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ABSTRACT

Forest fragmentation causes strong impacts on ecosystems and biodiversity, including changes on the genetic structure of populations. We
employed isozyme polymorphism to assess the impact of fragmentation on the genetic structure of Tapirira guianensis populations in four
Atlatinc Rainforest remnants in Pernambuco, Brazil, two small and two large, each population being represented by 31 plants. Isozyme
diversity was analyzed at 10 loci that had bands with clean resolution. The isozymes polymorphism (P) was 100% and the average of
alleles per locus (4) ranged from 2.7 to 3.0. Average observed (H,) and expected heterozygosity (H, = gene diversity) revealed high
genetic diversity. Average inbreeding indices were high among populations (#;7=0.264) and within populations (¥;5=0.215). Individually,
inbreeding rates were very high in smaller populations. The differentiation between populations was low (Fg;=0.071) and the estimated
average of gene flow (IV,,) among populations was 2.45. Analyzing populations by couple, gene flow was observed to be insufficient to
avoid long-term differentiation between some fragment pairs. Results indicate that fragmentation has altered the genetic structure of small
populations of 7. guianensis from the effect of inbreeding and restricted gene flow. Therefore, these populations require special attention

in order to avoid significant changes in their genetic structure.
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INTRODUCTION

The process of fragmentation transforms large sections of
an ecosystem into numerous smaller and isolated patches

embedded within a matrix (Young et al. 1996; Fahrig 2003).

This fragmentation generally has a negative effect on the
local biodiversity due to a loss and reduction of habitat
(Pinto and Brito 2003; Jacquemyn et al. 2003; Pinto et al.
2004; Torezan et al. 2005). The genetic consequences of
fragmentation are mainly related to the loss of genetic di-
versity, with the effects of allele fixation normally being
noted some generations after the fragmentation (Murcia
1995; Young et al. 1996; Jordan et al. 2003) including a re-
duction of the adaptive potential of many species.

Forest fragments are generally vegetation patches that
were not originally cut, but they may also be composed of
areas that have undergone regeneration. These patches can
constitute important refuges of biodiversity, although most
are quite small and are often ignored in terms of their con-
servation value (Viana et al. 1998). Fragmentation tends to
have different effects on different species and can be com-
pounded by interactions with other species that were like-
wise impacted in the fragmentation process (Viana et al.
1998; Ribas and Kageyama 2004). Nonetheless, established
parks and reserves account for less than 10% of the natural
vegetation cover in tropical ecosystems (Gradwohl and
Greenberg 1991), and studies investigating the genetic popu-
lation structure of the species in remnant areas will be fun-
damental to viable conservation strategies, sustainable de-
velopment, and preservation (Kageyama et al. 1998; Seb-
benn et al. 2003).

Numerous studies investigating the genetic structure of
arboreal species in tropical areas have been undertaken
using isozyme polymorphism techniques (Loveless 1992;
Liengsiri ef al. 1995; Lepsc-Cunha et al. 1999; Oliveira et
al. 2002; Moraes et al. 2002; Sebbenn et al. 2003). This
methodology has been employed in many studies to exa-

mine the consequences of fragmentation on tropical species
(Seoane et al. 2000; Souza et al. 2004; Pinto et al. 2004;
Ribeiro et al. 2005). Studies of isozyme polymorphism
allow investigators to examine not only the genetic struc-
ture and variability of a population, but also to estimate
gene flow between populations and make inferences con-
cerning reproductive processes (Hamrick 1983). Gene flow
(N,,) estimated from measures of genetic differentiation
among populations (for example Fgr) is classified as an
indirect investigative method (Slatkin 1985), generating
data can determine if genetic drift alone is sufficient to pro-
duce the genetic differentiation observed among popula-
tions (Slatkin and Barton 1989).

Tapirira guianensis Aubl. is an arboreal species within
the family Anacardiaceae, being widely distributed on
humid lowland areas in Central and South America (Guari-
guata 1999). This species is perennial, typically found on
flatlands and secondary formations with humid soils such as
drainage basins and river banks, and produces fruits that are
much sought after by the general fauna (Oliveira Filho and
Ratter 1995; Silva Junior et al. 1998; Lorenzi 2002). The
tree is heliophilous, demonstrating rapid growth and deve-
lopment, and a good capacity for regeneration, making it
widely used in heterogeneous reforestation projects (Joly et
al. 2001; Lorenzi 2002).

According to Oliveira-Filho and Ratter (2001), 7. guia-
nensis is widely distributed throughout Brazil, often being
one of the most important species in the arboreal and rege-
nerative layers of forest formations and riparian forests in
the southeastern part of that country (Rodrigues and Nave
2001; Pinto et al. 2005) as well as in the Cerrado (Brazilian
savannah) and riparian forests of the central plains (Antunes
and Ribeiro 1999). In northeastern Brazil, this species is an
important component of the upper canopy in the lowland
forests of Pernambuco State and adjacent areas (Siqueira et
al. 2001; Ferraz et al. 2004) and is greatly used by the local
human populations living near remnant forests (Cunha and
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Albuquerque 2006).

T. guianensis is dioecious and is pollinated principally
by insects (Oliveira Filho and Ratter 1995; Lenza and Oli-
veira Filho 2005). Panmixia is very common in dioecious
plants and as self-fertilization is not possible in these plants,
endogamy can only occur by crossing between closely re-
lated individuals in a given population. Due to the peculiari-
ties of its biology, its wide distribution and great abundance
on the South American continent, and as a result of its
being panmictic, this species can serve as a model for stu-
dies of fragmentation on the structure of native plant popu-
lations. The present work was therefore designed to exa-
mine the effects of fragmentation on the diversity and gene-
tic structure of populations of 7. guianensis in the Atlantic
Coastal Forest of Pernambuco State, Brazil, through the
analysis of isozyme polymorphism.

MATERIALS AND METHODS

The populations of 7. guianensis examined were growing in rain-
forest fragments at the Usina S@o José sugarcane plantation. This
property covers approximately 247 km? and most of it is located
within the county of Igarassu, Pernambuco State (PE), Brazil (Fig.
1), between the geographical coordinates 07°41'04.9"-07°54'
41.6"S and 34°05'17.6"-35°05'07.2"W. Geologically, the area pre-
dominately occupies the Barriers Group, of plio-pleistocene age,
composed of non-consolidated sandy-clay sediments of continen-
tal origin. The landscape is dominated by “tabuleiros”, which are

generally flat plains occasionally cut by deep and narrow water
courses with steep slopes (usually greater than 30%), and the re-
gion is intensively used in cultivating sugar cane (CPRH 2003).

The genetic material used in this study consisted of samples
taken from four populations (forest fragments), these being: two
small areas, the Santa Helena Forest (SHF) and the Pezinho/ Cér-
rego da Foice Forest (CFF) with areas of 11.85 and 27.12 ha,
respectively; and two larger forest fragments, the Macacos Forest
(MF) and the Piedade/Sao José Forest (SJF), with areas of 356.92
and 305.78 ha, respectively. The distances between the forests,
based on measurements derived from satellite images, vary from 8
km between SHF and CFF to 0.445 km between CFF and MF (Fig.
1).

Thirty-one adult individuals (with diameter at breast height
greater than 5 cm) were sampled in each of the four areas, for a
total of 124 plants sampled. Collections were undertaken along the
border of the forests as well as in their interior to assure an even
representation of the populations within the fragments. For each
plants, young leaves were collected stored in plastic sacks and
kept in ice coolers for transport to the Genetics Laboratory of the
Department of Biology of the Federal Rural University of Pernam-
buco, where they were then stored at -80°C. Enzymes were extrac-
ted from all samples in 1 ml of extraction buffer Ne 1, according to
the methodology developed by Alfenas et al. (1998).

The isozymes were separated by horizontal electrophoresis on
13% starch gel (Penetrose 30). The gel/electrode buffer systems
used were TC (Tris Citrate, pH 7.5), TCB (Tris Citrate Borate, pH
7.5), and LB (Lithium Borate, pH 8.5). After running, the electro-
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phoresis plates were removed and sliced, the slices being subjected
to staining for the specific enzymes examined according to the me-
thodology established by Alfenas et al. (1998).

A total of 12 enzyme systems were initially tested and, of
these, ten were selected for detailed examination because they pre-
sented loci and alleles with resolutions that facilitated interpreta-
tion: acid phosphatase (ACP), peroxidase-1 (PO-1), peroxidase-2
(PO-2), glutamate oxaloacetate transaminase (GOT), catalase-1
(CAT-1), catalase-2 (CAT-2), alcohol dehydrogenase (ADH), alka-
line phosphatase (ALP), alpha-esterase (o-EST) and glucose dehy-
drogenase (GLUDH). The interpretations of each enzymatic sys-
tem were performed according to techniques described in detail in
the literature (Alfenas et al. 1998; Oliveira et al. 2006).

The genetic diversity was quantified for allele frequencies and
diversity indexes as expected (H,) and observed (H,) heterozygo-
sity, percentage polymorphic loci (P) and average number of
alleles per locus (4). The fixation index was estimated according
to F-statistics (Wright 1965). A Chi-square test was used for to test
the deviations of Hardy-Weinberg for each studied loci in each po-
pulation. All these estimates were obtained using BIOSYS 1 soft-
ware program (Swofford and Selander 1989).

In order to measure the historic gene flow (&,,), the model
proposed by Crow and Aoki (1984) was used according to the fol-

lowing equation:

n

where: o= { }
(n—1)

and where, N, is the number of migrants per generation, » is the
numbers of populations, Fgr is the genetic differentiation among
populations, which was calculated by the combinations of pairs of
populations (using the BIOSYS-2 software program). If the value
of N, is larger than 1.0, it is considered that gene flow is high
enough to avoid genetic differentiation due to drift (Slatkin and
Barton 1989).

1

Nm = (zlla)ﬁ F

ST

RESULTS

Ten loci of eight enzymatic systems were analyzed: Got-1
locus, Po-2 loci, Acp-1 locus, Cat-2 loci, Adh-1 locus, Alp-
1 locus, Est-1 locus, and Gludh-1 locus. The allelic frequen-
cies ranged from high, as in allele B of the Got locus in the
CFF population (0.846), very low, as in allele C of the Po-1
locus of the same population (0.017), to the complete ab-
sence of an allele, as in the allele C at the Po-2, Cat-1 and
Cat-2 loci in the CFF population and the Acp locus in the
MF population (Table 1). The majority of the loci were not
in Hardy-Weinberg Equilibrium (HWE). The CFF popula-
tion demonstrated the largest number of loci in non-equilib-
rium (eight) while the other populations each demonstrated
five (Table 2).

It was observed 100% of polymorphic loci in all popu-
lations and the average numbers of alleles per locus varied
from 2.7 to 3.0 (Table 3). In relation to average heterozygo-
sity observed and expected among the four populations
examined, the H, varied from 0.331 to 0.584, while the H,
varied from 0.503 to 0.642. H, was lower in the SHF and
CFF populations — these being the populations occupying
the smallest land areas.

Fixation indices varied from 0.090 to 0.112 within large
populations MF and SJF and from 0.340 to 0.310 in the
smaller populations SHF and CFF, respectively (Table 3).
The allelic fixation of individual loci demonstrated the
same tendency as the entire set of alleles considered toge-
ther. The populations SHF and CFF had, respectively, two
and three fixed loci (value = 1.00), and only three and two
without fixation (negative value), while MF and SJF popu-
lations demonstrated each only one fixed locus (Got), and
six loci without fixation (Table 2).

Inbreeding averages within (Fg) and among (F;7) popu-
lations were 0.215 and 0.264, respectively, and they were
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Table 1 Estimated allele frequencies at ten polymorphic loci in four frag-
mented populations of Tapirira guianensis in NE Brazil.

Locus/Allele Populations
SHF CFF MF SJF

Acp

N) 23 27 19 27

A 0.609 0.426 0.632 0.481

B 0.326 0.370 0.368 0.444

C 0.065 0.204 0.000 0.074
Po-1

N) 30 30 28 30

A 0.383 0.500 0.268 0.433

B 0.367 0.483 0.554 0.333

C 0.250 0.017 0.179 0.233
Po-2

N) 9 25 25 17

A 0.222 0.660 0.580 0.500

B 0.444 0.340 0.160 0.235

C 0.333 0.000 0.260 0.265
Got

N) 22 26 25 28

A 0.227 0.115 0.360 0.357

B 0.727 0.846 0.560 0.357

C 0.045 0.038 0.080 0.286
Cat-1

N) 31 27 31 30

A 0.403 0.185 0.145 0.383

B 0.403 0.815 0.468 0.450

C 0.194 0.000 0.387 0.167
Cat-2

N) 25 17 29 23

A 0.360 0.471 0.155 0.391

B 0.380 0.529 0.569 0.435

C 0.260 0.000 0.276 0.174
Adh

N) 28 28 31 31

A 0.143 0.393 0.242 0.403

B 0.429 0.429 0.355 0.323

C 0.429 0.179 0.403 0.274
Alp

N) 24 26 26 27

A 0.500 0.615 0.308 0.407

B 0.229 0.327 0.673 0.444

C 0.271 0.058 0.019 0.148
Est

N) 27 26 26 29

A 0.685 0.365 0.769 0.345

B 0.167 0.538 0.115 0.414

C 0.148 0.096 0.115 0.241
Gludh

N) 26 28 31 31

A 0.442 0.054 0.403 0.484

B 0.346 0.500 0.306 0.194

C 0.212 0.446 0.290 0.323

(N) = Number of individuals

significantly different from zero for the majority of loci
(Table 4). The average of genetic differentiation among po-
pulations (Fs7) was 0.071, but not significantly different in
average and for majority of locus.

The non-biased genetic identity of Nei (1978) of the
populations that were compared in pairs is in agreement
with the geographic distance that separates those pairs —
with the lesser distances between pairs (CFF x MF, CFF x
SJF and MF x SJF) demonstrating genetic identities varying
from 0.929 to 0.932, while the greater distances between
pairs (SHF x CFF, SHF x MF and SHF x SJF) demonstra-
ted smaller genetic identities, varying from 0.843 to 0.894
(Table 5).

The estimates of historic gene flow (N,,), obtained from
the Fgr-statistic for the set of populations and for pairwise
populations ranged from 0.77 to 1.95 (Table 5). The esti-
mated value of the gene flow between all studied popula-
tions was 2.45.
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Table 2 Chi-square results (%) and degrees of freedom (DF) for Hardy-Weinberg equilibrium, and fixation index (f) for ten analyzed loci in four
fragmented populations of Tapirira guianensis in NE Brazil.

Locus Populations
SHF CFF MF SJF
DF__ y’ f DF__ ¥ S DF x b DF X S

Acp 3 0.484™ -0.005 3 8.86" 0.132 1 0.05™ -0.131 3 2.557" 0.083

Po-1 3 5.940" -0.372 3 10.62" -0.615 3 7.82" -0.029 3 14.240™ -0.433
Po-2 3 9.625" 1.000 1 17.72" 0.911 3 9.62" 0.369 3 20.215™ 0.906

Got 3 22718 1.000 3 2435 1.000 3 34917 1.000 3 47.272" 1.000

Cat-1 3 9.900"™ 0.342 1 21.68™ 1.000 3 7.09™ 0313 3 6.931™ 0.358

Cat-2 3 5.544" 0.089 1 14.13™ 1.000 3 5.67" 0.401 3 12.361% -0.108
Adh 3 18.399™ 0.650 3 17.05™ -0.247 3 11.37° -0.433 3 4.358™ -0.323
Alp 3 14.954™ 0.533 3 2.41™ 0.247 3 0.06™ -0.106 3 5.351™ -0.085
Est 3 1.404™ 0.076 3 4.09™ 0.186 3 0.29™ -0.008 3 3.186™ -0.111
Gludh 3 0.995™ -0.142 3 9.62" 0.544 3 14.20" -0.370 3 16.406" -0.550

P <0.05, ns = non significant

Table 3 Estimates of genetic diversity at ten loci in four fragmented populations (Pop.) of Tapirira guianensis (standard errors in parentheses) in NE
Brazil and fixation indices (f).

Pop. Average Ne of alleles per locus % of polymorphic loci Average heterozygosity Fixation indices (f)
Observed (H,) Expected (H.)

SHF 2.7(0.2) 100.0 0.331 (0.103) 0.503 (0.040) 0.3419

CFF 3.0 (0.0) 100.0 0.412 (0.093) 0.603 (0.028) 0.3167

MF 2.9(0.1) 100.0 0.498 (0.087) 0.561 (0.029) 0.1122

SJF 3.0 (0.0) 100.0 0.584 (0.108) 0.642 (0.009) 0.0903

Table 4 F-statistical calculated for ten loci in four fragmented popula-  pulations, ranging from 0.503 in SJF to 0.642 in SHF popu-

tions of Tapirira guianensis in NE Brazil. lations. In spite of the differences among them, these values
Locus Fis Frir Fsr are similar to those encountered in natural populations of
Acp 0.031™ 0.056™ 0.026™ other species, and are considered common in terms of gene-
Po-1 -0.359™ -0.308 * 0.038™ tic diversity. Oliveira et al. (2006) found genetic diversity
Po-2 0.799* 0.817* 0.088™ ranging from 0.286 to 0.468 for C. echinata in their exami-
Got 1.000* 1.000* 0.103 * nation of two natural populations and a reforested area in
Cat-1 0.430* 0.486* 0.098 * Pernambuco State, Brazil; Melo Junior ef al. (2004) repor-
Cat-2 0.305™ 0.340% 0.050™ ted H, values ranging from 0.450 to 0.530 in natural popu-
Adh -0.099 " -0.059" 0.036" lations of C. brasiliense in the savannah of Minas Gerais;
Alp 0.163™ 0.232% 0.083 * Gusson et al. (2005) reported H, values ranging from 0.400
Est 0.032™ 0.145™ 0.117* to 0.431 in natural populations of Eschweilera ovata (Cam-
Gludh -0.154 " -0.070™ 0.073 * bess. - Miers) in the state of Bahia, Brazil; and Pinto et al.
Average 0215 0.264 0.071 (2004) reported H, values ranging from 0.396 to 0.282 in
[-0.091 to0 0.521]* [-0.026 t0 0.505]  [0.053 t0 0.089] populations of Copaifera langsdorffii Desf. in two frag-
* P<0.05; ™ non significant, [ ] confidence interval with p<0.05. ments of riparian forest in the state of Minas Gerais, Brazil.
Thus, in comparison to these studies, it is possible to con-
Table 5 Genetic identity (I), estimated genetic differentiation (Fisy), clude that, in despi.te of forest fr?‘gmentation, the St}ldiffd T.
average Nei’s (1978), and gene flow (Nm) in four fragmented populations guianensis populations present high levels of genetic diver-
of Tapirira guianensis in NE Brazil. sity.
Combinations I Fsr Nm .
SHF x CFF 0864 0.065 0.90 Effects of forest fragmentation
SHF x MF 0.843 0.036 1.67 . .
SHF x SIF 0.894 0.031 1.95 The loss of alleles in the CFF and MF populations may be
CFF x MF 0.930 0.075 0.77 associated with genetic drift caused by fragmentation as
CFF x SJF 0.932 0.052 1.14 each of these alleles were present in three fragment popula-
MF x SJF 0.929 0.034 1.78 tions but absent in only one. This situation is most pro-

nounced in the CFF population, which demonstrated absence
of allele C for three loci (Po-2, Cat-1 and Cat-2). Addition-

DISCUSSION ally, the CFF population demonstrated the lowest frequency
L . of C allele for thee loci (Po-1, Got Alp and Est) (Table 1).
Genetic diversity According to Isagi et al. (2007), the effective number of

alleles is a more sensitive approach for detecting the im-

All studied isozyme loci in 7. guianensis were polymorphic ~ mediate loss following a population bottleneck. The inten-
(P=100%). Similar results were observed in other tropical  sity of the effects of genetic drift is inversely proportional to
tree species. For example, Melo Jinior ef al. (2004) repor-  population size, making smaller populations more vulnera-
ted a P value of 100% for Caryocar brasiliense Camb. in  ble, and reducing genetic diversity, which can result in the
northern Minas Gerais State, Brazil. In contrast, small per-  fixation of alleles due to inbreeding and/or loss of alleles
cent of polymorphic loci has been detected in other tree  from selection (Young ef al. 1996). The present results agree
species. Hamrick and Loveless (1986) reported a P value of  with this statement. Still, Souza et al. (2004) observed that
89.3% for Alseis blackiana Hemsl. in Central America; and  the greatest probability for allelic loss is associated with
Oliveira et al. (2006) obtained a P value of 83.3% for Cae-  rare or low frequency alleles, while common alleles have a
salpinea echinata Lam. in Pernambuco State, Brazil. Still,  greater probability of being fixed in these populations. In
the average numbers of allele per locus in this study (ran-  agreement, it was observed in the present study that many
ging from 2.7 to 3.0) are amongst the observed values in  of the lost alleles had low-frequency (Table 1). Still, the
natural populations of tropical trees (Hamrick 1989), such  loss of low-frequency and rare alleles are reported in other
as C. brasiliense (2.6 to 3.0; Melo Junior et al. 2004). studies about the effects of forest fragmentation on tropical
High genetic diversity (/,) was observed in all the po-  tree species. For example, Ribeiro et al. (2005) working
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with the tropical tree Dalbergia nigra (Vell.) Allemao ex.
Benth. in three forest fragments observed a decrease in
allele richness, alteration in allele frequencies, and allelic
loss due to fragmentation in four of the five analyzed iso-
zyme loci. Allelic loss was also observed by White et al.
(1999) in their study of fragmented populations of Swiete-
nia humilis Zucc. in Central America and Mexico.

The observed deviations from Hardy-Weinberg Equilib-
rium (HWE) in all populations suggest that they are experi-
encing alterations in gene frequencies and genotypic as a re-
sult of genetic drift, selection, or biparental inbreeding (de-
viation of random mating), with the CFF population de-
monstrating these effects more intensely.

As already commented, forest fragmentation is expected
to cause the loss of rare and low-frequent alleles, decrease

the heterozygosity and increase the coefficient of inbreeding.

Although high levels of heterozygosity were observed in
the examined populations, in the smaller populations SHF
and CFF, in general, heterozygosities were smaller than de-
tected in the larger populations (MF and SJF). In these two
small populations, alleles were also lost and high fixation
indexes (0.342 and 0.317, respectively) were also observed.
The high fixation index most clearly demonstrated the ef-
fects of fragmentation on population structure. Fragmenta-
tion is probably affecting these smaller populations through
the reduction in reproductive population sizes and increase
in the spatial genetic structure due the seed dispersal near to
the seed-tree, resulting in an increase in rates of mating
among relatives, in agreement with the observations of
Young et al. (1996) and Hartl and Clark (1997).

The average fixation index for the total populations (F;r
=0.264) indicates an homozygosis excess in relation to the
expected in a panmictic species, confirming once again a
tendency for inbreeding and genetic drift within these popu-
lations. The average fixation index within populations (Fjg
=0.215) was also very high (Table 4), indicating that devia-
tion of random mating, due to mating among relatives, has a
stronger effect on genetic structure than the effect of genetic
drift. Fg has the value of zero in a random-mating popula-
tion and increases towards one when inbreeding becomes
predominant. F;r has the value of zero when the population
is under HWE and does not experience genetic drift, in-
creasing towards one as inbreeding becomes higher and
genetic drift occurs. The average Fgr (0.071) demonstrated
that only 7% of genetic diversity was distributed among
population and 93% was within populations. According to
Loveless and Hamrick (1984), outcrossing species typically
demonstrate high levels of genetic diversity within popula-
tions and low genetic differentiation among populations.
Moreover, when gene flow is high, differentiation between
populations decreases.

Historic gene flow

According to Slatkin and Barton (1989), Pinto and Carvalho
(2004), and Souza et al. (2004), values of estimated historic
gene flow greater than 1.0 are sufficient to eliminate dif-
ferentiation due to genetic drift, and the populations are not
genetically isolated. In this study, the value obtained consi-
dering all populations was high (V,=2.45), suggesting ab-
sence of isolation. However, considering the populations in
pairs, the estimated gene flow ranged from 0.77 to 1.95
(Table 5). Population pairs MF x CFF (N,=0.77) and SHF
x CFF (N,=0.90) have N,, values lower than 1.0. As N,, is
estimated from the differentiation among populations, these
results indicate that the alleles are being exchanged at low
levels between the two populations. In studying the genetic
and reproductive consequences of forest fragmentation on
Magnolia obovata Thunb in Japan, Isagi et al. (2007) found
a larger gene flow into the conserved sites than into the
fragmented populations. Results presented here also reflect
the effects of genetic drift observed in the CFF population —
with a loss of alleles and a high degree of homozygosis.
Still, the CFF population demonstrated a gene flow lower
than 1.0 with SHF and with MF, even though CFF is less
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than 1 km apart from MF.

The existence of other small populations of 7. guianen-
sis (not sampled) adjacent to the four sampling areas may
have contributed to the high general levels of gene flow in
those cases where the gene flow was reasonably high. Ac-
cording to Chase ef al. (1996) and Aldrich and Hamrick
(1998), even remnant trees in open pasture lands can influ-
ence gene flow among nearby fragmented populations. Seo-
ane et al. (2000) stated that gene flow favors homogeneity
of genetic diversity among populations and reduces the con-
sequences of selection and genetic drift, thus reducing the
genetic differentiation among populations. The mechanisms
involved in gene flow between these fragmented popula-
tions have not yet been closely examined, but various spe-
cies of insects were identified in the fragments that could
potentially facilitate pollen flow between those populations
(Schessl et al. 2005) as the distances between these frag-
ments are relatively short. Additionally, birds may be dis-
persing the seeds of these trees, as Guimardes (2003) has re-
ported that the fruits of 7. guianensis are very sought after
by these animals.

Consequence of forest fragmentation

Considering that the populations of T. guianensis examined
in this work were fragmented between 25 and 40 years ago,
and the reproductive cycle of this species average about five
years, sufficient time has passed for the potential establish-
ment of five to eight generations of trees. This number of
generations should have been sufficient to allow for the ap-
pearance of alterations in the genetic structure of the popu-
lations due to genetic drift following the fragmentation
event — and this was in fact observed in the high levels of
fixation in the CFF and SHF populations, and make them
both more vulnerable to the risks of genetic differentiation.
For minimizing the effects of forest fragmentation on gene-
tic diversity of populations, it is possible to suggest some
options as: 1) artificial exchange of seeds or propagules from
nearby fragments with the fragments demonstrating genetic
erosion; 2) increasing the size of fragments, using seeds
adequately collected in terms of effective population size
(N,) and, 3) creation of genetic corridors to facilitate genetic
connectivity between fragments with small populations.

In conclusion, the fragmented populations of 7. guia-
nensis examined here demonstrated genetic diversity com-
parable to that seen in other tropical species, and this diver-
sity is considered satisfactory even though the populations
have suffered from the effects of genetic drift and inbreeding,
as demonstrated by the Hardy-Weinberg test. Smaller fores-
ted areas showed smaller genetic diversity and are more
vulnerable to the effects of fragmentation, which was de-
monstrated by the loss of alleles and by their higher indices
of fixation. There is more diversity within the four popula-
tions examined than among them, indicating that genetic
differentiation between them has not been strongly affected
by forest fragmentation (based on the Nei’s genetic dis-
tance). This is probably due to the short time since the frag-
mentation event. The estimated gene flow demonstrated a
medium value that was sufficient to avoid differentiation
between populations by genetic drift. However, considering
the populations in pairs, gene flow was observed to be in-
sufficient to avoid long-term differentiation between some
fragment pairs. Finally, the results presented in this study
indicate that the preservation of naturally forested areas in
the Usina S3o José has been effective in maintaining the
genetic diversity of the species 7. guianensis. However, the
smaller populations will require special attention in order to
avoid significant alterations in their genetic structure, with
resulting loss of variability.
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