; P = 0.870, for T. diversipes for the first and second years, 
respectively). The nesting peaks of these species occurred in different months with a higher oc-
cupation of traps by C. analis in August 2000, February 2001, April 2001, and December 2001 
while T. diversipes used the traps more frequently in July 2000 and May 2001 (Figure 8).

DISCUSSION

The finding of most species with few nests and few species with many nests was 
observed in both collecting areas. Similar results were found in studies made in other for-
est fragments of the state of São Paulo (Camillo et al., 1995; Garófalo, 2000) as well as in 
habitats of other Brazilian states (Morato and Campos, 2000; Viana et al., 2001; Aguiar et al., 
2005; Buschini, 2006), indicating that such differences in species abundance are shared by all 
communities. Comparisons of species richness obtained in studies made with trap-nests from 

Figure 8. Number of nests constructed by Centris analis, Tetrapedia diversipes and by other species from March 
2000 to February 2002 at Santa Cecília Farm, Patrocínio Paulista, SP.
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different places may be complicated because of the differences in sampling methodology, 
types and arrangement of traps in the study area, availability of natural preexisting cavities, 
and sampling periods (Aguiar et al., 2005). 

Although the communities that we studied had similar species richness, evidenced 
by rarefaction analysis, species accumulation curves showed notable differences between the 
areas during the two years of study. The curves for both communities appeared to be no satu-
rated, and the observed tendencies suggest that an increase in the duration of the study could 
result in the sampling of other species at SCF faster than at EEPF. Comparing the results of 
our study to those obtained from other forest fragments of the state of São Paulo, the sam-
pling methodology was the same (Camillo et al., 1995; Garófalo, 2000); consequently, we can 
conclude that EEPF and SCF are among the most species-poor communities since the lowest 
number of species occupying traps occurred at EEPF and the number of species at SCF was 
only higher than that observed at Estação Ecológica de Jataí, Luis Antonio (n = 11 species). 

Irrespective of the similarity in species richness, these communities differ strongly 
in species composition. Besides having been sampled only at EEPF, E. surinamensis, Centris 
sp and Megachile sp did not occupy traps in any other forest fragment studied in São Paulo 
state (Camillo et al., 1995; Garófalo, 2000). Similarly, Megachile (Pseudocentris) sp and S. 
marginatum occurred only at SCF. Of the eight species with low frequency of nesting, those 
building from one to nine nests, C. labrosa, T. rugulosa, and T. curvitarsis, were very well 
represented in the Serra do Japi, in Jundiaí, and in two habitats of the Santa Carlota Farm, in 
Cajuru, while the five remaining ones also occurred at low frequencies in other habitats (Ca-
millo et al., 1995; Garófalo, 2000). On the other hand, C. analis, C. tarsata and T. diversipes, 
the most abundant species at EEPF and SCF, were sampled in all other studies made in forest 
fragments of the state of São Paulo, with the frequency of nesting by C. analis being always 
higher than that of C. tarsata, as we also observed in this study. 

The significantly lower Shannon-Wiener diversity value obtained for SCF was a sur-
prising result because of the great difference between the numbers of emerged individuals in 
both communities besides the finding of a larger number of species nesting there. However, as 
the Shannon-Wiener index takes into account species richness and species evenness values, the 
smaller the value of evenness, the smaller the diversity value (Krebs, 1989). So, since the species 
richness values were similar for these two communities, the distribution of emerged individuals 
by species at SCF was the factor that determined the value of the diversity for that community. 

Most studies made in Brazil have shown that Centris species are usually those that 
nest at highest frequency in trap-nests (Camillo et al., 1995; Garófalo, 2000; Morato and 
Campos, 2000; Viana et al., 2001; Aguiar and Martins, 2002; Buschini, 2006). This pattern of 
occupation of traps was also observed in this study; but some exceptions have been found. In 
two studies carried out in forest urban remnants, one at the Estação Ecológica da Universidade 
Federal de Minas Gerais, Belo Horizonte, MG (Loyola and Martins, 2006), and the other on 
the campus of the University of São Paulo, SP (Alves-dos-Santos, 2003), Anthodioctes mega-
chiloides (Megachilidae) was the most abundant species, followed by C. tarsata, in the first 
case, and T. diversipes, in the second case. The absence of A. megachiloides at EEPF and the 
few nests established at SCF may reinforce the suggestion by Loyola and Martins (2006) that 
the forest urban remnants should be preserved because they can be refuges for some species.

Fluctuations in annual frequencies and occurrence of seasonality in insects are popu-
lation characteristics related to climatic factors and resource availability (Young, 1982; No-
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votny and Basset, 1998; Tommasi et al., 2004; Oertli et al., 2005) and have been reported by 
several authors (Camillo et al., 1995; Frankie et al., 1993, 1998; Morato et al., 1999; Pereira et 
al., 1999; Viana et al., 2001; Gazola and Garófalo, 2003; Aguiar and Garófalo, 2004; Aguiar 
et al., 2005; Thiele, 2005) working with trap-nests. Frankie et al. (1998) suggested that an-
nual fluctuations are a normal characteristic of cavity-nesting bee species, and that different 
species would be affected differently by climatic changes between years. Although species 
richness was lower in the cool/dry season during both years at SCF, and in the first year at 
EEPF, and higher in the hot/wet seasons, the frequencies of nesting did not differ significantly 
between seasons, not only for the overall community but also for each of the most abundant 
species, C. analis, in both communities, and T. diversipes for SCF. This differs from what was 
reported from various studies (Camillo et al., 1995; Morato et al., 1999; Pereira et al., 1999; 
Gazola and Garófalo, 2003; Aguiar et al., 2005; Thiele, 2005) that found a strong relationship 
between nesting frequency and rainfall. No annual fluctuations in the frequencies of nesting 
in both communities and for each of the most abundant species, C. analis and T. diversipes, 
were observed. As the two environmental variables, temperature and precipitation, were not 
significantly different between the two years of study in each area, we conclude that climatic 
stability resulted in population stability. 

Natural enemies attacking the immatures or stored food of trap-nesting bee species in 
Brazil have been reported in various studies (Pereira et al., 1999; Jesus and Garófalo, 2000; Aguiar 
and Martins, 2002; Alves-dos-Santos, 2003; Gazola and Garófalo, 2003; Aguiar and Garófalo, 
2004; Aguiar et al., 2006); in most cases, these enemies belong to the same families and genera as 
those we found in this study. However, a lack of taxonomic knowledge on these insects has made 
it difficult to do comparative analyses. Of the 17 species of natural enemies associated with the bee 
species nesting in the two areas, only M. bicolor, C. aff. uhleri, L. cayennensis, C. (Cyrtocoelioxys) 
sp, and A. oedipus occurred both at EEPF and at SCF. These species attacked the same host species 
in both areas as well as different host species in different areas. Of the 12 remaining species, three 
occurred only at EEPF and the others were present only at SCF. The most abundant host species 
were those that had a higher number of natural enemies associated. 
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