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ABSTRACT

Habitat fragmentation is one of the main threats to the biodiversity of the planet. This study was conducted in nine
fragments of the Brazilian cerrado (savanna) sensu stricto. We assessed the effects that fragment size and distance
between fragments has on the density and fertility of populations of Byrsonima pachyphylla A. Juss. (Malpighiaceae),
known in Brazil as “murici”. In each of the nine fragments, we evaluated seven individuals. We quantified the B.
pachyphylla density within a 20-m radius around each individual. Fertility in each fragment was estimated by deter-
mining the ratio between the number of flowers and the number of fruits produced. We carried out linear regression
analyses between mean B. pachyphylla density and fragment size, as well as between mean B. pachyphylla fertility and
fragment size. The influence of spatial autocorrelation on the fertility of each studied plant was estimated by Moran’s
I to evaluate the effect of fragment distance on B. pachyphylla fertility. Population densities and the proportions of
fertile plants were greater in the larger fragments, which were also more preserved. There was spatial autocorrelation
only between plants in the same fragment. Neighboring fragments differed significantly in terms of fertility, which
is probably related to the degree of preservation of each fragment. Habitat fragmentation has a marked effect on the
fertility of plant species in the cerrado, and larger fragments are needed in order to maintain their populations and
those of associated species.
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Introduction

Habitat fragmentation is one of the most prominent
forms of environmental degradation and one of the main
threats to world biodiversity (Rathcke & Jules 1993), be-
cause it results in extinction of populations and species. The
process of habitat fragmentation is the transformation of
a large expanse into several patches of small size, isolated
from each other by a matrix different from the original.
The definition of habitat fragmentation implies four effects:
habitat reduction; increase in the number of fragments;
decreased fragment size; and increased isolation of the
fragments. These four effects are the basis for the quantita-
tive measurement of habitat fragmentation (Fahrig 2003).

The formation of habitat islands, or fragments, results
in complicating factors for the maintenance of populations,
such as the formation of subpopulations with different de-
grees of isolation, and the formation of extensive areas of
edge habitat, defined as areas of contact between the original
habitat and the modified landscape (Ries et al. 2004). A
greater number of fragments translates to a more advanced

stage of fragmentation; and a reduction in the size of the
fragments increases the severity of the consequences of
habitat loss (Fahrig 2003). In small fragments, the remain-
ing species with small population sizes are vulnerable to
extinction by environmental and demographic stochasticity
(Ewers & Didham 2006). Such effects can be mitigated if
populations are not completely isolated from one another.
Species can survive in small areas by combining resources
from different areas, which is possible through the ability
of these species to disperse between areas (Tscharntke et al.
2002). Greater differentiation of the matrix, in relation to
the fragment, results in lower permeability of the matrix,
and the degree of isolation of a given fragment is therefore
determined by the combination of matrix permeability and
the dispersal ability of the species (Ewer & Didham 2006).

Fragments that are isolated (far from each other) and
within a less permeable matrix are exposed to changes in
fauna and flora, leading traditional interactions between
species to break down and new interactions to be estab-
lished. In general, communities that are more complex and
comprise species that are more unique are more susceptible
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to habitat degradation and increased isolation (Tscharntke
& Brandl 2004). In sensitive ecological interactions, habitat
quality can influence the reproductive success of plant spe-
cies. For example, in the process of pollination, a increase
in the distance that pollinators must travel to find plant
populations affects the reproductive success of the target
plant species and their pollinators (Murcia 1996; Steffan-
Dewenter & Tscharntke 1999; Knight et al. 2006).

Pollination is the first stage in the reproductive cycle
of most plant species. At that stage, any change, such as
habitat fragmentation, can have a major effect on the
subsequent stages, because the amount of pollen reaching
the stigmata can determine the rate of ovule fertilization,
with consequent effects on the rate of flower abortion, as
well as on the production of fruit and seeds (Krauss et al.
2007). The reproductive success of plant species is deter-
mined, in part, by pollen limitation. In animal-pollinated
species, the amount of pollen that reaches the stigmata
of flowers is dependent on the number of pollinators and
their efficiency in transporting the pollen to other flowers
(Gémez et al. 2010). Pollen limitation can also be caused
by poor quality of the pollen, which occurs in response to
endogamy and reduces the quality of the offspring (Aizen
& Harder 2007).

The reduced sizes of the populations of plant species
found in fragmented environments leads to a decrease in
cross-pollination and a loss of genetic variability, with a
consequent decrease in the production of seeds and fruit,
thus increasing the risk of extinction of the population
(Jacquemyn et al. 2002). In most tropical plants, pollination
involves interactions with animals, making this process dou-
bly susceptible to the effect of fragmentation. Fragmentation
can lead to changes in the type and number of floral visitors
(Aizen & Feinsinger 1994), reducing pollination efficiency
by decreasing the quantity or quality of the pollen received
by the stigmata of flowers, leading to a lower fruit and seed
production (Gémez et al. 2010).

In the Cerrado Biome of Brazil, a vast tropical ecoregion
of cerrado (savanna) vegetation, the process of fragmenta-
tion and agricultural expansion has been accelerating,
particularly in the states of Goias and Minas Gerais (Klink
& Machado 2005; Carvalho et al. 2009). The biome once
occupied approximately 25% of the territory of the country
(Ribeiro & Walter 1998). However, it has been reduced to
less than 20% of its original size, aproximately 6% now be-
ing within “conservation units” (protected areas) (Myers et
al. 2000) and only 2.2% is in fully preserved areas (Klink &
Machado 2005). The cerrado is composed of various types
of vegetation formations, ranging from grasslands to gallery
forests (Eiten 1983), featuring high species richness and high
endemism of plants and vertebrates (Myers et al. 2000).

One tree species that is typical of the Cerrado Biome and
has a pollination system that is dependent on interaction
with animals is Byrsonima pachyphylla A. Juss., popularly
known as “murici”. The species is pollinated by solitary bees

of the tribe Centridini, which are medium to large in size
(Alves-dos-Santos et al. 2007). In an earlier survey of trees
and shrubs in fragments of cerrado surrounding the town of
Hidrolandia, in the state of Goias (where the present study
was also conducted), we observed this species to be one of
the most abundant, with more intense flowering than other
tree species, and to occur in all of the fragments surveyed
(Melo M.S., personal observation). The aim of the present
study was to determine whether the population densities
and proportions of fertile individuals of B. pachyphylla are
greater in larger fragments, as well as whether neighboring
fragments are more similar than are distant fragments in
terms of B. pachyphylla fertility.

Material and methods

Study sites

This study was carried out in 2009, in nine fragments of
cerrado sensu stricto, a common type of vegetation formation
in the Cerrado Biome. Specimens were collected between
July and October, which is the period of flowering and fruit-
ing of Byrsonima pachyphylla. The environment features a
tropical savanna-type formation, with marked seasonality,
together with grasslands that have, in different propor-
tions, tree and shrub layers (Ribeiro & Walter, 1998). The
fragments studied, all of which are located within the area
governed by the municipality of Hidrolandia (Fig. 1), range
from 19.5 to 1124.78 ha in size (Tab. 1). The predominant
soil types are the Oxisols and Inceptisols. According to the
Koppen classification system, the climate of the region is
type Aw (tropical rainy, i.e., tropical savanna climate), with
wet summers, dry winters, a mean annual temperature of
20.1°C, and mean annual precipitation of 1300-1600 mm
(Ribeiro & Walter 2008).

The fragments under study were within a vegetation
matrix dominated by cattle pastures, the predominant grass
being Urochloa sp. (signal or liverseed grass), popularly
known in the region as “capim braquidria”. Most farms in
the area are small and have some cultivated areas for grow-
ing sugar cane (which serves to supplement livestock feed
in periods of drought) or corn. However, those croplands
do not border any of the fragments studied. Some of the
fragments are close to the urban areas of the towns Apare-
cida de Goiania and Hidrolandia. The landscape is slightly
undulating, most of it being at approximately 800 m above
sea level, although there are a few mountains.

Effect of fragment size

The density of Byrsonima pachyphylla in the nine frag-
ments studied was estimated by counting the number of
individuals within a 20-m radius around each of the seven
individuals selected in each fragment. We also recorded
the diameter at the height of 30 cm above the ground, as
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Figure 1. Location of the nine fragments of cerrado (savanna) studied. Lower left: map of Brazil with the State of Goids highlighted; top
left: map of the state of Goids with the study area highlighted; right side: fragments where individuals of Byrsonima pachyphylla A. Juss.
were studied. Gray areas represent the urban areas of the towns of Aparecida de Goinia (above) and Hidrolandia (center).

Table 1. Size and geographic coordinates of the fragments of cerrado (savanna)
studied in the town of Hidrolandia, in the state of Goids, Brazil.

Fragment Size (ha) Geographic coordinates
1 19.50 16°58'597S; 49°14'18” W
2 27.09 17°03'237S; 49°13728"W
3 53.02 16°58°507S; 49°11°24”W
4 59.07 16°59°49”S; 49°14°09”W
5 68.06 17°00°50”S; 49°11’51”W
6 297.54 17°00°46”S; 49°08°38”W
7 427.35 17°04°40”S; 49°10°56”W
8 517.61 16°54'277S; 49°13’51"W
9 1124.78 16°51°547S; 49°21'53”W

well as the overall height, of B. pachyphylla individuals.
To determine whether the density and size of B. pachyphylla
individuals varied depending on the area of the fragments,
we performed a linear regression analysis of fragment size
in comparison with density, diameter and height. To reduce
the asymmetric distribution of the data, the values of the
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sizes of the fragments were fixed by logarithmic transforma-
tion (Krebs 1999).

Fertility was assessed by estimating the number of
fruits produced per individual in relation to the number
of flowers. To that end, we collected all floral racemes
of the seven selected individuals in each of the nine
fragments. We counted the floral scars and the number
of fruits produced by those 63 trees. The number of
fruits was divided by the number of flowers produced
and multiplied by 100 in order to arrive at the percent-
age of fruit produced by each hundred flowers of each
individual. The results of this rate were considered the
measure of fertility of each individual, and the mean of
these values was considered the measure of fertility of
each fragment. We conducted linear regression analyses
of the fertility rate in function of the size of the fragments
in order to determine whether fertility rates were higher
in the larger fragments.

For all linear regressions, the assumptions of normality
of residuals and variance homoscedasticity in the residuals
were tested by visual analysis of a normal plot of residuals
and the plot of residual versus independent variables. Given
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that none of the residual plots showed any kind of structure
in the data, it was assumed that in all cases the assumptions
of the regression analysis were met.

Effect of inter-fragment distance

To assess the effect that the distance between the frag-
ments had on the fertility of Byrsonima pachyphylla, we
performed spatial autocorrelation analysis. We used the
estimated Moran’s I with seven classes of geographical dis-
tance between the individuals sampled in the fragments,
maintaining a constant number of observation pairs for
each class. To assess the significance of the autocorrelogram
as a whole, we used Bonferroni correction—a/k—in which
a is the significance level (a=0.05), and k is the number of
distance classes (seven, in this case). If any distance class
shows a significant value (after the Bonferroni correc-
tion), we can assume that the autocorrelogram as a whole
is significant; that is, B. pachyphylla fertility has a spatial
structure. To perform the spatial autocorrelation analysis,
we used the SAM software package, version 3.0 (Rangel et
al. 2006), with 10,000 randomizations.

Results and discussion

Effect of fragment size

As can be seen in Fig. 2, the mean density of Byrsonima
pachyphylla was significantly higher in the larger frag-
ments (r’=0.6403; p=0.0096). However, fragment size was
not found to correlate significantly with stem diameter
(r’=0.0378; p=0.6161) or height (r’=0.3243; p=0.1095).
Several studies have shown the effect of fragmentation on
aspects of plant species biology (Donaldson et al. 2002;
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Figure 2. Simple linear regression analysis between the mean population density
of Byrsonima pachyphylla A. Juss. (number of individuals within a 20-m radius
of each selected individual) and the size of the fragments of cerrado (savanna)
sensu stricto in the town of Hidrolandia, in the state of Goids, Brazil.

Quesada et al. 2004; Aguirre & Dirzo 2008; Dunley et al.
2009; Elias et al. 2012). The low density of plants in smaller
fragments might be attributable to the direct and indirect
effects of fragmentation, such as edge effects, frequent fires
and trampling/treading by livestock. These effects have a
greater impact on young plants, hindering their germination
or establishment (Lehouck et al. 2009), and, in the long term,
the density of the population as a whole decreases, leaving
only the previously established individuals.

A simple regression analysis between fertility rates and
fragment size (Fig. 3) corroborated the hypothesis that
Byrsonima pachyphylla individuals are more fertile in larger
fragments (r*=0.6569; p=0.0081). The higher fertility rates
found for larger fragments are in agreement with the results
of other studies, in which larger fragments were found to
show greater plant species richness and abundance and the
effects of the invasion of exotic species and human activi-
ties were found to be less pronounced (Renison et al. 2005;
Carmo et al. 2011). Larger fragments are more functional
and structurally similar to undisturbed systems, preserv-
ing greater genetic diversity and minimizing the negative
effects of population reduction and genetic drift (Keller &
Walter 2002; Reed & Frankham 2003). In addition, plants
in larger fragments better preserve their network of interac-
tions with other species, especially pollinators (Aizen et al.
2008), ensuring that the quantity and quality of pollen are
sufficient for reproduction.

Pollen limitation is especially important if we consider
that, together with resource limitation, it is one of the main
factors determining the proportion of flowers that will
produce viable seeds (Bierzychudek 1981). According to
Aguilar et al. (2006), pollen limitation is the main cause
of the decrease in the reproductive success of plant species
in fragmented habitats. The increased risk of pollination
failure is associated with pollen reaching the stigma in an

12=10.6569; p=0.0081; y =-9.195 + 3.3038*x

o oo ST S

Fertility (fruit:flower ratio)

&

[S]

0 * x . +
25 3.0 35 4.0 45 5.0 5.5 6.0 6.5 7.0 7.5
Log-transformed fragment size (ha)

Figure 3. Simple linear regression analysis between the fertility of Byrsonima
pachyphylla A. Juss. and the size of the fragments of cerrado sensu stricto in the
town of Hidrol4ndia, in the state of Goids, Brazil.
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Figure 4. Moran’s autocorrelogram (Moran’s I) for the fertility of Byrsonima
pachyphylla A. Juss. in fragments of cerrado sensu stricto in the town of Hi-
drolandia, in the state of Goids, Brazil.

The dashed line indicates the value of Moran’s I expected in the absence of
spatial autocorrelation (I=—0.012). No values were statistically significantafter
Bonferroni correction (a=0.05).

insufficient quantity, when stigma is not receptive, or as a
mixture containing pollen from other species (Wilcock &
Neiland 2002). These situations are associated with sparse
populations featuring only a few individuals, all genetically
similar to each other (Gargano et al. 2009). This could ex-
plain the fact that we found Byrsonima pachyphylla tertility
to be lower in the smaller of the fragments analyzed, where
the populations are likely to be smaller and less dense.

Effect of inter-fragment distance

We observed significant spatial autocorrelations,
even after Bonferroni correction, only in the first
distance class and in the seventh (last) distance
class (Fig. 4). The expected value of Moran’s I, un-
der the null hypothesis (absence of a spatial auto-
correlation), was I=-0.0120. As shown in Tab. 2,
the spatial autocorrelation for the fertility of plants was

positive for the first class (I=0.1330; p=0.0040) and nega-
tive for the seventh class (I=—0.2090; p<0.0010). The first
class included only plants within the same fragment,
whereas the seventh class included only plants that were
> 17 km from each other. Legendre & Legendre (1998)
stated that positive values the last distance classes in an
autocorrelogram should not be considered because they
are due to large spatial range and formed by pairs of
points bordering the surface. Based on that statement,
the significant value at the last distance class found here
is assumed to be an artifact of the data analysis, as dis-
cussed by Legendre & Legendre (1998), and therefore
without biological significance. The plants within the
same fragment (those represented by the first distance
class) are subject to similar environmental conditions
and are exposed to the same community of pollina-
tors, which favors similar values of fertility. Byrsonima
pachyphylla is pollinated by bees of the tribe Centridini,
which are generally medium to large in size and, accord-
ing Tscharntke et al. (2002), show a linear relationship
between body size and distance traveled to forage. Long
flights for pollination of plants throughout a given frag-
ment promote similar fertility rates of B. pachyphylla
within that fragment. However, bee visits to plants in
other fragments are probably rare to nonexistent, because
solitary bees are most affected by habitat loss and it is
possible to observe a decrease in their populations in
small-scale fragmentation due to their specific need for
foraging (Steffan-Dewenter et al. 2002). This explains the
autocorrelation for fertility found among B. pachyphylla
individuals within the same fragment and the lack of such
a correlation between individuals in different fragments.

Our results raise the possibility of fragments forming
independent islands, isolated by a matrix that is mainly im-
permeable to the displacement of pollinators, as described
in the Material and methods section. Small populations of
plants have fewer reproductive individuals, which reduces
resource availability for pollinators (Frazén & Nilsson
2009). According to Cunningham (2000), pollinators
might not visit small, isolated plant populations, leading

Table 2. Moran’s I for the seven classes of distances between individuals of Byrsonima pachyphylla A. Juss.

Minimum distance

Maximum distance

Class n of pairs Moran’s I P
(km) (km)
1 522 0.00 0.95 0.133 0.004*
2 521 0.96 6.28 0.069 0.069
3 527 6.29 7.73 -0.108 0.015
4 519 7.74 10.36 0.029 0.375
5 522 10.37 13.12 -0.014 0.628
6 522 13.13 17.27 0.023 0.380
7 521 17.28 29.59 -0.209 <0.001*

*Statistically significant (a=0.05) after Bonferroni correction.
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to the reproductive failure of those populations. Therefore,
a small fragment in close proximity with a large fragment
might not have the same fertility as the larger fragment,
because there are great difficulties in maintaining the
fertility of plants with low population densities found in
small fragments.

In the present study, we identified no relationship be-
tween the size of Byrsonima pachyphylla plants and their
fertility. However, we found that fragment size correlated
positively with B. pachyphylla fertility, probably because
larger fragments have better environmental conditions
and maintain a more efficient pollinator fauna. The posi-
tive spatial autocorrelation was restricted to plants within
the same fragment, which is a strong indication that the
matrix is mainly impermeable, limiting the foraging of
these pollinators to within each fragment. This results in
marked differences between neighboring fragments, in
terms of plant fertility, if the fragments differ in size. These
results underscore the need to maintain environmentally
protected areas large enough not only for the maintenance
of populations of specific plants but also for their network
of associated species—notably pollinator species—which
tend to disperse little between the protected areas.

Acknowledgments

We are grateful to the anonymous reviewer for the valu-
able suggestions. This study received financial support from
the Brazilian Coordenagdo de Aperfeicoamento de Pessoal de
Nivel Superior (CAPES, Office for the Advancement of Higher
Education; graduate scholarships to MSM and DEO).

References

Aizen, M.A. & Feinsinger, P. 1994. Forest fragmentation, pollination,
and plant reproduction in a chaco dry forest, Argentina. Ecology
75:330-351.

Aizen, M.A. & Harder, L.D. 2007. Expanding the limits of the pollen-
limitation concept: effects of pollen quantity and quality. Ecology
88(2): 271-281.

Aizen, M.A.; Morales, C.L. & Morales, ].M. 2008. Invasive mutualists erode
native pollination webs. Plos Biology 6(2): 396-403.

Aguilar, R.; Ashworth, L.; Galetto, L. & Aizen, M.A. 2006. Plant repro-
ductive susceptibility to habitat fragmentation: review and synthesis
through a meta-analysis. Ecology Letters 9: 968-980.

Aguirre, A. & Dirzo, R. 2008. Effects of fragmentation on pollinator
abundance and fruit set of an abundant understory palmina Mexican
tropical forest. Biological Conservation 141: 375-384.

Alves-dos-Santos, I.; Machado, I. C. & Gaglianone, M. C. 2007. Histdria natu-
ral das abelhas coletoras de dleo. Oecologia Brasiliensis 11(4): 544-557.

Bierzychudek, P. 1981. Pollinator limitation of plant reproductive effort.
American Naturalist 117: 838-840.

Carmo, A.B.; Vasconcelos, H.L. & Aratjo, G.M. 2011. Estrutura da comu-
nidade de plantas lenhosas em fragmentos de cerrado: relagdo com o
tamanho do fragmento e seu nivel de perturbagao. Revista Brasileira
de Botanica 34(1): 31-38.

Carvalho, EM.V,; De Marco, P. & Ferreira, L.G. 2009. The Cerrado into-
pieces: Habitat fragmentation as a function landscape use in the
savannas of central Brazil. Biological Conservation 142: 1392-1403.

Cunningham, S.A. 2000. Depressed pollination in habitat fragments causes
low fruit set. Proceedings: Biological Sciences 267: 1149-1152.
Donaldson, J.; Nanni, I.; Zachariades, C. & Kemper, J. 2002. Effects of
habitat fragmentation on pollination diversity and plant reproductive
success in renosterveld shrublands of South Africa. Conservation

Biology 16: 1267-1276.

Dunley, B.S.; Freitas, L. & Galetto, L. 2009. Reproduction of Byrsonima
sericea (Malpighiaceae) in restinga fragmented habitats in Southeast-
ern Brazil. Biotropica 41(6): 692-699.

Eiten, G. 1983. Classificagao da vegetacao do Brasil. Brasilia. CNPq.

Elias, M.A.S.; Franceschinelli, E.V;; Juen, L.; Borges, FJ.A.; Ferreira, G.M.
& Carvalho, EM.V. 2012. Reproductive success of Cardiopetalum
calophyllum (Annonaceae) treelets in fragments of Brazilian savanna.
Journal of Tropical Ecology 28: 317-320.

Ewers, R.M. & Didham, R.K. 2006. Confounding factors in the detection
of species responses to habitat fragmentation. Biological Reviews
81:117-142.

Fahrig, L. 2003. Effects of habitat fragmentation on biodiversity. Annual
Review of Ecology, Evolution and Systematics 34: 487-515.

Frazén, M. & Nilsson, S.G. 2009. Both population size and patch quality
affect local extinctions and colonizations. Proceedings of the Royal
Society B 277(1678): 79-85.

Gargano, D.; Bellusci, E; Pellegrino, G.; Palermo, A.M.; Bernardo, L. &
Musacchio, A. 2009. The conservation perspectives and value of
small and isolated plant populations: preliminary clues for Gentianella
crispata (Gentianaceae) at the western boundary of its range. Annales
Botanici Fennici 46: 115-124.

Gomez, ].M.; Abdelaziz, M.; Lorite, J.; Mufioz-Pajares, A.]. & Perfectti, F.
2010. Changes in pollinator fauna cause spatial variation in pollen
limitation. Journal of Ecology 98: 1243-1252.

Klink, C.A. & Machado, R.B.,2005. A Conservagao do Cerrado Brasileiro.
Megadiversidade 1(1): 147-155.

Jacquemyn, H.; Brys, R. & Hermy, M. 2002. Patch occupancy, population
size and reproductive success of a forest herb (Primula elatior) in a
fragmented landscape. Oecologia 130: 617-625.

Keller, L.E. & Waller, D.M. 2002. Inbreeding effects in wild populations.
Trends in Ecology and Evolution 17: 230-241.

Knight, T.M; Steets, ].A. & Ashman, T. 2006. A quantitative synthesis of
pollen supplementation experiments highlights the contribution of
resource reallocation to estimates of pollen limitation. American
Journal of Botany 93(2): 271-277.

Krauss, S.L.; Hermanutz, L.; Hopper, S.D. & Coates, D.J. 2007. Popula-
tion-size effects on seeds and seedlings from fragmented eucalypt
populations: implications for seed sourcing for ecological restoration.
Australian Journal of Botany 55: 390-399.

Krebs, C. J. 1999. Ecological methodology. N. York, Harper Collins.

Legendre, P. & Legendre, L. 1998. Numeral Ecology. Amsterdam, Elsevier.

Lehouck, V;; Spanhove, T.; Gonsamo, A.; Cordeiro, N. & Lens, L. 2009.
Spatial and temporal effects on recruitment of a Afromontane forest
tree in a threatened fragmented ecosystem. Biological Conservation
142(3): 518-528.

Murcia, C. 1996. Forest fragmentation and the pollination of neotropical
plants. Pp. 19-37. In: Schelhas, J.; Greenberg, R. (Eds.) Forest Patches
in tropical landscapes. Washington, DC - Island Press.

Myers, N.; Mittermeier, R.A.; Mittermeier, C.G.; Fonseca G.A.B. & Kent,
J. 2000. Biodiversity hotspots for conservation priorities. Nature
403: 853-858.

Quesada, M.; Stoner, K.E.; Lobo, J. A.; Herrerias-Diego, Y.; Palacios-
Guevara, C.; Munguia-Rosas, M.A ; Salazar, K.A.O. & Rosas-Guerrero,
V. 2004. Effects of forest fragmentation on pollinator activity and
consequences for plant reproductive success and mating patterns in
bat-pollinated bombacaceous trees. Biotropica 36: 131-138.

Rangel, TEL.V.B,; Diniz-Filho, J. A. F. & Bini, L. M. 2006. Towards an
integrated computational tool for spatial analysis in macroecology
and biogeography. Global Ecology and Biogeography 15: 321-327.

Rathcke, B.J. & Jules, E. S. 1993. Habitat fragmentation and plant-pollinator
interactions. Current Science 65(3): 273-277.

Reed, D.H. & Frankhan, R. 2003. Correlation between fitness and genetic
diversity. Conservation Biology 17: 230-237.

Acta bot. bras. 28(2): 259-265. 2014.



Density and fertility of Byrsonima pachyphylla A. Juss. (Malpighiaceae) in small fragments of the Brazilian Cerrado

Renison, D.; Cingolani, A.M.; Suarez, R.; Menoyo, E.; Coutsiers, C.; Sobral,
A. & Hensen, I. 2005. The restoration of degraded mountain forests:
effects of seed provenance and microsite characteristics on Polylepis
australis seedling survival and growth in Central Argentina. Restora-
tion Ecology 13:129-135.

Ries, L.; Fletcher, R.J.; Battin, J. & Sisk, T.D. 2004. Ecological responses
to habitat edges: Mechanisms, models, and variability explained.
Annual Review of Ecology, Evolution and Systematics 35: 491-
522.

Ribeiro, J.E. & Walter, B.M.T. 2008. As principais fitofisionomias do bioma
Cerrado. Pp. 151-212. In: Sano, S.M., Almeida, S.P, Ribeiro, J.E. (Eds.).
Cerrado: ecologia e flora. v.1. Brasilia, EMBRAPA.

Acta bot. bras. 28(2): 259-265. 2014.

Steffan-Dewenter, L; Miinzenberg, U.; Biirger, C.; Thies, C. & Tscharntke, T.
2002. Scale-dependent effects of landscape context on three pollinator
guilds. Ecology 83(5): 1421-1432.

Steffan-Dewenter, I. & Tscharntke, T. 1999. Effects of habitat isolation on
pollinator communities and seed set. Oecologia 121: 432-440.

Tscharntke, T.; Steffan-Dewenter, I; Kruess, A. & Thies, C. 2002. Contribu-
tion of small habitat fragments to conservation of insect communities
of grassland-cropland landscapes. Ecological Applications 12: 354-363.

Tscharntke, T. & Brandl, R. 2004. Plant-insect interactions in fragmented
landscapes. Annual Reviews of Entomology 49: 405-430.

Wilcock, C. & Neiland, R. 2002. Pollination failure in plants: why it hap-
pens and when it matters. Trends in Plant Science 7(6): 270-277.

265



