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Abstract

Habitat fragmentation and the creation of so-called
edge effects may have different implications on flora and
fauna, including complex genetic responses. This study
aimed to analyze the genetic diversity in a local popula-
tion of the shade tolerant tree Trichilia elegans A. Juss
(Meliaceae), with emphasis to the evaluation of genetic
variation towards an edge-interior gradient. The results
of isoenzymes assays showed that the edge subpopula-
tion experienced the highest allele loss, while fixed alle-
les increased towards the interior. The total polymorphic
loci percentage was 76.67%, being higher in the Middle
subpopulation, whilethe average sample size for a locus
(N) and the mean number of alleles for a locus (Na) were
significantly lower in the Edge subpopulation. The
indices Ho, He and f showed good heterozygosity in the
total population, indicating high genetic variability. The
genetic distance Fst and Nm followed the same pattern,
with Middle and Interior subpopulations showing higher
similarity and the Edge as the farthest one, also show-
ing less gene flow in relation to the others. Principal
Coordinates Analysis (PCoA) allowed us to separate the
three subpopulations with the first two axes explaining
65% of total variation, confirming that forest fragmenta-
tion affects the genetics of Trichilia elegans within the
analyzed fragment.

Key words: Isoenzymes, habitat fragmentation, allele frequen-
cy, gene flow, araucaria forest.

Introduction

Throughout the last five centuries Brazilian Atlantic
forest has been exploited and destroyed by timber trade,
agriculture and urban expansion (SCHWARCZ et al.,
2010). In these sense, the habitat fragmentation and the
creation of so-called edge effects may have several impli-
cations on fauna and flora, which varies according to life
histories and regeneration modes (SUGIYAMA and PETER-

SON, 2013). The genetic implications may be complex
(RIVERO-GUERRA, 2008; SHAPCOTT et al., 2008; ANDRADE

et al., 2009), including rare alleles loss, increased
inbreeding (VRANCKX et al., 2012) and reduced reproduc-
tive fitness (FINGER et al., 2011), leading to genetic dif-
ferentiation in subpopulations created by fragmentation
(FINGER et al., 2012). 

The landscape surrounding the fragments exerts
influence upon the responses to the forest fragmentation
(SCHWARCZ et al., 2010). To insect-pollinated species,
habitat fragmentation plays a negative role by restrict-
ing insect movement, while for wind and self-pollinated
species, fragmentation may increase the abundance
(KOLB and DIEKMANN, 2005). Regarding plant dispersal,
zoochoric species are more likely to be negatively
impacted by fragmented landscapes than species with
abiotic dispersal, which in general tends to increase
their abundance these habitats (TERBORGH et al., 2008).

Meliaceae has a pantropical distribution with near
100 native species from Brazil. Among the genera occur-
ring in Brazil, Trichilia includes several species of
understory tree, shade-tolerant, typical from Atlantic
seasonal (SOUZA and LORENZI, 2005), Araucaria mixed
(BARDDAL et al., 2004) and Atlantic rain forests
(OLIVEIRA-FILHO et al., 2006). The Trichilia elegans
A. Juss. is a common component of seasonal forests, that
occurs from Venezuela to Uruguay. This specie is shade-
tolerant and shows zoochoric dispersion (LEHN et al.,
2008), which make it susceptible to the fragmentation
and the edge effects as well can have negative impact to
its genetic conservation (MOURA et al., 2012). 

High levels of genetic diversity is quite essential to
biodiversity maintenance in forest remnants (BOYLE,
2000). In these sense, understanding how fragmentation
affect the genetic profile of plant populations is an
important tool for conservation species. In this work we
investigated the effect of edge gradient upon genetic
diversity of Trichilia elegans (Meliaceae) using the
isoenzymes profile. 

Our hypothesis is that fragmentation produced by
agricultural activity provokes alterations on the struc-
ture and phytosociology of forest fragments, generating
the typical characteristics of edge effect that includes
changes in the composition of pollinators and dispersing
agents (HONNAY et al., 2002; GONZALEZ et al., 2010). This
situation has a negative effect upon pioneers species
with zoochoric dispersion (as T. elegans). As conse-
quence, these species can have loss of genetic variability,
by reduction of genic flow, especially in allogamous
plants. 
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Materials and Methods

We conducted our study at the “Parque Natural
Municipal of Sertão”, a 590 ha conservation unit, located
in northern Rio Grande do Sul (Brazil) (central point
coordinates 28°02’31“S, 52°13’28“W). The area has a
sloped landscape with an altitude of approximately
650 m. Subtropical regional climate shows mean annual
temperature of 17.6°C, with mean annual rainfall of
1,900 mm well-distributed throughout the year. Typical
vegetation is an Atlantic Forest Domain extension
(OLIVEIRA-FILHO et al., 2006) with a transition between
seasonal semideciduous and Mixed Araucaria rain
forests (BUDKE et al., 2010).

This conservation unit is inside of an agricultural
matrix, characterized by presence of soybean, corn and
wheat, since 60 years ago. The area not presents eco -
logical corridors linked to other green areas with signifi-
cant size. The edge of this fragment contains wealth of
tree regenerate components, with great proportion of
both pioneers and invasive species, and a visible reduc-
tion on the height and diameter of adult plants in rela-
tion to the population located at the interior of the frag-
ment. 

T. elegans was choice to this study because it is an
allogamous plant, has zoochoric dispersal and is abun-
dant in all the extension of edge-interior gradient ana-
lyzed. Due the time elapse from fragmentation, only
regenerating samples were analyzed, since the adult
plants can be reaming of the period previous to the frag-
mentation. 

Samples of 90 regenerating T. elegans plants (height ≥
1.0 m and diameter at ground height ≤ 4.7 cm) were col-
lected along a 450 m transect across an edge-interior
gradient. Three sampling units (different representative
transects) were plotted into each of three groups, also
considered as subpopulations: Edge – E (located in the
first 50 m starting at the edge), Middle – M (starting
150 m away from the E group) and Interior – I (starting
150 m away from the M group). In each one of 3 sam-
pling units of different subpopulations, plant collections
began from the center of each sample with five (05)
plants to the right side of the transect and five (05) to
the left, parallel to the forest edge and with 10 m dis-
tance among collected plants.

All collected material was kept in liquid nitrogen
before being stored in an ultra-freezer (–85°C). Enzyme
extractions were performed using approximately 1 g of
leaf tissue.mL–1 of extraction solution 1 (ALFENAS et al.,
1998), adding approximately 150 mg of PVP-40 during
grinding for removal of phenolic compounds and to
increase their stability.

Solution preparation and procedures for developing
and staining followed the method of ALFENAS et al.
(1998). A vertical double vat was used for electrophore-
sis to which was applied 50 µL of sample plus 3.5 µL of
TA (0.4 g.mL–1 sucrose + 0.0025 g.ml–1 bromophenol
blue). The enzymes were separated on 12% polyacry-
lamide gels in 1.5 M Tris-HCl as a buffer solution, with
pH 8.8 for the running gel and pH 6.8 for the stacking
gel. The buffer appliedin the tank and electrodes was
the Tris-glycine (14 g.L–1 glycine + 3 g.L–1 Trisma base)

with pH 8.9, diluted 10 times. The electric current for
the electrophoretic run was 220 V and 40 mA.

Thus, we applied six isoenzyme systems (Aconitase
(ACO) EC-Enzyme-Code 4.2.1.3, alcohol dehydrogenase
(ADH) EC-1.1.1.1, malic enzyme (ME) EC-1.1.1.40, glu-
cose dehydrogenase (GDH) EC-1.1.1.47, superoxide dis-
mutase (SOD) and EC-1.15.1.1 sorbitol dehydrogenase
(SDH) EC-1.1.1.14). Result analyzeswerebased on the
presence, sharpness, number and location of bands.

For data analysis, we calculated the allele frequencies,
genetic diversity indices [percentage of polymorphic loci
(P), apparent number (Na) and effective number (Ne) of
alleles per population, heterozygosity observed (Ho) and
expected (He) (NEI, 1973), genetic divergence of Wright

Table 1. – Allele frequencies in 20 allozyme loci into three sub-
populations of Trichilia elegans A. Juss. the Araucaria Forest
fragment, southern Brazil.

E– Edge; M– Middle; I – Interior.
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(Fst), gene flow (Nm) and genetic distances (NEI, 1972)
by using the GenAlEx 6.4 software (PEAKALL and
SMOUSE, 2006). The analysis of molecular variance
AMOVA and Principal Coordinates Analysis (PCoA)
were generated by the same program.

Results

From the six isoenzyme systems analyzed in the sub-
populations of T. elegans, were generated 27 loci, 20 of
which were able to interpretation and present 36 differ-
ent alleles. Results about allele frequencies are summa-
rized in Table 1, which shows that this parameter was
not different between subpopulations M and I, but some
allele losses and fixation were identified. In subpopula-
tion E, five alleles were lost (SDH-3, GDH-4, GDH-6,

and 2 SOD-1)and only one allele was lost in subpopula-
tionM (SDH-3), while the allele 2SOD-1 was lost in sub-
population I. The subpopulation I had higher allele fixa-
tion (05) and an exclusive allele (1 SDH-3),while M and
E have 03 and 01 fixed alleles, respectively. The M sub-
population also showed one exclusive allele (2 SOD-1).

The estimated genetic variability for the three subpop-
ulations is shown in Table 2. The percentage of total
polymorphic loci was 76.67%, with higher polymorphism
in the M subpopulation. The average number of appar-
ent alleles (Na) per loci was lower in the E subpopula-
tion with 1.55 and equal in subpopulations M and I. As
for the effective number of alleles (Ne), the values were
slightly lower than Na with 1.50, 1.71 and 1.69, respec-
tively for E, M and I subpopulations.

The three subpopulations showedhigh rates of
observed heterozygosity (Ho), and almost double the val-
ues expected for heterozygosities under Hardy-Weinberg
equilibrium (He). Ho was equivalent in the E and I sub-
populations (0.67) and lower as compared with M sub-
population (0.76) (Table 3).

The genetic distances (NEI, 1972) and the rate of
genetic divergence among populations (Fst), showed the
same pattern, with subpopulation I closer to M and both
divergent from E. The estimated gene flow (Nm) values
were around one (01), featuring sufficient gene flow
between three subpopulations, which is higher between
M and I, following the same pattern showed by Fst.

Regarding to molecular variance, AMOVA revealed
that most variation is located among subpopulations
(60%) and the lowest part is encountered inside them
(40%). Consistent with all other results, Principal Coor-
dinates Analysis (Fig. 1) split all three subpopulations
according to the distance from edge-interior gradient,
with 65% of total variance explained into the first two
ordination axes.

Discussion

Direct analysis of subpopulations to study allele fre-
quencies is of paramount importance because some
parameters commonly used in genetic variability inter-
pretation may not clearly demonstrate allele loss

Table 2. – Genetic diversity indices in three subpopulations of
Trichilia elegans A. Juss., in edge-interior gradient the Arau-
caria Forest fragment in southern Brazil.

N=average sample size per locus; Na=average number of alle-
les per locus, P=polymorphic loci percentage, Ho=average
observed heterozygosity, He=expected heterozygosity values
f=Index Fixation; ± = standard error.

Table 3. – Genetic divergence index (Fst), Nei’s genetic distance
and estimated values of gene flow (Nm) between subpopula-
tions of Trichilia elegans A. Juss. considering a edge-interior
gradient of a Araucaria Forest fragment in southern Brazil.

Figure 1. – Principal Coordinates Analysis of three Trichilia
elegans A. Juss. subpopulations in an edge-interior gradient
inside a Araucaria Forest fragment, southern Brazil.
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(BOTREL and CARVALHO, 2004). In our study, allele fre-
quencies differed from E in relation to M and I subpopu-
lations of T. elegans. The E subpopulation showed high-
er allele loss, while the number of fixed alleles increased
toward M and I subpopulations. These results are in
according with the hypothesis of the negative edge effect
upon genetic variability due loss of rare alleles
(VRANCKX et al., 2012). The observed changes in allele
frequencies among subpopulations may be indicative of
initial genetic drift, as evidenced in edge gradient analy-
sis, as well encountered in other fragmented areas that
have modified pollen dispersal (KLEIN et al., 2008;
ISMAIL et al., 2012). This phenomenon may occur by
migration, which alters the allele frequencies in the pop-
ulation by introducing alleles from other ones (BOTREL

and CARVALHO, 2004). We found only two exclusive alle-
les, in two different subpopulations, which are not
indicative of progressive genetic erosion for the species
(RUSCHEL et al., 2008). In any case, we emphasize the
importance of the preservation of the entire T. elegans
local population, because the maintenance of greater
number of exclusive alleles is related to higher genetic
diversity (ISMAIL et al., 2012).

The lowest values of average sample size per locus (N)
and average number of alleles per locus (Na) found for
the E subpopulation (Table 2) reinforce the idea that
edge effect is acting on the T. elegans population.
BOTREL et al. (2006), with similar analysis in two popu-
lations of Calophyllum brasiliense Camb. (Calophyl-
laceae) found similar amounts of Na and suggested that
such values are quite low, which agreesto our hypothesis
of marked allele loss at E subpopulation.

A low effective population size is one of potential caus-
es of heterozygote excess (REYES-ZEPEDA et al., 2013),
shown by fixation index f within subpopulations (nega-
tive values). A high heterozygosity in allogamous species
as T. elegans, is of great value to the specific evolution,
since it allows to several genotypic recombinations,
which contributes to genetic variability (BOTREL and
CARVALHO, 2004; SOUZA et al., 2004). Heterozygosity is
favored by natural selection acting in order to avoid the
genetic drift effects (REYES-ZEPEDA et al., 2013).

The high rates of heterozygosity observed from all
subpopulations suggest that, in general, the local popu-
lation of T. elegans has a good evolutionary adaptive
potential due to high genetic variability, enabling a
large number of new genotypic combinations (SEBBENN
et al., 2000).

The levels of genetic variation found in this study
were higher than those found for other understory tree
species. HAMRICK and LOVELESS (1986) found a He of 0.13
and P of 32.2% in Psychotria tenuinervis (Rubiaceae).
RAMOS et al. (2010) studied a local Psychotria tenuin-
ervis population and found a He of 0.35 and P of 71% for
plants near the anthropogenic edge (50 m) and a He of
0.25 and P of 50% for plants of this population inside
the fragment (200 m from the edge). 

Recently it has been argued that several genetic stud-
ies of plant populations in fragmented locations found
no decrease in genetic variability (KRAMER et al., 2008).
However, in this study, it was found that the edge effect,

resulting from habitat fragmentation, at least, caused
variation in the genetic variability of all subpopulations,
since most of the indices of diversity, genetic distance
and divergence were influenced by the edge-interior gra-
dient.

The divergence index Fst is used both to observe the
proportion of genetic variability found among popula-
tions and to measure the frequencies of homozygous
genotypes compared to heterozygotes (YANG et al., 1996;
MATIOLI, 2001). By the Fst index, we found that the E
subpopulation has a divergent structure of moderately
high shape for the other subpopulations, since the
observed values were between 0.15 and 0.25. This sce-
nario configures a frame initial differentiation of genetic
variability in the proportions found among subpopula-
tions (ZUCCHI et al., 2004). The genetic distances of Nei
repeat the same Fst pattern, and even if they are consid-
ered relatively low values (YEH, 2000) they vary such
that as the larger the proximity of the edge forest and
distance between subpopulations, the greater the genet-
ic distance between them.   

High genetic divergences indicate, in principle, lower
levels of gene flow (MORAES et al., 2005). Nm is an esti-
mate of gene flow based on Fst and refers to the number
of migrants per generation, but gene flow is not neces-
sarily equal to Nm. So, Nm>1 is equivalent to great
gene flow, able to prevent genetic differentiation by drift
or natural selection, because it acts by homogenizing a
spatial genetic variation (HAMRICK and NASON, 2000). If
Nm<1, chances of genetic differentiation occurrence
between populations are larger (TREMBLAY and ACKER-
MAN, 2001). In this sense, the estimated values of gene
flow found in Trichilia elegans indicate that genetic dif-
ferentiation in the subpopulations analyzed is being pre-
vented. However, even though a few meters away from
each other, the lower gene flow between plants fromedge
to the others analyzed areas was clear, showing that,
with the advance in edge gradient to the interior, the
gene flow rates are higher, confirming the edge effect on
the genetics of the analyzed population.

Factors such as the population size, inbreeding, limit-
ed dispersal of pollen and seeds and, therefore, fall in
the gene flow levels, reduce the variability within the
population via genetic drift and thereby contribute to
the development of genetic heterogeneity among popula-
tions (HAMRICK and NASON, 2000; ZANETTINI and CAVALLI,
2003). The highest percentage of molecular variance
found between subpopulations studied corroborate this
assertion.

The Principal Coordinates Analysis clearly shows the
edge effect derived from the habitat fragmentation, act-
ing as specifically as possible, influencing the genetic
diversity of the Trichilia elegans local population. Final-
ly, the results confirm the negative effect of forest frag-
mentation on genetic variability towards the edge-inte-
rior gradient.
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