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INTRODUCTION 

Habitat fragmentation is the process by 
which a large and continuous habitat is split into 
smaller and more isolated remnants, primarily 
by human disturbances such as land clearing and 
conversion of vegetation from one type to another. This 
phenomenon affects many ecosystems and species 
such as mangaba tree (Hancornia speciosa Gomes), 
a fruitful species native to Brazil (FRANKLIN et 
al., 2002; MOURA et al., 2005; SCHLAEPFER et 
al., 2018). It is a perennial species native to several 
regions and ecosystems in Brazil, extending along the 

coast, occurring naturally in marginal soils, subject 
to long periods of drought such as savannas and 
semi-arid areas in the Northeast. It is also reported 
throughout the Cerrado region of Central Brazil 
to the Pantanal biome (LEDERMAN et al., 2000). 
Among many consequences, habitat fragmentation in 
forest ecosystems affects the phenology, pollination 
patterns and reproductive success of species. The 
reduction in population size may reduce the density 
of reproductive trees, limit pollen availability and 
propitiate the occurrence of inbreeding and genetic 
drift effects. Besides the size reduction, the lack of 
connectivity can affect pollen and seed dispersal 
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ABSTRACT: Mangaba tree is a fruit tree species whose natural populations are fragmented by anthropic actions. For this reason, studies 
assessing the impact of fragmentation on the diversity and genetic structure of these populations are required in order to establish suitable 
conservation strategies. In our study, we used data from analyzes through microsatellite markers in computer simulations to estimate the rates 
of migration and selfing of six mangaba populations. The studied populations are located in the northeastern states of Ceará, Pernambuco 
and Sergipe. We tested different selfing and migration rates and selected the combination that showed values of observed and expected 
heterozygosity closest to those previously obtained with microsatellite markers. According to our simulations, selfing and migration were 
moderate.  This may have led to an increase in inbreeding and genetic drift, resulting in low genetic diversity. We recommend expanding the 
area and reducing disturbance to promote the occurrence of pollinators, which play an important role in increasing genetic diversity.
Key words: Easypop, genetic diversity, habitat fragmentation, mangaba tree, microsatellites.

RESUMO: A mangabeira é uma espécie frutífera cujas populações naturais se encontram fragmentadas por ações antrópicas. Desse 
modo, são necessários estudos sobre a avaliação do impacto da fragmentação sobre a diversidade e estrutura genética dessas populações 
para o estabelecimento de estratégias de conservação adequadas. No presente estudo, foram utilizados dados de análises com marcadores 
microssatélites em simulações computacionais para estimar as taxas de migração e autofecundação de seis populações de mangaba. As 
populações estudadas estão localizadas nos estados nordestinos do Ceará, Pernambuco e Sergipe. Foram testadas diferentes taxas de 
autofecundação e migração, e selecionada a combinação que apresentou valores de heterozigosidade observada e esperada mais próximos 
dos obtidos com marcadores microssatélites. Com base nas simulações, a autofecundação foi de 0,3 e a taxa de migração variou de 0,5 a 
0,6, valores que podem ter conduzido ao aumento da endogamia e deriva genética, resultando em baixa diversidade genética. Recomenda-se 
a expansão da área e a redução de perturbações para promover a ocorrência de polinizadores, que desempenham um papel importante no 
aumento da diversidade genética.
Palavras-chave: Easypop, diversidade genética, fragmentação de habitat, mangabeira, microssatélites.
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and limit gene flow among isolated fragments. 
These factors can lead to progressive loss of genetic 
diversity and, ultimately, to extinction (DUMINIL et 
al., 2016). For this reason, it is important to assess 
the impact of fragmentation on the genetic diversity 
and structure of forest tree populations in order to 
establish appropriate strategies for conservation.

Some conservation programs focus on 
promoting gene flow among isolated fragments. 
Gene flow is an evolutionary force that enables 
the allele exchange, thus increasing the genetic 
diversity. Moreover, the reproductive system plays an 
important role in the genetic diversity since selfing 
limits the pollen and seed dispersion and the potential 
for recombination between alleles from different 
individuals, in contrast to crossing. As a result, it is 
expected that crossing species preserve higher genetic 
diversity than autogamous species (JULLIEN et al., 
2019).  In our study, we used data from microsatellite 
markers in computer simulations to estimate 
the selfing and migration rate of six H. speciosa 
populations from the Caatinga biome, covering the 
northeastern Brazilian states of Ceará, Pernambuco 
and Sergipe. The software used for the simulations 
was the Easypop 2.0.1 (BALLOUX, 2001).

MATERIALS   AND   METHODS 

The Easypop 2.0.1 software was used to 
simulate different rates of selfing (0.1, 0.3, or 0.5) and 
migration (from 0.1 to 0.9, with steps of 0.1), which 
were selected based on how well they could explain 
the genetic structure of six H. speciosa populations 
obtained by microsatellite markers from AMORIM et 
al. (2015). In the referred study, the average observed 
heterozygosity was 0.47, and the average expected 

heterozygosity was 0.60. The studied populations 
were: Reserva do Cajú (SE), Abaís (SE), Barrados 
Coqueiros (SE), Jacarecoara (CE), Tapera (CE) and 
Tamandaré (PE), all located in northeast Brazil, in the 
Caatinga biome (Table 1). A total of 94 indivíduals 
were collected, 59 from the state of Sergipe (SE), 
20 from Ceará (CE), and 15 from Pernambuco (PE). 
According to the authors (AMORIM et al., 2015), 
in some cases, the total number of individuals 
was exactly the population size because these are 
remnant populations. 

For the simulations, we considered diploid 
hermaphrodite species, with non-random mating 
system and non-clonal reproduction. According to the 
study by DARRAULT; SCHLINDWEIN (2006), it is 
self-incompatible, demanding different genotypes of 
the species and specific pollinators for crossing and 
fruit production to occur. The flowers have a complex 
pollination mechanism co-adapted to pollination by 
moths and butterflies. The fruits are dispersed by large 
and medium-sized mammals. A spatial migration 
model was considered, with coordinates based on the 
geographic location of the populations which were 
obtained from the geographical coordinates (latitude 
and longitude) according to the map. Regarding the 
mutation settings, we assumed nine loci evolving 
according to the single-step mutation model (SSM), 
which is assumed to be typical for microsatellites 
(VALDES et al., 1993), and considered a proportion 
of 0.1 K-allele model (KAM) events, under 42 
possible allelic states, according to the data obtained 
by AMORIM et al. (2015). A mutation rate of 0.0001 
mutations per locus and per generation was assumed. 
The genetic variability of the initial population was 
considered the maximum, and authors simulated 
100 generations. Each combination of selfing 

Table 1 - Sample sizes and geographic coordinates of the studied Hancornia speciosa populations used in the simulations. 
 

Population Sample size Geographic coordinates 

Reserva do Caju (SE) 19 11°11ꞌ6ꞌꞌS and 37°11ꞌ18ꞌꞌW 
Abaís (SE)  20 11°18ꞌ18ꞌꞌS and 37°17ꞌ18ꞌꞌW 
Barrados Coqueiros (SE)  20 10°49ꞌ10ꞌꞌS and 36°56ꞌ52ꞌꞌW 
Jacarecoara (CE)  14 4°07ꞌ10ꞌꞌS and 38°10ꞌ34ꞌꞌW 
Tapera (CE)  6 3°56ꞌ20ꞌꞌS and 38°20ꞌ18ꞌꞌW 
Tamandaré (PE) 15 8°43ꞌ50ꞌꞌS and 35°6ꞌ10ꞌꞌW 
Total  94  

 
Source: AMORIM et al. (2015). 
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and migration rates was replicated 100 times. 
The observed and expected heterozygosities from 
AMORIM et al. (2015) were used to select the model 
settings that presented values closest to the field 
observations. The two independent sample t-tests 
at a 5% level of probability were used to compare 
the observed and expected heterozygosities of the 
selected combination of selfing and migration rates 
with other combinations.

RESULTS   AND   DISCUSSION

According to our simulations, there is a 
clear trend of increasing heterozygosity (both HO and 
HE) with increasing migration rate and decreasing 
selfing (Figure 1). Heterozygosity is one of the 
parameters of genetic diversity. While gene flow 
increases the genetic diversity by enabling the allele 
exchange among populations (SMITH et al., 2020), 
selfing reduces genetic diversity by limiting the pollen 
and seed dispersion and; therefore, the potential for 
recombination (JULLIEN et al., 2019).

The closest values of HO and HE to those 
obtained through the use of microsatellites (0.47 and 
0.60, respectively) were generated under the selfing 
of 0.3 and the migration rate of 0.5 to 0.6 and these 
values were significantly different from the other 
rates, based on two independent sample t-tests at a 
5% level of probability of error. Migration rates are 
higher than selfing rates, which suggested that spatial 

patterns may be more important than the degree of 
inbreeding for H. speciosa.

The rate of selfing of 0.3 generated from 
the simulations implies an outcrossing rate of 0.7 
which enables us to classify the mode of reproduction 
of the population as mixed, with a predominance 
of outcrossing, according to the classification of 
DESTRO & MONTALVÁN (1999). This author 
classifies vegetal populations as autogamous (outcross 
from 0 to 0.05), mixed (outcross from 0.05 to 0.95) and 
allogamous (outcross from 0.95 to 1.0). Outcrossing 
in hermaphrodite plants, like H. speciosa is usually 
enforced by self-incompatibility. According to 
TAKAYAMA & ISOGAI, 2005), self-incompatibility 
is an important mechanism in flowering plants that 
prevents selfing and thereby generate and maintain 
genetic diversity within a species. The estimated rate 
of self-incompatibility among tropical tree species is 
0.88 (SOBIERAJSKI et al., 2006). In studying the 
reproductive system of Shorea congestiflora and S. 
trapezifolia from Sri Lankan tropical rain forests, 
MURAWSKI et al. (1994) observed differences in 
the outcrossing rates between the two species due to 
differences in the degree of self-incompatibility. This 
finding ratifies the importance of self-incompatibility 
in promoting outcrossing; therefore, increasing 
genetic diversity. 

Regarding the migration settings, the 
simulations derived a rate of 0.5 to 0.6. Migration 
in these populations occurs, probably, through seed 

Figure 1 - Estimates of observed (HO) and expected (He) heterozygosities generated by simulations, for different rates of selfing 
and migration.
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dispersal, mediated by long-distance dispersers, 
considering the long distances among them. Gene 
flow is the exchange of alleles among populations, 
capable of altering the original gene composition. It 
can be translated as the number of migrants among 
populations each generation (SLATKIN, 1985). High 
levels of gene flow increase the genetic diversity in 
populations (BURCZYK et al., 2004), as observed by 
plotting the heterozygosity (observed and expected) 
and the migration rate (Figure 1).

Gene flow in plant populations 
is an evolutionary force that promotes the 
homogenization of gene frequencies between 
populations. Through gene flow, the allele 
frequencies between populations become more 
similar. It is opposite to genetic drift that promotes 
genetic differentiation between populations 
(ELLSTRAND, 1992). Some conservation 
programs focus on reducing barriers to gene flow 
in fragmented populations (KWAK et al., 1998; 
AULER et al., 2002; KAMM et al., 2010). Such 
barriers can be physical or distance barriers, often 
created by populations fragmented into small 
groups which are more susceptible to genetic drift 
(NEIGEL, 1997). In another study, BUSCHBOM 
et al. (2011) observed effective long-distance 
gene flow that contributed considerably to the 
genetic diversity of an oak stand at St Sibay east 
of the Ural Mountains. This result reinforces 
the importance of gene flow in the long-term 
persistence of this relict stand.

In our simulation, there was a gradual 
decrease in the genetic diversity parameters number 
of alleles, observed heterozygosity and expected 

heterozygosity over generations, probably due 
to anthropic activities (Figure 2). The number of 
alleles determines the probability for a population 
to survive over generations under adverse events 
such as forest fires, insect and disease outbreaks, 
drought, which result in the loss of part of the original 
genetic diversity. High genetic diversity increases the 
chance of existing pre-adapted genotypes to future 
perturbations. When populations are fragmented, 
there is a decrease in the number of alleles in each 
fragment (GAMFELDT & KÄLLSTRÖM, 2007). 
In analysing the genetic diversity of Dalbergia 
odorifera, LIU et al. (2019) obtained a higher number 
of alleles in larger populations.

The heterozygosity of a population is 
defined as the probability that two randomly sampled 
gene copies are different, being a good measure of 
genetic diversity (NEI, 1978). The possibilities of 
combining different alleles rely on the number of 
alleles in the population. Therefore, the decrease 
in the number of alleles contributes to reducing the 
heterozygosity. It can be confirmed by the similar 
behavior of graphs for these parameters (Figure 
2). In addition, when the lost alleles include self-
incompatibility alleles, it leads to an increase in 
selfing, increasing the proportion of homozygosity 
(VINSON et al., 2015).

Our results reinforced the importance of 
conserving high genetic diversity in forest populations 
in order to ensure the sustainability of this important 
natural resource. The studied populations of H. 
speciosa result from a long fragmentation process 
by anthropic activities. Furthermore, the genetic 
erosion of this species can also be explained by 

Figure 2 - Evolution of the number of alleles (A) and heterozygosity (B) over time. HO: observed heterozygosity; He: expected heterozygosity.
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human selection throughout domestication due to 
the real estate expansion and the intensification of 
agriculture in areas of natural occurrence (SOARES 
et al., 2019).  According to the simulations, the 
genetic diversity of this species will diminish in the 
long-running. The long distances that separate these 
populations today limit the connectivity through 
gene flow. Therefore, local mutations are the unique 
source for new alleles. which are recombined 
through crossing, contributing to a level of genetic 
diversity in these populations. Thus, local strategies 
must be adopted to contain genetic erosion. We 
recommend enriching the area with high genetic 
diversity germplasm and minimizing disturbance to 
promote the occurrence of pollinators.

CONCLUSION

The H. speciosa populations have a selfing 
rate of 0.3 and a migration rate of 0.5 to 0.6. The 
observed selfing and migration rates could be the 
result of genetic drift and isolation, respectively, 
reducing the genetic diversity. Strategies to contain 
the loss of genetic diversity must be adopted locally. 
We suggest expanding the area and reducing the 
disturbance to promote the occurrence of pollinators, 
which are responsible for increasing the genetic 
diversity by promoting crossing.
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