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Abstract

We analyzed aspects of the community structure of Apoidea of a restricted area of dunes with restinga vegetation in
Salvador, Bahia, Brazil. Standardized samples were taken for one year, 3 times a month from 6:00 a.m. to 6:00 p.m. Atotal of
3983 individuals (3770 females and 213 males) of 49 species, grouped into 13 morpho-functional types and belonging to five
families, were collected from flowers in its majority. The fauna of Abaeté is composed by large solitary bees, best repre-
sented by Anthophoridae followed by Apidae; Halictidae; Megachilidae and Colletidae. Bees were active throughout the
year, with peaks of abundance in periods of low rainfall. Daily activity was greatest between 08:00 and 14:00 hours, when
relative humidity was lower and temperature higher. The abundance pattern and the richness were very similar to other
habitats in the Brazilian Northeast. Of the species sampled, 49% were represented by less than eight individuals. The six
most abundant species were represented by 84% of the total individuals collected. The availability of resources seems to be
the main factor regulating bee flight activity in Abaeté. The foraging activity was related positively to the intensity of
flowers in the field.

Key words: bee’s abundance; bee diversity; community structure, restinga and dunes, morpho-functional groups,
Northeast Brazil.

Resumo

Aspectos da estrutura da comunidade de Apoidea de uma &rea restrita de dunas com vegetagdo de restinga em
Salvador, Bahia, Brasil, foram analisados. Amostragens, com metodologia padronizada, foram realizadas durante 1 ano, 3
vezes por més, das 6:00h as 18:00h. Um total de 3983 individuos (3770 fémeas e 213 machos) de 49 espécies, agrupadas em
13 categorias morfo-funcionais, pertencentes a 5 familias, foram coletados nas flores. Em sua maioria, a fauna de Abaeté é
composta por abelhas solitérias de porte grande, cuja maior representatividade, tanto em espécies quanto em individuos, é
de Anthophoridae, seguida por Apidae; Halictidae; Megachilidae e Colletidae. As abelhas estiveram ativas durante todo o
ano, apresentando picos de abundéancia no periodo de menor precipitacdo pluviométrica. A atividade diaria foi maior entre
8:00h e 14:00h, compreendendo o periodo em que a umidade relativa decrescia e a temperatura aumentava. O padrdo de
abundancia e a riqueza foram bastante semelhantes ao de outros habitats no nordeste brasileiro. 49% das espécies amostradas
foram representadas por menos de 8 individuos e apenas 6 espécies predominaram, representando 84% do total de individuos
coletados. A disponibilidade de recursos parece ser o principal fator regulador da atividade de v6o das abelhas em Abaeté,
ao longo do ano. A atividade de forrageamento foi relacionada positivamente com a intensidade de flores no campo.

Palavras-chave: abundéancia, diversidade, estrutura de comunidades, restinga e dunas, grupos morfo-funcionais,
Nordeste brasileiro.
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Introduction

Until the mid sixties, all that was known of the Brazil-
ian melissofauna depended on the works done at the begin-
ning of the century by Ducke (e.g. 1902; 1906; 1908; 1910),
in Amazonas, Para, Maranhdo and Ceara. This only changed
when Sakagami et al. (1967) began collecting data with a
biocenotic focus, using a standardized methodology. Since
then more than 50 investigations on Apoidea communities
have been carried out in Brazil, providing valuable informa-
tion about the local diversity, relative abundance, preferen-
tial habitats and changes in the frequency of bee flower
visitors, in the investigated areas.

However, most (> 80%) of these studies are restricted
to the ecosystems of cerrado and forest regions in the south
and southeast of the country (Pinheiro-Machado et al. 2002).
The bee fauna of the coastal ecosystems, however, remained
practically unknown. Considering its vast geographical size,
the works done on these ecosystems are still both scarce
and localized (Gottsberger et al. 1988, Albuquerque 1998,
Alves dos Santos 1999, Silva & Martins 1999). This paucity
hinders a broader analysis of regional patterns.

Due to their location, these coastal ecosystems are
under accelerated fragmentation process caused by anthro-
pogenic activity. The environment of the dunes in particular
presents greatest fragility, because if the dunes are destroyed
or reduced as a result of a reduction in the vegetative cover
and removal of sand, the ecosystem can never be restored.

The work carried out on the plant-pollinator relation-
ship among the dunes of Maranh&o by Gottsberger et al. (1988)
emphasizes the importance of bees as pollen vectors in such
an environment. According to those authors, of ten plant spe-
cies present in the dunes, nine were melittophilous, and 18
bee species functioned as flower visitors and pollinators.

The Environmental Protection Area of the Lakes and
Dunes of Abaeté constitutes one of the more notable sites
in the belt of dunes that extends along the Atlantic coast of
Bahia towards the north and into Sergipe. It represents an
area of great biological relevance, given its high species
diversity. It is an exception to the usual sand dune areas
due to its high degree of plant endemism, since sand dunes,
as arule, present few endemism (Araujo & Lacerda, 1987).

This study was focused on a particular area of this
ecosystem, with the objective of augmenting knowledge on
the melissofauna of the Brazilian sand dune ecosystems,
seeking answers to the following questions: 1) Do the
Abaeté dunes have a bee fauna characteristic of and con-
vergent with the fauna of similar ecosystems? 2) What is
the structure of that fauna, concerning its composition and
abundance? 3) Is there a daily, seasonal and annual pattern
in the flight activity of bees in the dunes of Abaeté?

Material and methods
a) Study Area:

Samples were taken in an area of 8.2 hectares of dunes
located in the Area of Environmental Protection of the Lakes
and Dunes (Area de Protecio Ambiental de Lagos e Dunas)
of Abaeté, Salvador, Bahia, Brazil, at 38°21’W and 12°56°S.

According to the Koppen classification, the local cli-
mate is Af: hot and humid, without a dry season. The great-
est concentration of rainfall occurs from March through
August. The annual mean temperature is 25.3 °C and the
annual precipitation is 2100 mm. During most of the year,
the relative humidity remains above 70% and, in some
months, it is over 80%.

The vegetation covering the dunes of Abaeté repre-
sents a distinct type of sand dune vegetation, and was clas-
sified by Eiten (1968) as “Evergreen broadleaf open clumped
scrub”, i.e. atype of perennial bushy vegetation with broad
leaves forming thickets, whose structural likeness is clos-
est to those of the Amazonian flatlands (Morawetz 1983). It
is characteristically distributed and well delimited by thick-
ets that consist of one or more plant species, usually not
over three meters in height, thus forming ecological islands
(Ribasetal. 1994).

b) Samplings of the Bees:

Samplings were undertaken by two persons over a
12-month period (January to December 1996), three times a
month, at intervals of approximately 10 days, except for April,
during which rains impeded collection. The duration of each
sampling was 12 hours, from 6:00 a.m. to 6:00 p.m., totaling
840 hours (420 hours per collector).

The methodology for sampling the bees on the flow-
ers was that of sweeping with an entomological net, based
on the procedure described by Sakagami et al. (1967). In the
event that no bee was observed as the collector approached
the plant, the sweeping proceeded anyway. The maximum
time of collection at each plant in bloom was 10 minutes.

The individual bees collected were killed in ethyl ac-
etate and placed in glass flasks labeled with the following
information: place, date, time of day, plant species and re-
source. Later, in the laboratory, these data were transferred
to the label of each specimen.

The meteorological data for each day of collection
and the total monthly values were obtained from the meteo-
rological station at the Deputado Luis Eduardo Magalhaes
Airport, Salvador, Bahia.

c) ldentification of the morpho-functional
categories:

The collected bees were measured in terms of body
size with the aid of a caliper, and length of glossa using
amillimetric ruler.
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The body size of each bee, was considered to be the
total length of the body and the width of the thorax, and
was classified into five divisions:

-Large mass: total body length > 14.0 mm. Thorax
width > 6.0 mm.

-Medium robust mass: total body length 10.0 to 14.0
mm. Thorax width 4.0to 6.0 mm.

‘Medium thin mass: total body length 10.0 to 14.0
mm. Thorax width 3.0to 4.0 mm.

-Medium to small mass: total body length 7.0 to 10.0
mm. Thorax width 2.0 to 3.0 mm.

-Small mass: total body length no more than 7.0 mm.
Thorax width <2.0 mm.

In regard to the length of glossa, five categories were
also considered:

‘Very long: >12.0mm
-Long: 7.0t0 12.0 mm
-Intermediate: 3.0t0 6.9 mm
-Short: <3.0mm

-Short bilobate: <3.0 mm

These classifications were based on standards de-
fined by Roubik (1989) and Michener (2000).

The specimens were grouped into morpho-functional
categories, according to the following characteristics: a)
method of obtaining resource; b) specialties as: adaptations
for perforating the corolla and for oil-collection; ¢) method
of pollen uptake; d) method the pollen was being trans-
ported; €) body pilosity; f) length of glossa; and g) body
length and thorax width.

d) Data Analysis:

The indexes by Shannon-Wiener (H*): H’=-O pi. log,,
pi, where pi is the proportion of i species in the samples, and
Pielou (J°): J’= H’/H max, where H’max is the logarithm of
the total number of species in the samples (Ludwig &
Reynolds 1988) were applied for calculating the diversity of
species and the evenness, respectively.

The data set was organized by sampling effort in chro-
nological sequence thus obtaining the species accumula-
tion curve.

The representation of the frequency distribution of
the species classified according to the number of individu-
als was done by applying Preston’s methodology (1948 apud
Southwood & Henderson 2000), adjusted to the truncated
lognormal (Ludwig & Reynolds op. cit.).

Faunistic similarity was analyzed using Morisita’s
index (Krebs 1998), which considers the abundance values
of each species. The calculations are based on: C, = 2Sn,n,/
(I, +1) NN, where n andn, are respectively the numbers of
individuals of the same species in the samples; |, and I, are

the values of | of two samples, where li = Sn (n-1)/ N (N-1)
and N, and N, are the number of individuals of all of the
species in the two samples. This index varies from 0 (not
similar) to 1 (completely similar).

For the calculation of the predominant species of
Apoidea and the confidence limits, the Kato et al. method of
probability was used (1952 apud Laroca 1995). This tech-
nique consists of converting the frequencies into percent-
ages. In addition, the upper and lower confidence limits
were calculated by means of the probability of occurrence
method. In accordance with this analytic technique, spe-
cies were considered predominant when the lower confi-
dence limit was greater than the inverse of the number of
species multiplied by 100, or in other words, the percentage
to be expected in the event when there is no dominance.

To verify whether there was a significant annual varia-
tion in the meteorological data, and in the relative abun-
dance of the individuals of Apoidea the c?test was applied.

Most of the analyses were done using SPSS for Win-
dows and the SAS System.

Results

Inall, 3983 individuals were collected and these were
distributed among 49 species (including the morpho-spe-
cies), belonging to 23 genera of five families of Apoidea:
Colletidae, Halictidae, Megachilidae, Anthophoridae and
Apidae (sensu Michener 1965). The species of Apoidea were
grouped into 13 morph-functional categories (Table 1). In
most cases, categories agreed with taxonomy at the genus
level (Table I1).

Anthophoridae was the family best represented in
terms of number of species, morpho-functional categories
and individuals (26 spp, 5 mfc, 2373 individuals), followed
in decreasing order by Apidae (10 spp, 3 mfc, 1321 individu-
als), Halictidae (6 spp, 2 cmf, 159 individuals), Megachilidae
(5spp, 1 mfc, 105 individuals) and Colletidae (2 spp, 2 mfc,
25 individuals) (Table I1).

Regarding the number of species by morpho-func-
tional category, only two categories presented a number
larger than five species, CEnTRIDINI (14 spp) and XyLocora (6
spp). The other categories were represented by five or less
species (Table I1).

Six species predominated in the sampling:
Pseudoaugochloropsis pandora (Smith, 1853), Centris
(Centris) caxiensis Ducke, 1907, Centris (Centris) leprieuri
Spinola, 1841, Xylocopa (Neoxylocopa) cearensis Ducke,
1910, Apis mellifera Linnaeus, 1958 and Trigona spinipes
(Fabricius, 1793). Together, these species accounted for 84%
of the individual specimens and corresponded to five morph-
functional categories (Table I1).

The frequencies distributions of the species in
relation to their classes of abundance conform to
log-normality (Figure 1).
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Figure 1. Distribution of the frequencies of bee species in classes os octaves (equal log2), observed curve (ef. Preston, 1948), and adjusted to
lognormal (expected) (cf. Ludwig & Reynolds, 1988), in Abaeté, Salvador, Bahia State.
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Figure 2. Species-accumulation curve for the bee fauna of Abaeté, Salvador, Bahia from January to December 1996
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Figure 3. Relationship between biotic and abiotic factors and the number of individuals of Apoidea collected from January to December 1996,
in Abaeté, Salvador, Bahia. (A=Temperature; B=Relative humidity; C=Wind speed; D=Rainfall; E=Flowering intensity; F=Number of
individuals and of species of Apoidea).
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Figure 4. Daily activity of Apoidea individuals collected from flowers, in Abaeté, Salvador, Bahia State, from January to december 1996.
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Table | — Characteristics used in the classification of the morpho-functional categories of Apoidea, collected in the Abaeté dunes, Salvador,
Bahia State.
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Family Morpho-functional category Species Female Male Total
COLLETIDAE Chilicola Chilicola (Stenocelis) sp 1 2 0 2
Colletes Colletes petropolitanus Delatorre, 1896 23 0 23
Subtotal 25 0 25
HALICTIDAE Augochlorinini Augochlora sp 1 1 1 2
Augochlora sp 2 27 2 29
Augochloropsis callichroa (Cockerell, 1900) 10 4 14
Augochloropsis sp 1 1 0 1
Pseudaugochloropsis pandora ( Smith, 1853) 61 43 104
Dialictus Dialictus (Chloralictus) opacus Moure,1940 6 3 9
Subtotal 106 53 159
MEGACHILIDAE Dicranthidium/Pseudocentrum  Dicranthidium arenarium Ducke, 1907 0 1 1
Dicranthidium luciae Urban, 1992 45 37 82
Pseudocentrum (Pseudocentrum) sp 1 7 0 7
Pseudocentrum (Pseudocentrum) sp 2 6 8 14
Pseudocentrum (Pseudocentrum) sp 3 1 0 1
Subtotal 59 46 105
ANTHOPHORIDAE Centridini Centris (Centris) aenea Lepeletier, 1841 10 0 10
Centris (Centris) caxiensis Ducke, 1907 71 26 97
Centris (Centris) flavifrons Fabricius, 1775 19 0 19
Centris (Centris) leprieuri Spinola, 1841 191 21 212
Centris (Centris) nitens Lepeletier, 1841 3 1 4
Centris (Centris) spilopoda Moure, 1969 3 0 3
Centris (Hemisiella) tarsata Smith, 1874 7 0 7
Centris (Hemisiella) trigonoides Lepeletier, 1841 22 0 22
Centris (Paremisia) fuscata Lepeletier, 1841 4 0 4
Centris (Paremisia) pulchra Freitas et al 2003 24 7 31
Centris (Ptilopus) sponsa Smith, 1854 1 0 1
Centris (Xanthemisia) lutea Friese, 1899 2 4 6
Ceratinula Ceratinula sp 1 1 10 11
Ceratinula sp 2 25 0 25
Epicharis (Xanthepicharis) bicolor Smith, 1854 0 7 7
Epicharis (Xanthepicharis) nigrita Friese, 1900 28 1 29
Florilegus Florilegus similis Urban, 1970 1 0 1
Mesonychium/Mesoplia Mesonychium littoreum Moure, 1944 0 4 4
Mesoplia sp 1 1 4 5
Mesoplia sp 2 0 1 1
Xylocopa Xylocopa (Megaxylocopa) frontalis Olivier, 1789 26 0 26
Xylocopa (Neoxylocopa) cearensis Ducke, 1910 1732 28 1760
Xylocopa (Neoxylocopa) grisescens Lepeletier, 1841 3 0 3
Xylocopa (Neoxylocopa) nigrocincta Smith, 1854 28 0 28
Xylocopa (Schoenherria) prov. subcyanea Pérez, 1901 38 0 38
Xylocpa (Neoxylocopa) suspecta Moure & Camargo, 1988 19 0 19
Subtotal 2259 114 2373
APIDAE Outros Trigonini/Apis Apis mellifera Linnaeus, 1758 607 0 607
Frieseomellita doederlini (Friese, 1900) 3 0 3
Frieseomellita silvestri languida Moure, 1989 1 0 1
Trigonisca sp 1 1 0 1
Bombini/Euglossini Bombus morio (Swederus, 1787) 1 0 1
Euglossa cordata ( Linnaeus, 1758) 31 0 31
Eulaema meriana flavescens Friese, 1899 1 0 1
Eulaema nigrita Lepeletier, 1841 11 0 11
Euplusia mussitans Fabricius, 1787 5 0 5
Trigona Trigona spinipes (Fabricius, 1793) 660 0 660
Subtotal 1321 0 1321
TOTAL GERAL 3770 213 3983
Table 1l - Number of individuals per species of bee (Apoidea) collected in Abaeté, Salvador, Bahia State, from January to December 1996.
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Table I11- Annual cycle of the species of Apoidea collected in Abaeté, Salvador, Bahia State, from January to December 1996.
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Morisita's index

Location Species Genera
Maranhéo (2°29'S) - Paraiba
(7°3'S) 0,36 0,54
Paraiba (7°3'S) - Bahia
(1256'5) 0,47 0,58
5 (0090'QY :
Maranhdo (2°29'S) - Bahia 0.31 0.86

(12956'S)

Table IV- Similarity in the fauna between three dune and restinga ecosystems in the Northeast of Brazil.

There was a significant variation in the month-to-month
abundance of Apoidea (c?=43.8; g.I. = 11; p <0.001), indicat-
ing a tendency to seasonality. An seasonal distribution of bee
individuals was not observed among 21% (10) of the species
collected; that were active for 10 to 12 months (Table I11).

The majority of species were collected during a pe-
riod between one and six months (Table 111). This seasonal
tendency of species abundance can be also observed in the
species accumulation curve shown in Figure 2. Pearson
correlation (r=0.98) indicated a high relationship between
the cumulative number of species and sampling effort in
chronological sequence.

In general, the predominant species were active
throughout the sampling period (Table I11), except for Centris
(Centris) caxiensis, which was not collected in February.
There were variations in the monthly frequencies of these
species, including the eusocial species Apis mellifera and
Trigona spinipes, belonging to the family Apidae, that are
not seasonal.

Figure 3 shows the relationship between abiotic fac-
tors, intensity of flowering (number of flowers in the visited
plant species) and numbers of individuals of Apoidea col-
lected in Abaeté during the year. The total number of speci-
mens captured on each sampling day may be obtained by
summing up the numbers for all species of the respective
day in table 3

The minor variations observed in the temperature and
relative humidity throughout the year were non-significant
(c?=0.13,d.f.=11,p<0.99and c2=-0.23,d.f. =11 and p
<0.99, respectively).

Rainfall occurred throughout the year, but was more
abundant between April (354.0 mm) and June (170.6 mm)
and also in September (165.0 mm) and November (202.8 mm).

The availability of floral resources, as represented by
the intensity of the flowering, seems to be the main regulat-
ing factor in the flight activity of bees in Abaeté. The forag-
ing activity was directly related to the intensity of flowering
inthe field (r = 0.68; p <0.05).

Although flight activity of the bees in Abaeté was
not correlated with rainfall (r =-0.47; p>0.05), nor with wind
speed (r=-0.53,n=10; p > 0.05), Figure 3 shows that there
is atendency towards an inverse relationship between these
variables. The greatest number of specimens was collected
during the drier months and with lower wind speeds.

Although in general, bees presented an ample and
consistent activity throughout the day, they were most ac-
tive between 08:00 to 14:00 hours, with a peak between 08:00
and 10:00 hours, decreasing gradually after that until the
end of the afternoon (Figure 4). Although variations in the
temperature and relative humidity through the day were not
significant (c2=-0.38,9.l.=11,p<0.99andc?=1.21,g.l.=11
and p<0.99. respectively), the occurrence of small variations
seemed to influence the flight activities of the bees, since
they were more active during the hours in which the tem-
perature was higher and thus the humidity lower.

Discussion

How is bee fauna of Abaeté structured, in rela-
tion to its composition and abundance?
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The distribution of the abundance of the species
present in Abaeté fitted log-normality. This normal sym-
metrical bell-shaped curve is very common in ecological
data set (Preston 1948). It is based in the assumptions that
communities are composed of three classes of species: two
extremes of rarity and dominance and high frequency with
intermediate population size (MacArthur 1969).

A biological explanation for the canonical log normal
distribution of species was proposed by Sugihara (1980).
According to him there is a hierarchical multidimensional
niche structure in the community which is reflected in the
pattern of abundance. Sugihara’s sequential breakage model
as it is known provides an excellent working hypothesis for
the diversification of niches in ecological communities
(Magurran 1988).

Ecologists have been used the Sugihara’s (1980) log-
normal model of species diversity and abundance as a tool
to assess the ecosystem integrity. Among them Kevan et al.
(1997), in Canada, tested the effects of disruption of bee
pollinators’ guild of lowbush blueberry by application of
insecticide to nearby forest. Their results showed on both
spatial and temporal bases that fields unaffected by the
pesticide fitted well to the log-normal model of species di-
versity and abundance, whereas affected fields departed
from that pattern.

Our results show that the pattern of abundance of
bees’ species in Abaeté is consistent with the lognormal
distribution. Thus, according to the above hypothesis the
Abaeté sand dunes ecosystem is still conserved at least in
relation to bees’ community.

Comparing the Shannon-Wiener diversity indices (H’)
of Abaeté with similar ecosystems in Northeast of Brasil,
Abaeté (2.04) is placed between those ecosystems in
Maranhdo (1.99) and Paraiba (2.30). The equitability indices
of Pielou (J7) varied from a minimum of 0.51 in Bahia, to a
maximum of 0.64 in Paraiba. These values are very close to
those found for caatinga environments (2.21, Viana 1999),
which are considered to have a lower bee diversity. Several
factors influence the local patterns of diversity in biotic
communities (Rosenzweig 1999). In the coastal environments
of the northeast region, the poor availability of resources
combined to the high values of wind speed and light inten-
sity must be limiting the number of species that compose
the local bee associations.

As mentioned above, it has been observed as a gen-
eral characteristic in these ecosystems (dunes and beaches)
that there is a predominance of solitary bee species that
have large bodies and are long lived. Anthophoridae was
the family best represented in number of species, in all three
sites, representing 53% of the total number of species in
Bahia, 55% in Paraiba and 58% in Maranh&o. In these sites,
the majority of that family was composed of species of large
bees, capable of enduring the environmental stress, princi-
pally caused by the strong winds.

On beaches and dunes a total absence or a low fre-
quency of Meliponini species is observed, as is the case in
Abaeté, and those species present show a low frequency of
individuals. This fact can be attributed to the lack of appro-
priate places for nesting, as well as to the large areas with-
out vegetation and to the strong winds; these characteris-
tics act as limiting factors for this group of small bees. The
Meliponini collected in Abaeté might be considered spo-
radic visitors, brought by the wind and/or lost and originat-
ing from the neighbouring forest environments. The pres-
ence of highly social species, such as Apis mellifera and
Trigona spinipes, increased the Apidae abundance in the
dunes. Apis mellifera can nidify within a wide range of places,
and Trigona spinipes builds aerial nests. Nests of these
two species were not found in the study area, leading to the
conclusion that these species are attracted from outside to
the dunes.

For the other species that compose the bee fauna of
Abaeté, the nesting substrate does not appear to be a limit-
ing factor. Several nests either inhabited and/or in construc-
tion of many of the species found in the study area were
observed in the soil, as in the branches of Agaristha revoluta
(Ericaceae). Thus we can say that most of the species col-
lected are in fact residents of the dunes.

Are there daily, seasonal or annual patterns in
the flight activity of the bees in the Abaeté dunes?

The annual cycle of bee diversity in Abaeté indicate
a seasonal variation. The step-wise progression noted in
the cumulative species curve, arranged chronologically, in-
dicate that fauna change to some extent from season to
season. For some bees’ species the seasonal pattern was
quite similar to those described in other studies accom-
plished in the Neotropical region (Heithaus 1979, Roubik
1989, Pedro & Camargo 1991, Carvalho & Bego 1996), in
that the species are active year-round, with small variations
in some periods. But most do show seasonality. According
to Sakagami et al. (1967), the irregular appearance of certain
species over long periods makes it difficult to recognize
their seasonal pattern.

The peaks presented by Apis mellifera and Trigona
spinipes, for instance, are probably due to the concentra-
tion of these eusocial species during attractive blooms, since
these species are not particularly sensitive to variations in
abiotic factors. The total absence or drastic reduction in the
numbers of individuals of these bees could be associated
to the presence of attractive floral resources outside the
study area. Such a pattern related to the abundance of floral
resources has also been described by other authors
(Sakagami & Laroca 1971, Pedro & Camargo 1991).

Among the species of Centris, no particularly clear
pattern of seasonality was observed, as those reported by
Albuquerque (1998) in the dunes of Maranh&o. Centris
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(Centris) caxiensis and Centris (Centris) leprieuri presented
higher values of temporal diversity (H’O) than
Pseudaugochloropsis pandora and Apis mellifera, species
that present semisocial and eusocial behavior, respectively.

Individuals of Halictidae were active during the en-
tire year. The distribution of individuals of this family into
genera with differing levels of sociality, such as
Augochloropsis and Dialictus; probably influences their
pattern of abundance over the year.

More than 60% of the individuals of Colletes
petropolitanus were captured during October and No-
vember, thereby presenting a tendency to seasonality in
the Abaeté dunes.

The daily activity pattern of bees in Abaeté confirms
the findings for these environments by Gottsberger et al.
(1988) in Sédo Luis, Maranh&o. They observed that the fre-
quency of flower visiting decreased considerably toward
the end of the morning and in the afternoon.

Although flight activity was regulated through the
course of the year, the availability of floral resources did not
seem to be a determinant in the external activity of bees
during the day in Abaeté, because the most dominant and
visited species of plants remained in bloom during the whole
day, secreting nectar (F O Silva and B F Viana unpublished
data; C M Pigozzo and B F Viana unpublished data). This
was unlike the daily occurrence in the dunes of Maranhdo
(Albuquerque 1998), where most of the flowers were not
available to visitors in the afternoon.

Throughout the day, in Abaeté, wind speed reaching
values above 4 m/s seemed to have been an important limit-
ing factor for flight activity among many species of small
bees. Wind speed was also reported to exercise a strong
influence on the flight activity of Apoidea in the Baturité
region in Ceara State (Ducke 1910), in the rocky fields
(“campo rupestre™) of Serra do Cip6, Minas Gerais State
(Faria & Camargo 1996) and in the dunes of Sdo Luis do
Maranhéo (Albuguerque 1998).

Although wind interferes in the flight activity of in-
sects, some solitary bees continue to fly in very strong
winds (Linsley 1958). This fact was also observed in the
Abaeté dunes: even though they were sometimes blown
away from the flowers, species of Xylocopa and Centris
continued to forage, flying low and close to the ground.

Does the bee fauna of Abaeté have characteris-
tics convergent to those of similar ecosystems?

The Abaeté dunes house a bee fauna that includes
species of wide geographical distribution, as well as eight
morpho-species and a new species (recently described
by Moure et al. 2003).

Considering the richness of the bee fauna, this re-
gion is poor when compared to results of studies from east-
ern Brazil, on local forest communities (Wilms et al. 1997)
and in cerrado (Silveira & Campos 1995) and coastal eco-
systems in the southern part of Brazil (Zanella et al. 1998,
Alves dos Santos 1999), where over hundred species were
collected. On the other hand, Abaeté presents the same
order of magnitude as that observed in similar ecosystems
(beaches and dunes) (Albuquerque 1998, Silva & Martins
1999), and in caatinga areas in the northeast of Brazil (Aguiar
& Martins 1997, Viana 1999).

When our data is compared with that of other studies
on local dune communities (Maranhdo, 2°29°S; 44°18°W,
Albuquerque 1998), and restinga (Paraiba (7°3’S; 34°50’W;
Silva & Martins 1999), in which similar standardized meth-
odologies were employed and where the number of species
is also small, the degree of similarity between the three loca-
tions was found to be less than 0.5 (Table 1V). Since these
are faunas of physically similar environments, higher val-
ues were expected. It is probable that the local composition
of the bee fauna is not only influenced by neighboring habi-
tats and local variation of abiotic factors, but could also be
related to the composition of the flora, which varies consid-
erably between these areas.

When comparing the fauna at genus level (Table IV),
the similarity between the areas increases considerably, and
a convergence between the habitat types under analysis is
observed. In comparison with the dunes of Maranh&o and
the dunes of Bahia, the values rise to 0.86. In Abaeté, the
morpho-functional groups identified coincide with the taxo-
nomic categories of genus and family. These morpho-func-
tional categories form food guilds that include species char-
acterized by many similarities, including body size, social
structures, foraging strategy and taxonomy.

The functional group concept (Gitay & Noble 1995)
allied to that of ecological equivalents has been much utilized
in studies regarding ecological communities, operation of eco-
systems and identification of priorities for conservation
(Lawton & Brown 1994, Tilman & Downing 1994, Walker 1995).

In an analysis of the bee fauna of the dunes and
restinga of the Brazilian Northeast from the morpho-func-
tional perspective, the convergence between the faunas of
these environments becomes evident. The bees inhabiting
these areas present very similar demands for resources and
nesting sites. In these areas, solitary bees predominate; with
large bodies and capable of foraging under adverse abiotic
conditions (strong winds and high light intensity). It is
noteworthing the presence of ecological equivalents, such
as for instance, Xylocopa (Neoxylocopa) cearensis, in Ba-
hia and Xylocopa (Neoxylocopa) carbonaria Smith, 1854,
in Maranh&o, both predominant species in their locations
and with similar niches.
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Some general tendencies observed in the environ-
ments of dunes and restinga sandbanks in the northeast-
ern region lead to the conclusion that in these environ-
ments there is a structural pattern of functional types, abun-
dance, dominance and diversity with a notable similarity
between them. However, for a more extensive analysis, on a
regional level, as well as for confirmation of the tendencies
observed in this study, and the establishment of general
patterns, it will be necessary to carry out a greater number
of samplings, with standardized methodology, at varying
latitudes along the coast of northeast Brazil.
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