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ABSTRACT

With uncontrolled deforestation, forest fragments remain, which in most cases are in different stages
of regeneration and present isolated populations. In the present study we analyzed the genetic pat-
terns of Eulaema nigrita populations in seven Atlantic Forest fragments of different sizes and suc-
cessional stages in the region of Viçosa, MG. This was done by RAPD molecular markers. We ob-
served that the area of the fragments had no effect on the genetic variability of E. nigrita in the di-
rection predicted by meta-population models. Medium-sized well-preserved woods presented the lowest
variability, whereas large and small woods were statistically identical. The evidence supports the notion
that rural areas present greater dispersal among fragments, implying greater similarity between the
populations of fragments located in rural areas when compared to fragments in urban areas.
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RESUMO

Genética de abelhas Euglossini (Hymenoptera) em fragmentos de
Mata Atlântica da região de Viçosa, MG

Com o desmatamento descontrolado das florestas há a formação de fragmentos de mata que, na maioria
das vezes, se encontram em distintos estágios de regeneração, mantendo populações isoladas. Neste
trabalho foi feita a análise dos padrões genéticos de populações de Eulaema nigrita de fragmentos
de mata Atlântica de diferentes tamanhos e estágios sucessionais por meio de marcadores moleculares
RAPD da região de Viçosa, MG.  Pode-se verificar que a área dos fragmentos não apresentou efeito
sobre a variabilidade genética em E. nigrita na direção predita pelos modelos de metapopulação. Uma
mata de tamanho médio e bem preservada apresentou a menor variabilidade, enquanto matas grandes
e pequenas foram estatisticamente iguais. As evidências sustentam que áreas rurais apresentam maior
dispersão entre fragmentos, implicando maior similaridade entre as populações de fragmentos
localizados em áreas rurais se comparados com fragmentos nas áreas urbanizadas.

Palavras-chave: Euglossini, fragmentos de mata, estrutura genética, RAPD.

INTRODUCTION

A large part, comprising the entire Zona da
Mata Mineira, of Minas Gerais State was covered
with Atlantic forest up to the first half of the last
century (Valverde, 1958). In the forest zone, the
remains of the Atlantic Forest suffered a marked

process of fragmentation as a consequence of
expanded livestock breeding and coffee cultivation,
in addition to the development of the lumber industry
in the 1930s and 1940s. In the 1960s, the agricultural
and livestock breeding activity in the forest zone
allowed the gradual recovery of the forest cover.
However, this has now been reduced to 8% of its
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original area (Couto & Dietz, 1980). What remains
is a set of forest fragments, in different regeneration
stages that maintain isolated populations. These
fragments for the most part measure from 2 to 10
ha in the region of Viçosa, MG, with only 4 fragments
larger than 90 ha being left (as determined by aerial
photography, CEMIG, 1987).

The reduction in population size due to habitat
fragmentation can lead to reduced intrapopulation
genetic variability. Increased inbreeding has been
suggested as a possible reason for decreased
resistance to disease, to an increase in genetically-
based diseases (Shaffer, 1981; Soulé & Simberloff,
1986; Avise, 1992), or to decreased adaptability in
components of populations when there are adaptive
advantages for heterozygous organisms (Lacy, 1992).

 Euglossinae bees are considered important
pollinators of a variety of tropical species, especially
orchids (Dressler, 1982; Roubik, 1991). In view of
the fact that these bees can easily be collected (Cam-
pos et al., 1989) and are intimately related to the
plants they visit, these species have been suggested
as indicators of the conditions prevailing in forest
fragments and have been used in the study of forest
fragmentation (Powell & Powell, 1987; Becker et
al., 1991; Morato et al., 1992). Among these bees,
Eulaema nigrita is a common species throughout
most of Brazil, frequenting both open areas and forest
fragment borders. It is a solitary species, large in
size within the group, and has an apparently high
ability to disperse.

The development of molecular marker
techniques has led to a new phase in biodiversity
study, demonstrating high potential for assessing
the habitat fragmentation effect on the genetic
structure of populations. Because of its ease in being
carried out and the small amount of material required,
the random amplified polymorphic DNA technique
(RAPD) has been recommended by several authors
and used in numerous studies (Landry et al., 1993;
Shoemaker et al., 1994; Lu & Rank, 1996; Suazo
et al., 1998; Vasconcelos, 1998; Waldschmidt et al.,
2000; Tavares et al., 2001; Almeida, 2002;
Waldschmidt et al., 2002).

The objective of the present study was to
analyze the genetic patterns of Eulaema nigrita by
means of RAPD markers obtained for populations
collected in a urbanized area (the campus of the Uni-
versidade Federal de Viçosa) and in a typical ru-
ral area in the same general region.

MATERIAL AND METHODS

Characterization and location of the study areas
The study was conducted in forest fragments

in the region of Viçosa, MG. The main fragments
are located around the center for the Study of Natural
Forests, also called Paradise Wood (20º45’S,
42º51’W) and inside the campus of the Universi-
dade Federal de Viçosa. The regional topology is
strongly undulated, with altitudes ranging from 700
to 870 meters and declivity of 0º to 60º.

The climate is of the CWA type (Köppen), i.e.,
moderately subtropical and humid, with a dry period
from May to September and a rainy period from
December to March. Mean annual rainfall is 1,500
to 2,000 mm, relative humidity is about 80%, and
mean annual temperature ranges from a maximum
of 26.1ºC to a minimum of 14.0ºC (Valverde, 1958).

Most of the fragments in the region result from
secondary regeneration in areas that were periodically
deforested as a result of coffee culture in the 1930
and 1940 decades. Many of these areas later started
a progressive process of secondary regeneration,
especially the Paraíso Wood. This natural regeneration
process formed mosaics of vegetation that may
represent different successional stages varying in
complexity from brush to denser forests.

The sampled areas were forest fragments,
which had suffered some type of perturbation and
were in the process of secondary succession.

The largest wooded areas are Paraíso, Bio-
logia, and Veterinária (Table 1). These fragments
are within the UFV campus where they have been
protected for at least 60 years, thus presenting better
conservation. With respect to the pattern of area
distribution of the fragments found in the region,
Paraíso is the only large wooded area. Only one other
fragment has a larger area in this region (São Geraldo
Wood). The Biologia and Veterinária fragments are
considered to be medium sized and the others are
considered to be small. Most of the fragments in
the Viçosa area are from 2 to 10 ha.

Specimen capture and conservation
To capture the specimens we used traps

distributed approximately 2 m from one another and
at least 30 m from the border of the wood,
preferentially located in the middle of the fragment.
The traps contained cineole as an attractant scent
and were collected after 24 hours.
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DNA extraction and amplification
Genomic DNA was extracted according to

Waldschmidt et al. (1997) and amplified by PCR-
RAPD according to Williams et al. (1990). The
reaction products were separated by electrophoresis
on 1.2% agarose gel containing 10 µg/ml ethidium
bromide immersed in TBE buffer (90 mM Tris-
borate, 1 mM EDTA, pH 8.0). The DNA bands were
visualized under ultraviolet light and photographed
with a polaroid camera.

Data analysis
Genetic distance within a population and

between populations was determined by the genetic
distance of Nei & Li (1979) using the following
formula (eq. 1):

cb2a

2a
SNL

++
=

in which: a = number of bands present in the
two compared samples (1,1); b = number of bands
present in the first sample and absent in the second
(1,0); and c = number of bands absent in the first
sample and present in the second (0,1).

For grouping analysis we used the method of
paired means (UPGMA) according to Manly (1994).

To test the hypothesis of genetic diversity
among the populations studied we calculated the
proportion of polymorphic bands (bands that
presented variation in at least one individual
sampled). To permit an appropriate statistical
analysis, we used the jackknife procedure to estimate
the proportion of polymorphic bands and their
variance (Quenouille, 1956; Efron, 1981; Manly,
1991).

RESULTS AND DISCUSSION

We selected ten primers (OPB-06; OPB-19;
OPE-14; OPL-17; OPM-09; OPM-13; OPN-20;
OPP-06; OPQ-17; OPT-12) that produced 62
polymorphic bands.

Fig. 1 presents the individuals from a large
fragment (Paraíso Wood) and from two small
fragments (Vila Paraíso and Palmital Woods), which
are close to one another in the rural zone. This
comparison precludes establishing a pattern of
similarity because of the apparent absence of genetic
structure. Note that specimen 37 is isolated from
the other specimens in this comparison.

Fig. 2 compares individuals from a medium-sized
forest fragment (Biologia and Veterinária Woods) to
those of a small fragment (Meteorologia Wood), which
are located close to one another and within the university
area (urban area). Grouping analysis showed higher
similarity among the specimens present in the Bio-
logia Wood and the presence of greater homogeneity
between specimens of the Veterinária and Meteorologia
Woods. Specimens 97, 95, and 88 presented
approximately 80% similarity and were the individuals
most distinct from one another and from the other
individuals sampled.

Fig. 3 compares individuals from the large
fragment (Paraíso Wood) to a medium one (Bio-
logia Wood) and a small one (Prof. Alfredo Wood),
only one of which is located inside the urban
perimeter (Biologia Wood). The same figure also
shows that the specimens of Biologia Wood are
grouped. In addition, as in Fig. 1, only one specimen
(39) was alone, being linked to the remaining
specimens in this comparison.

TABLE 1

Area and characteristics of the forest fragments sampled in the region of Viçosa, MG.

Fragments Area (ha) Location Individuals 
Biologia Wood 61.16 University 71 to 78 

Veterinária Wood 46.00 University – rural area 91 to 98 

Meteorologia Wood 11.30 University – rural area 81 to 88 

Paraíso Wood 344.17 Rural area 32 to 39 

Vila Paraíso Wood 9.50 Rural area 41 to 48 

Palmital Wood 8.67 Rural area 51 to 58 

Prof. Alfredo Wood 13.67 Rural area 61 to 68 
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Fig. 1 — Grouping analysis by the UPGMA method of Nei-Li genetic distance; used for E. nigrita individuals collected in Paraíso
Wood (32-39), Vila Paraíso Wood (41-48), and Palmital Wood (51-58).

Fig. 2 — Grouping analysis by the UPGMA method of Nei-Li genetic distance; used for E. nigrita individuals collected in Biologia
Wood (71-78), Meteorologia Wood (81-88), and Veterinária Wood (91-98).
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Fig. 4 compares individuals from small forest
fragments, all located inside the urban perimeter,
with two of them being close to one another (Palmital
and Vila Paraíso Wood) and one more distant (Prof.
Alfredo Wood). An apparently random distribution
of the specimens was also observed, denoting the
absence of a genetic structure. However, it should
be pointed out that specimens 44 and 46 were
apparently more distinct than the remaining
specimens considered in this comparison.

 Fig. 5 compares individuals from small
fragments in the rural area (Palmital and Vila Paraíso
Woods) with those from a more distant medium-
sized wood located in the urban perimeter (Vete-
rinária Wood). Great similarity between specimens
(always higher than 85%) was observed, even when
there was an isolated specimen (41).

The results of the analysis of the proportion
of polymorphic bands (Fig. 6) showed no evidence
favoring the hypothesis that larger fragments present
greater variability.

The results obtained for the Biologia Wood
were exactly the contrary of what was expected. In
the two comparisons, this wood presented a very
small proportion of polymorphic bands. Similarly,
there was no difference between the medium-sized
and large forests and the two small woods in the
Paraíso region. Only the Veterinária Wood showed
a significant difference from the Palmital Wood.

Evidence that dispersal is greater in the ru-
ral area was supplied by the difference in variability
between Biologia Wood and the neighboring woods
(Veterinária and Meteorologia Woods) and the
relative homogeneity of the wood in the Paraíso
region.

There was no significant relation between
fragment area and proportion of polymorphic bands
as a measure of variability in each fragment (R2 =
0.005; df = 1.5; F = 0.025; p = 0.880).

Area and distance are two of the major
descriptors used to explain species diversity
(MacArthur & Wilson, 1967; Simberloff & Abele,
1982; McCoy & Mushinsky, 1994), population
dynamics (Adler, 1994; Aldaz, 1994) and genetic
structure of populations (Avise, 1992; Carson, 1992;
Wilmer et al., 1994) in natural fragments or in
fragments resulting from man-made changes in
landscape. However, a series of other factors of
difficult control may influence the effect of
fragmentation in natural populations. Among them

are the bionomic aspects of the species under study,
the spatial structure of fragments, the difference in
shape among fragments, the border effect, the types
of soil use in the matrix between the fragments, and
existing altitude barriers against dispersal.

Thus, experiments designed to reveal results
of fragmentation may fail to explain natural
phenomena because of multiple variables not
observed by experimental methodology. Nevertheless
this approach was used in the first large-scale studies
of the Biological Dynamics of Forest Fragments
Project (Bierregaard et al., 1992). On the other hand,
analysis of natural patterns may present a set of
factors so complex that interpreting their causes may
be extremely difficult. With respect to Biologia
Wood, for example, the discrepancy in variability
found may be an effect of area, of distance from
nearby fragments, or of the conservation state of
the system of the system itself.

In the present study, the area of the fragment
did not influence the direction of theoretical
predictions. On the contrary, a medium-sized
fragment in a good state of conservation (Biologia
Wood) was the one that presented the lowest number
of polymorphisms in the bands studied.

E. nigrita is a species mainly found along the
borders of more primary systems (e.g., Amazon forest)
(Morato, 1994). However, in the Viçosa region this
species can be found in relative abundance even within
the fragments studied, possibly indicating a greatly
altered state of the systems to the point at which the
forest is open to colonization.

It is possible that, since an urbanized matrix
separates the Biologia Wood from the majority of
the other fragments, a small and isolated population
of low variability has developed there. However,
the high dispersal ability of these insects (Willians
& Dodson, 1972; Roubik, 1991) and the existence
of pastures separating some areas of the Biologia
Wood from the other fragments do not support this
hypothesis. Furthermore, in the present study we
detected a high frequency of polymorphisms in the
populations of Veterinária Wood and Meteorologia
Wood, which are sufficiently close for dispersal to
occur between them.

The population in the Paraíso region (Para-
íso, Palmital, and Vila Paraíso Woods) presented
higher homogeneity in individuals than did the
population of the university region (Biologia, Ve-
terinária, and Meteorologia Woods).
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Fig. 3 — Grouping analysis by the UPGMA method of Nei-Li genetic distance; used for E. nigrita individuals collected in Biologia
Wood (71-78), Paraíso Wood (32-39), and Prof. Alfredo Wood (61-68).

Fig. 4 — Grouping analysis by the UPGMA method of Nei-Li genetic distance; used for E. nigrita individuals collected in the
Prof. Alfredo Wood (61-68), Palmital Wood (51-58), and Vila Paraíso Wood (41-48).



Braz. J. Biol., 65(3): 541-549, 2005

GENETICS OF EUGLOSSINI 547

Individuals

0.000

0.025

0.050

0.075

0.100

0.125

0.150

0.175

0.200

0.225

41 48 51 98 46 94 47 43 58 55 45 57 54 42 56 53 52 93 97 96 44 95 92

G
e
n

e
ti

c
d

is
ta

n
ce

o
f

N
e
i

Forest fragments

0.3

0.4

0.5

0.6

0.7

0.8

0.9

Biologia Meteorologia Veterinária Paraíso Vila Paraíso Palmital Prof. Alfredo

a

bc
bc

bc

bc b

bc

P
ro

p
o

rt
io

n
o

f
p

o
ly

m
o

rp
h

ic
b

a
n

d
s

Fig. 6 — Proportion of polymorphic bands estimated by the jackknife method for E. nigrita populations in the forest fragments
studied.

Fig. 5 — Grouping analysis by the UPGMA method of Nei-Li genetic distance; used for E. nigrita individuals collected in Veterinária
Wood (91-98), Palmital Wood (51-58), and Vila Paraíso Wood (41-48).
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The difference found between the individuals
sampled in populations of the urban and the rural
areas strengthens the hypothesis of greater dispersal
among the rural area fragments, which could be
explained by the existence of a common matrix.

 In conclusion, the area of the fragments
proved to have no effect on the genetic variability
of E. nigrita to the extent predicted by meta-
population models. The medium-sized well-
preserved forest presented lower variability, while
large and small forests were statistically identical.
The evidence supports the notion that rural areas
present greater dispersal among fragments, implying
greater similarity between the populations of
fragments located in rural areas when compared to
fragments in urban areas.
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