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The presence of vegetation corridors in fragmented landscapes has high ecological importance to the gene
flow of animals and plants. The landscape in the south of Minas Gerais State, Brazil is characterized by
fragmented and disturbed ecosystems. However, there is some secondary vegetation corridors connected
with remaining fragments of primary forest. In order to obtain information regarding of the importance
of vegetation corridors in maintaining genetic diversity, we assessed the genetic diversity parameters of
Myrcia splendens in a fragment-corridor system. Inter-simple sequence repeat markers (ISSRs) were used
to assess the genetic diversity and genetic structure of M. splendens. The genetic structure was constructed
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Ge};etic differentiation using 168 trees distributed in five forest fragments and 104 trees distributed in four vegetation corridors.
Gene flow High genetic diversity of the species was indicated by Nei and Shannon indices in the fragments (Hg =0.37,

1=0.53) and in the corridors (Hg =0.33, I=0.48). The historical gene flow was higher with neighboring
corridors than with non-neighboring corridors. Differentiation among fragments was observed to be low
with no correlation between genetic and geographic distances (r=0.057, P=0.43). Our results indicate
that the fragment-corridor system in Minas Gerais State, Southeast Brazil, analyzed is of great importance

Habitat fragmentation
Landscape structure
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for M. splendens in situ conservation plans.

© 2015 Elsevier GmbH. All rights reserved.

1. Introduction

Tropical forest landscape changes due to expanding cattle-
ranching and agricultural and silvicultural areas, in addition to
inadequate exploration of wood resources, has led to the destruc-
tion and fragmentation of forest ecosystems. Besides the negative
ecological effects, genetic variability and species fitness may
decrease in a disturbed environment (Barret and Kohn, 1991;
Heldrick and Miller, 1992; Telles et al., 2007; Young et al., 1996).

Gene dispersal for tree species inside fragmented landscapes
faces several obstacles due to vector-dependent erosion of neu-
tral and adaptive genetic diversity of populations (Couvet, 2002).
Genetic consequences of forest fragmentation on plant species are
more diverse than predicted by simple theoretical models (Bacles
et al., 2004; Bacles and Jump, 2011; Kramer et al., 2008; Lowe
et al., 2005) and the connection from one fragment to another
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through a vegetation corridor is essential for the maintenance of
the genetic integrity of a species in these environments (Haddad,
2000; Mech and Hallett, 2001; Simberloff et al., 1992; Vieira and
Carvalho, 2008).

In the landscape of the Alto Rio Grande region in the South of
Minas Gerais State, forest fragments are connected by corridors
of secondary vegetation — an important conservation system for
maintenance of biological diversity. These areas are under high
pressure, mainly due to urban expansion, logging and livestock.
Assessment of genetic diversity of populations that occur in for-
est remnants and corridors of vegetation is crucial for developing
efficient strategies for genetic conservation, and molecular mark-
ers can be used for this purpose. Inter-simple sequences repeats
(ISSRs) markers are well-established in population genetics and
have proven to be useful tools for detection of genetic diversity
in tree and shrub natural populations and studies of cultivars (Li
etal,, 2010; Minsart et al., 2010; Oliveira et al., 2010; Viana e Sousa
and Lovato, 2010). Studies on genetic aspects of conservation biol-
ogy, such as the loss of genetic diversity in natural populations that
are under human pressure, are truly addressed through detailed
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genetic studies of these populations, making use of molecular tools
(Hamrick and Godt, 1996; Weising et al., 2005). There are few stud-
ies in Brazil on genetic diversity in natural populations of trees in
fragments—corridors system (Vieira and Carvalho, 2008) and ISSR
markers (Cota et al., 2011; Duarte et al., 2015; Lousada et al., 2011;
Melo Janior et al., 2015; Souza and Lovato, 2010).

As pointed out in Xiao et al. (2004) the use of ISSR markers has
several advantages to assess genetic diversity in natural popula-
tions of trees. Analysis of genetic diversity and structure made from
ISSR markers are more specific than the analysis with RAPD markers
(Wolfe et al., 1998). The ISSR primers are based on SSR giving more
region-specific annealing and, therefore, greater reproducibility of
results, which is an advantage compared tothe analysis based on
RAPD (Yang et al., 1996; Zietjiewicz et al., 1994). A lot of hyper-
variable loci found by ISSR markers makes them very interesting
for studies in population genetics (Culley and Wolfe, 2001) and its
final cost to the laboratory is low compared to other markers. How-
ever, the dominant nature of ISSR, and RAPDs markers, does not
allow direct indication of those individuals which are homozygous
or heterozygous.

In the present study, ISSR markers were used to analyze the
genetic diversity of Myrcia splendens (Swartz) de Candolle on a
fragment-corridor system. In this system, we expected to find low
genetic differentiation between populations, since the vegetation
corridors minimize the effects of genetic isolation caused by forest
fragmentation. Our goal was to ask the following question: Are the
fragment-corridor systems functional for maintenance of genetic
diversity in M. splendens populations? This knowledge will provide
baseline information for the adequate management and the con-
servation of small forest fragments and vegetation corridors in the
regional landscape.

2. Materials and methods
2.1. Study species

M. splendens is a widely distributed tree species, naturally occur-
ring from Mexico to Southern Brazil. The flowers of facultative
outbreeding M. splendens are pollinated by bees, and the seeds
are dispersed by small mammals, monkeys and birds (Torenzan-
Silingardi and Oliveira, 2004). M. splendens occurs mainly at the
edges of forest fragments and along the vegetation corridors. This
species is highly abundant in the studied landscape, with a density
about 122ind. ha! in the forest fragments and 124ind.ha~! in the
corridors.

2.2. Study site and populations

The populations studied are in Semideciduous Atlantic Forest
fragments connected by vegetation corridors in Southeast Brazil,
Minas Gerais State (Fig. 1). All reproductive individuals of M. splen-
dens in five fragments (168 individuals) and four corridors (104
individuals) were sampled. These fragments have been subjected
to different kinds of disturbance, with some types showing signs
of trampling by cattle and timber harvests. The vegetation corri-
dors were formed by colonization of trenches over the past 200
years. The matrix of fragments and corridors is primarily formed
by pastures. Furthermore, the fauna present in these forest rem-
nants uses vegetation corridors to explore other fragments, which
is important for gene flow of M. splendens species and tree species
dependent on these animals for seed dispersal.

2.3. DNA extraction and ISSR amplification

Genomic DNA was extracted from 10 mg of frozen leaves using
a cetyltrimethyl ammonium bromide (CTAB) extraction method

(Doyle and Doyle, 1987). Ten primers (Table 1) were selected
from the twenty primers (synthesized by Biotechnology Labora-
tory of British Columbia University — Vancouver, British Columbia,
Canada). Polymerase chain reaction (PCR) amplification was con-
ductedin 12 pL consisting of 20 ng of template DNA, 10 X PCR buffer
(500 mM Tris-HCI pH 8.0, 200 mM KCI, 0.25 mM BSA, 200 mM Tar-
trazine and 1% Ficoll), 2.6 mM MgCl,, 0.25 mM of each dNTP, 0.125
U Taq DNA polymerase and 0.4 .M of ISSR primer. The PCR profile
used to amplify the ISSRs was 94 °C for 3 min, 37 cycles of denatura-
tion at 94 °C for 1 min, melting at 47 °C for 2 min, 72 °C for 2 min, and
a final elongation step at 72 °C for 5 min. Amplified fragments were
separated on 1.5% agarose gels stained with ethidium bromide in
0.5 x TBE (90 mM Tris, 92 mM boric acid, and 2.5 mM EDTA) buffer
and photographed under ultraviolet light. Bands quantification was
scored against 1000 bp DNA ladder standard.

2.4. Genetic analysis

The amplified DNA fragments were scored as presence or
absence binary characters. The Polymorphism Information Content
(PIC) was evaluated by using the following formula given by Bhat
(2002): PIC=2Pi (1-Pi) where Pi=frequency of different primers.
The PIC indicates the ability of each marker to be found in two
different states (presence/absence) in two plants taken randomly
from the population. The PIC ranges from O to 0.5, indicating that
the marker is monomorphic or present in 50% of the plants and
absent in the other 50%, respectively (Roldan-Ruiz et al., 2000).

The resulting presence/absent data matrix of the ISSR geno-
types was analyzed using POPGENE version 1.32 (Yeh et al.,
1999) to estimate the following genetic indexes: the percentage of
polymorphic loci, number of observed and effective allele, the
expected heterozygosity (Hg) (Nei, 1973), diversity among popu-
lations (Dst), the mean diversity within population (Hs), the total
genetic heterozygosity (Ht), the Shannon index of diversity (I)
(Shannon and Weaver, 1949; Lewontin, 1972), and the genetic dif-
ferentiation among populations G'st=Gsr(1+Hs)/(1 — Hs), where
Gst=Dst/HT. Gene flow estimates (Nm) were calculated as
Nm =0.5[(1 - G's7)/G'st](Hedrick, 2005; McDermott and McDonald,
1993).

Analysis of variance (one way ANOVA) was used to compare
the magnitude of changes in levels of genetic diversity obtained
by decomposing the total variance between samples and within
populations. This analysis was complemented by a priori single
Bonferroni test (Rice, 1989) to control false positive results, specify-
ing what value of « is to be used in each test individually, adjusting
the significance of the test for P< a.

In order to test the correlation between genetic and geograph-
ical distances among populations, a Mantel test was performed
with the randomization (Monte Carlo) method (1000 random-
izations) in the PC-ORD 4.14 software (McCure and Mefford,
1997). Analysis of molecular variance (AMOVA) was used to deter-
mine the genetic structure within and among populations of M.
splendens with the ARLEQUIN software (Excoffier et al., 2005). Sig-
nificance level was detected via permutation test (n=10,000). A
Bayesian approach (Holsinger et al., 2002) was used to obtain
genetic diversity (Hg), population differentiation (Gsr_g ), gene flow
(Nm=0.25(1-Gs7-5)/Gsr-g), and the genetic divergence 88 between
pairs of populations with the HICKORY version 1.0.4 (Holsinger and
Lewis, 2005). In this program, the value of 9B can be calculated using
four different models for dominant markers, specifically, assuming
the model of free, ie, the program estimates the value of inbreeding;
model 68 =0 and f=0, which set out 68 and f values, respectively;
and the complete model, which assumes all the previous possi-
bilities. The simulations were obtained with Markov Chain Monte
Carlo (MCMC) methods, which approximate a posteriori distribu-
tion of f and 6B for any genetic data (Batistini et al., 2009). We
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Fig. 1. Location of the studied fragment-corridor system with primary forest fragments (F1-F5) and secondary vegetation corridors (C1-C4) in Minas Gerais State, Southeast
Brazil. The white points indicate the positions of the sampled individuals. Adapted from Branddo et al. (2011).

Table 1

Summary of data for the 10 ISSR primers used in the screening of Myrcia splendens (Swartz) de Candolle populations in Minas Gerais State, Southeast Brazil.
ISSR primers Primer sequences (5'-3") Number of Number of Percentage of Number of Number of PIC

loci polymorphic loci polymorphic loci (%) observed allele effective allele

AWS3 (GT)6-RG GTG TGT GTG TGT RG 7 7 100 2 1.8 0.464
BECKY (CA)7-YC CACACACACACACAYC 7 7 100 2 1.7 0.401
CHRIS (CA)7-YG CAC ACACACACACAYG 11 11 100 2 1.7 0.411
DAT (GA)7-RG GAG AGA GAG AGA GAR G 3 3 100 2 1.5 0.342
GOOFY (GT);YG GTG TGT GTG TGT GTY G 5 5 100 2 1.7 0.417
JOHN (AG)7-YC AGA GAG AGA GAG AGY C 7 7 100 2 1.5 0.304
M1 CAA-(GA)5 CAA GAG AGA GAG A 7 7 100 2 1.8 0.441
MANNY (CAC)4-RC CAC CAC CAC CACRC 7 7 100 2 1.7 0.402
TERRY (GTG)4-RC GTG GTG GTG GTG RC 10 10 100 2 1.6 0.348
UBC 843 (CT)8-RA CTCTCT CTC TCT CTC TRA 6 6 100 2 1.6 0.376
Total 70 70 100 2 1.7 0.391

Note: R, purine (A or G); Y, pyrimidine (C or T). Number of polymorphic loci by 0.95 criterion, Nei, 1987. PIC: polymorphic information content.

chose the model that has the lowest value of Deviance Information
Criterion (DIC). Spiegelhalter et al. (2002) proposed this method
to choose between alternative statistical models, which takes into
account both how a particular model fits the data as to how many
parameters are required to do it.

A matrix of Nei’s genetic distance was used to cluster the pop-
ulation by the unweighted pair group method with arithmetic
averaging (UPGMA) using SAHN in the NTSYS program (Rohlf,
2000). Node consistency was evaluated by running 1000 bootstrap
replicates using the TFPGA software (Miller, 1997).

In order to test the significant recent decreases in effective size
due to recent colonization, the Bottleneck 1.2.02 program (Cornuet
and Luikart, 1997) was used. This test is based on the principle that
populations that have gone through a severe and recent genetic
bottleneck show a faster reduction in the number of alleles than
in Hg (Nei and Roychoudhury, 1974). The analysis was carried out
on all loci assumed to fit an infinite allele model of mutation (IAM)
(Kimura and Crow, 1964). The significance was assessed using the
Wilcoxon signed rank test, based on 1000 replications

3. Results
3.1. Genetic diversity

The 10 selected primers generated 70 unambiguous and repro-
ducible bands with sizes ranging from 350 to 3000 base pairs (bp).
The number of bands varied from 3 to 11 with an average of 7 bands
per locus (Table 1). The PIC values ranged from 0.305 to 0.464 with

a mean of 0.391, thereby demonstrating the strong discriminatory
power of the markers identified.

We detected high levels of genetic diversity in M. splendens
on fragment-corridor systems (Table 2). The percentage of poly-
morphic loci was 83.2% in the corridors and 89.7% in the forest
fragments. The total genetic heterozygosity (Hr) was 0.39 in the
forest fragments and 0.37 in the corridors (Table 3). The average
heterozygosity obtained with the HICKORY program was 0.33 and
0.35 in forest fragments and corridors, respectively. The average
heterozygosity (Hs) of the forest fragments and corridors was 0.369
and 0.336, respectively. The variance analysis of genetic diversity
between fragments and corridors did not present statistical differ-
ences (Table 2).

3.2. Genetic differentiation

According to the AMOVA analysis, the percentages of genetic
variation within populations of M. splendens were 96.49% in the
fragments and 91.15% in the corridors, thereby indicating that
genetic differentiation was found mainly within fragments and
corridors (Table 4).

Conversely, the population differentiation coefficient (G'st)
showed a significant difference among individuals of M. splendens
in fragments and corridors (Table 3).In the fragments and corridors,
G'st was 0.117 and 0.185, respectively. These values demonstrate
that genetic differentiation among and within populations in frag-
ments contributed to 11.7% and 88.4% of the total heterozygosity,
respectively. In the corridors, the percentages were 18.5% among
and 81.5% within populations.
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Table 2

Genetic diversity indices (mean =+ standard error) for Myrcia splendens (Swartz) de Candolle populations in fragment (F)-corridor (C) system in Minas Gerais State, Southeast

Brazil.
Populations A (ha) L(m) N He Hg I PP (0.95)
F1 1.0 - 33 0.35(+0.16) 0.308 (+£0.026) 0.50 (+0.22) 87.14
F2 7.2 - 31 0.39 (+0.13) 0.338 (+0.021) 0.56 (+0.17) 94.29
F3 11.8 - 30 0.39 (+0.15) 0.347 (+0.021) 0.56 (+0.20) 91.43
F4 7.3 - 38 0.38 (£0.15) 0.323 (+£0.026) 0.55 (+0.19) 91.43
F5 7.8 - 36 0.34 (+0.17) 0.303 (£0.025) 0.49 (+0.24) 84.29
C1 - 367 22 0.30 (+0.19) 0.320 (+0.028) 0.44 (+0.27) 75.71
Cc2 - 648 21 0.33(+0.18) 0.333 (£0.026) 0.48 (+0.25) 81.43
Cc3 - 1039 36 0.36 (+0.14) 0.332 (+0.028) 0.53 (£0.19) 91.43
C4 - 542 25 0.34 (+0.18) 0.348 (+0.028) 0.50 (+0.24) 84.29
aa
Average overall F 35.1 - 168 0.37 (+£0.15) 0.324 (+£0.023) 0.53 (+0.20) 89.71
Average overall C - 2596 104 0.33 (£0.17) 0.333 (+0.025) 0.48 (+0.22) 83.21
aa
FanovaF 1.82 18 - 1.76 " -
FanovaC 1,28 18 - 1.48 "8 -

(A) area of the fragments (ha) and length (m) of the vegetation corridors; population size (N), expected heterozygosity (HE), genetic diversity (HB) by Bayesian approach
(Holsinger et al., 2002), Shannon index of diversity (I), and percentage of polymorphic loci PPL (0.95).

Table 3

Comparison of genetic estimates in Myrcia splendens (Swartz) de Candolle in the fragment-corridor system in Minas Gerais State, Southeast Brazil. Hr, total heterozygosity; Hrg,
heterozygosity based on mean allele frequencies obtained with the HICKORY program; Hs, mean heterozygosity within populations; G’st, coefficient of gene differentiation;

Gsr-, Bayesian analog of Nei's Gst; Nm’ and Nmg, gene flow estimates.

Hr Hrg Hs Gst Gst-B o8 Nm’ Nmg
Fragments 0.39 (+£0.02) 0.333 (£0.023) 0.369 (£0.016) 0.117 0.027 (£0.004) 0.035 (+0.006) 3.76 6.9
Corridors 0.37 (+0.01) 0.353 (+0.025) 0.336 (+0.016) 0.185 0.057 (+0.007) 0.076 (+0.012) 2.2 3.04
Fanova 0.87"s - 2.367™ 9.722° - - 1.28™ -

" P<0.025 complemented with a priorit Bonferroni (Rice, 1989) test; (mean = standard error).

The full model was the most adequate to estimate genetic
divergence (DIC-2788.28). Gsr.g was higher in corridors (0.057) in
comparison to fragments (0.027). However, these values obtained
from the Bayesian approach were lower than those calculated by
Nei's G’st method (Table 3). Likewise, the values of genetic dif-
ferentiation (68) were low for a set of populations. The genetic
divergence supported by the Bayesian approach in the corridors
was approximately double (0.076) that recorded in the fragments
(0.035) (Table 3).

The historical gene flow (Nm) estimated by Nei’s G'st was 3.76
individuals per generation in the fragments and 2.2 in the corri-
dors. Using the Bayesian approach, the gene flow was determined
to be 6.9 migrants in fragments and 3.0 in corridors. No significant
differences among Nm for the set of fragment-corridor systems
were detected (Table 5). In general, gene flow between fragments
was greater than in corridors. The higher estimates of gene flow
were observed between F1 and F5 (Nm’=11.04 and Nmg=31.00)
and the lower between F3 and F5 (Nm’=3.62 and Nmg =2.83) for-
est fragments. The average gene flow was approximately twice
as high in fragments (Nm’=7.00 and Nmg=10.41) than in corri-
dors (Nm’=3.50 and Nmp =3.17). According to the variance analysis
adjusted with the t Bonferroni test (P<0.001, Fanova =2.37), Nm was
higher between fragments F1 and F5 (11.04) than F1-F3 (4.15) and
F4-F5 (7.35) (Table 5). The remaining values were not statistically

Fig. 2. Proportion of contribution of gene flow of system Myrcia splendens (Swartz)
de Candolle in the regional landscape of a fragment-corridor in Minas Gerais State,
Southeast Brazil.

different. Fig. 2 shows the proportion of contribution of gene flow
among fragments.

The estimated Nei’s genetic distance was 0.06 in the corridors
and 0.033 in the fragments (Table 6). The smallest value of genetic
distance in the corridors was 0.016 (C2-C3). These corridors con-
nect fragments F2-F3 and F3-F4, respectively. The greatest genetic
distance (0.106) was between corridors C1 and C4, which connect
fragments F1-F2 and F4-F5, respectively. The highest genetic dis-
tance was between fragments F3 and F5 (0.061) and the smallest
was between F1 and F5 (0.015).

The UPGMA data based on Nei's (1978) unbiased genetic
distance matrix revealed a similarity of 92.5% to 98.5% among

Table 4
Analyses of molecular variance (AMOVA) for Myrcia splendens (Swartz) de Candolle in the fragment (F)-corridor (C) system in Minas Gerais State, Southeast Brazil, based on
70 ISSR markers.
Source of variation d.f Sum of squares Variance components (%) Total variance P
F C F C F C F C F C
Among populations 4 3 88.48 81.72 0.36 0.76 3.51 8.85 <0.0001 <0.0001
Within populations 163 100 1623.71 782.45 9.96 7.82 96.49 91.15 <0.0001 <0.0001
Fsr fragments 0.035
Fst corridors 0.088
Fst overall 0.075

d.f.=Degree of freedom.
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Table 5

Estimates of gene flow Nm’ based on the Nei statistic (Gsr) and estimation of gene flow NmB based on the Bayesian statistic (colored in gray) between fragments (F) and
fragments vs. corridors (C) in Myrcia splendens (Swartz) de Candolle in Minas Gerais State, Southeast Brazil.

F1 F2 F3 F4 F5 C1 c2 c3 c4
F1 4.56 3.22 9.36 31 2.02 2.08 2.11 3.78
F2 5.07 16.41 13.63 4.37 2.55 3.42 2.62 9
F3 415 9.43 9 2.83 1.57 2.15 1.96 4.37
F4 7.42 9.71 7.63 9.75 243 3.22 2.69 6.5
F5 11.04 4.56 3.62 7.35 2.17 2 1.9 4.85
C1 2.45 2.64 1.84 2.69 2.8 Average of Nm’ in F 7
C2 2.86 3.69 2.6 3.65 2.9 Average of Nm’ in FxC 3.5
c3 3.11 3.6 2.9 3.77 3.08 Average of Nmg in F 10.41
c4 4.64 5.21 438 6.06 5.31 Average of Nmg in FxC 317

" P<0.001, Fanova =2.37, F test completed by Bonferroni test.

Table 6

Estimates of Nei's genetic identity (above diagonal) and genetic distance (below diagonal) between corridors and fragments of Myrcia splendens (Swartz) de Candolle in Minas

Gerais State, Southeast Brazil.

Populations C1 c2 c3 c4 F1 F2 F3 F4 F5
1 0.965 0.959 0.898 0.918 0.922 0.889 0.923 0.928
c2 0.035 0.983 0917 0.928 0.944 0.919 0.943 0.929
c3 0.041 0.016 0.926 0.93 0.938 0.923 0.941 0.929
C4 0.106 0.086 0.076 0.957 0.961 0.953 0.967 0.962
F1 0.085 0.074 0.072 0.043 0.959 0.948 0.973 0.985
F2 0.08 0.056 0.063 0.038 0.041 0.981 0.981 0.954
F3 0.117 0.084 0.079 0.047 0.052 0.018 0.974 0.94
F4 0.079 0.058 0.06 0.033 0.026 0.018 0.026 0.973
F5 0.074 0.073 0.072 0.037 0.015 0.047 0.061 0.027
|: Indeed, these two fragments are the only ones receiving just one
corridor (see Fig. 1).
= " Forest fragmentation of the studied area occurred approxi-
" mately 200 years ago, and the effect of this process may not

Fig. 3. UPGMA dendrogram of sampled Myrcia splendens (Swartz) de Candolle
populations in the fragment-corridor system based on Nei’s genetic identity. The
numbers above the nodes indicate the consistency after 1,000 permutations.

populations (Fig. 3). Two clusters exhibit above 96% similarity,
with the first being composed of three corridors (C1-C3), and the
second being composed of five fragments (F1-F5) and corridor C4.
Mantel tests provided no evidence for correlation between geo-
graphic distance and genetic structure (r=0.057, P=0.436). The
bottleneck analysis procedures revealed a genetic bottleneck effect
in the history of M. splendens, exhibiting excessive heterozygosity
and a deficiency ratio of 65/5 (P<0.001).

4. Discussion
4.1. Genetic diversity

The present study provides estimates of genetic diversity of the
neotropical tree M. splendens in a fragment-corridor system. High
levels of genetic diversity in the M. splendens populations were
observed in fragments (Hr =0.39) and corridors (Hr=0.37). These
values were higher than the overall value (Hy=0.22) from a com-
pilation of a set of ISSR-based studies of various angiosperm and
gymnosperm taxa (Nybom, 2004).

In natural population studies, the percentage of polymorphic
loci has been used as a measure of genetic diversity (Alexanderetal.,
2004; Ge and Sun, 2001; Xia et al., 2007). Fragments F1 (87.1%) and
F5 (84.2%) were the fragments with the lowest proportion of poly-
morphic loci, with F1 being the smallest of the fragments (1.0 ha),
and F5 being one of the most disturbed, mostly by cattle-raising.

be reflected in the studied parameters because of the longevity
of specie. However, the vegetation corridors in the landscape
interconnecting the populations are of great importance for the
maintenance of diversity. In this same corridor-fragment sys-
tem, Vieira and Carvalho (2008) observed similar genetic diversity
indices for the tree Protium spruceanum (Burseraceae), with diver-
sity being higher in the fragments (average of 0.454) than in the
corridors (average of 0.410). The authors suggested that the high
number of reproductive individuals in the fragment allowed a high
degree of recombination and multiple paternities, thereby favor-
ing an increase in genetic diversity indices as functions of the
increase in reproductive rate, as discussed in Franceschinelli and
Bawa (2000) and van Treuren et al. (1993).

Genetic studies on populations of M. splendens not connected by
corridors to check the dynamics on populations of specie, as well as
studies of progenies, are important to determine whether genetic
diversity is being maintained throughout generations. Indeed, stud-
ies of reproductive biology and phenology of M. splendens in this
corridor-fragment system, in addition to genetic diversity param-
eters, will provide significant information for the conservation of
this species.

4.2. AMOVA

We found that M. splendens populations across
fragment-corridor system in Minas Gerais State, Southeast
Brazil, were characterized by high genetic variation but low
genetic differentiation (overall Fsy=0.075). Estimates of genetic
differentiation among outbreeding species obtained by dominant
marker data and calculated through AMOVA are 28% on average
(Nybom and Bartish, 2000). Vieira and Carvalho (2008) found
similar levels of genetic diversity in Protium spruceanum (overall
Fst=0.028) in this same fragment-corridor system. Our results
are similar to those of other tropical outbreeding trees species
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with long-life spans in which the major proportion of the genetic
diversity is found within natural populations (Apte et al., 2006;
Loveless and Hamrick, 1984; Nybom, 2004; White et al., 1999).
As expected, M. splendens showed low genetic diversity among
fragments. Genetic divergence among populations is reduced with
the increase of gene flow via pollen and/or seeds.

4.3. Genetic differentiation

Gene exchange among fragments connected by vegetation cor-
ridors should be higher than those that are not. In this study, the
Nm values were 3.7 in the fragments and 2.2 in the corridors. The
gene flow values obtained by the Bayesian approach were higher
than four migrants per generation among the fragments (6.9). Gene
flow (Nm) higher than 4.0 migrants per generation is enough to
counteract the effects of genetic drift (Slatkin, 1987; Wright, 1951).
Furthermore, according to some authors (Mills and Allendorf, 1996;
Wang, 2004) 1.0 to 10 migrants per generation among forest frag-
ments can prevent the effects of mating of related individuals.
When there is an effective gene flow among populations, homog-
enization of alleles occurs among them, and the population thus
becomes panmictic (Hartl and Clark, 1997). Although fragments F1
and F5 are not connected directly by corridors, the results show that
these fragments are not completely isolated. Besides, all fragments
contributed significantly to gene flow, reinforcing the functionality
of vegetation corridors for gene flow and, therefore, their impor-
tance in fragmented landscapes. In fact, no evidence of spatial
genetic structuring in M. splendens has been observed in the pri-
mary formations (F1-F5) and in the vegetation corridors (C1 and
C2), indicating that the genotypes are randomly distributed in this
corridor-fragment system (Branddo et al., 2011). It is important to
highlight that the gene flow estimated here reflects historic flow
resulting in the genetic structure patterns observed to date. Other
kinds of sampling, such as progeny and paternity analysis, can help
us better understand contemporary gene flow in the studied land-
scape.

Above all, the high levels of Nm can be due to, among other
factors, the species’ large population size in the fragments and cor-
ridors and the efficiency of the dispersal of seeds and pollens. In fact,
movement of wildlife can be seen in these corridors, illustrating the
importance of fauna studies in this regional landscape. Besides, the
levels of Nm in the species can be related with the fact that trees
occur mainly at the edge of fragments and corridors (Fig. 1), which
may favor the dispersion of seeds and pollens by animals (Smouse
and Sork, 2004).

4.4. Genetic distance

In general, genetic distances were lower in interconnected
fragments, except for corridor C1, which exhibits the smallest
genetic distance to fragment F5 (0.074). Corridor C2 (interconnect-
ing F2-F3) was least genetically distant to fragment F2 (0.056).
Corridor C3 (connecting F3-F4) presented a low genetic distance to
F4 (0.06). Corridor C4 had the smallest genetic distances with the
fragments it interconnects, F4 (0.033) and F5 (0.037). Ours results
indicate that the colonization of the ditches that originated the
corridors possibly occurred from seed dispersion from the nearest
fragments.

The results shown in Fig. 3 indicate a tendency of grouping
according to the origin of populations (fragments and corridors).
The vegetation corridors, possibly secondary forest formations, are
grouped separately from the fragments, which are primary forest
formations with the exception of corridor C4. This corridor pre-
sented high indices of gene flow among the five fragments (Table 5).
The absence of correlation between geographical and genetic dis-
tances for M. splendens among fragments can be explained by the

low genetic divergence among the fragments (Table 6) that exhibit
high levels of gene flow.

4.5. Implications for conservation

Information on population genetics is an important tool for the
conservation of forest fragments. These studies focus on the genetic
conservation of species, as well as how the genetic diversity of
populations could be affected by habitat fragmentation and loss
of habitat (Jump and Penuelas, 2006; Lowe et al., 2005; Ortego
et al., 2010; Young and Clarke, 2000). There is no clear information
regarding the history of fragmentation in the studied area and the
colonization of the ditches that gaverise to the vegetation corridors.
Habitat fragmentation is relatively recent in the region and thus
may have not yet affected the measured genetic diversity indices
in the populations of M. splendens. However, the vegetation cor-
ridors interconnecting the remaining forest fragments are highly
important in the landscape, due to their role in gene interchange
among fragments, thereby minimizing the impacts of fragmenta-
tion. This genetic interchange among fragments can explain the low
differentiation among the populations.

The vegetation corridors’ role as a means for fauna movement,
seed dispersion and gene interchange is a line of study that has
been elucidated by many researching groups (Kirchner et al., 2003;
Levery et al., 2005; Tewksbury et al., 2002; Vieira and Carvalho,
2008). As shown in this study, the conservation of these elements
in the regional landscape is important for the conservation of M.
splendens populations.

New studies describing the reproductive biology of M. splendens
in association with genetic studies of other species with different
pollination and dispersal systems should be undertaken to further
knowledge of the dynamics of this regional landscape. Ecosystem
management of these fragments is linked to the gathering of infor-
mation concerning species with distinct ecological characteristics.
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