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Abstract 

The Babassu (Attalea sp.) is a native palm tree, belonging to the family Arecaceae, with a wide distribution in 
Brazil. The species Attalea vitrivir Zona occurs in the Northwest of Minas Gerais State and Southwest of Bahia 
State, where the Cerrado is the predominant biome. Babassu is an important native oil resource and one of the 
main extractive products in Brazil, besides contributing significantly to the economy of some Brazilian States. 
The results of an ongoing study of the conservation status and genetic diversity of populations of the palm 
A.vitrivir are presented. The distribution of A. vitrivir has been reduced by habitat fragmentation, resulting in two 
main regions of occurrence (northern and southern), with a large gap between them, being only one of them 
protected by a conservation unit. A total of 84 microsatellite primer pairs designed for Attalea speciosa were 
screened for polymorphism and transferability in A. vitrivir individuals and 21 transferable primer pairs were 
used to better understand the distribution of genetic variability, gene flow and conservation status of A. vitrivir 
populations.The genetic diversity estimates using these primers indicated high levels of genetic variation and 
showed that a higher variation was located within than among populations, probably due to reproductive 
isolation. The five populations evaluated were grouped into two distinct groups, coinciding with northern and 
southern regions. High genetic diversity within populations and high differentiation among both regions indicate 
limited gene flow. The northern unprotected populations presented high genetic variability and should also be 
considered for protection for the long term conservation of the species.  

Keywords: Babassu, Cerrado fragmentation, population genetics, microsatellites 

1.Introduction 

The Cerrado is the largest, richest and, possibly, the most threatened tropical savanna in the world (Silva & Bates, 
2002). Myers et al. (2000) ranked the Cerrado among the 25 most important biodiversity hotspots globally, 
housing more than 12,000 plant species (Mendonça et al., 2008). However, only about 1.2% of the Cerrado is 
preserved in protected areas (Mittermeier et al., 1999).  

The Cerrado is a floristically diverse savanna that covers more than two million square kilometers of Central 
Brazil and parts of Bolivia and Paraguay (Simon et al., 2009). Savannas are the dominant vegetation, covering 
about 70% of the region, interspersed by patches of dry forests and complex belts composed of both dry forests 
and savannas, giving the region a mosaic-like aspect (Silva & Bates, 2002). Boundaries of Cerrado with other 
biomes (Amazonia, Atlantic Forest, Chaco and Caatinga) appear to have been porous to the ingress and 
recruitment of lineages from a range of vegetation types (Simon et al., 2009). For these reasons, Cerrado species 
are not expected to be uniformly distributed throughout the biome. 
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Babassu is the common name given to several palm trees from Attalea (synonym: Orbignya). The genus Attalea 
(Arecaceae) is a poorly studied group of Neotropical palms (Pintaud, 2008). Its main center of diversity is the 
Brazilian Shield (Anderson & Balick, 1988), an ancient pediplane geologically associated to the Cerrado (Simon 
& Proença, 2000). Of the approximately 33 species of Attalea in Brazil, 17 occur in the Cerrado region (Leitman 
et al., 2015). 

Attalea vitrivir Zona (synonym: Orbignya oleifera Burret.) is a palm tree restricted to the Eastern portion of the 
Cerrado, between Northwest of Minas Gerais (MG) State and Southwest of Bahia (BA) State (Lorenzi et al., 
2010), where the Cerrado meets two other biomes, the Caatinga and the Atlantic Forest (Lopes et al., 2010). 
According to Glassman (1999), A. vitrivir appears between the valleys of the Urucuia (to the south) and São 
Francisco (to the east) rivers and the borders of Bahia (to the north) and Goiás (to the west) States. Within this 
region, A. vitrivir is protected only in the River Pandeiros Environmental Protection Area (EPA Rio Pandeiros), a 
conservation unit that is considered of extremely high biological importance for the conservation of Brazilian 
diversity (MMA, 2007).  

Apart from this protected area, the range of A. vitrivir is highly fragmented and mostly converted into cattle 
pastures. Although species of Attalea can be favored by clearing (Barot et al., 2005) and can form massive stands 
in open pastures (Anderson et al., 1991), suppression of the Cerrado and population fragmentation can have 
negative consequences for its long-term conservation. Fragmentation results in the erosion of genetic variation 
and increases interpopulation genetic divergence due to increased random genetic drift, elevated inbreeding and 
reduced gene flow (Young et al., 1996). The knowledge of the genetic variation of A. vitrivir populations is 
therefore essential for their management and to establish conservation strategies.  

Here we present the results of a study aimed at a better insight into the distribution of genetic variation of A. 
vitrivir populations in this mosaic landscape assessed by 21 microsatellite or SSR (simple sequence repeat) 
markers, transferred from Attalea speciosa (synonym: Orbignya phalerata). SSR markers are useful for a variety 
of applications in plant genetics because of their reproducibility, multi-allelic nature, codominant inheritance, 
relative abundance and good genome coverage (Varshney et al., 2005). Because of these advantages, SSR 
markers have been increasingly used to evaluate the genetic diversity and population structure of several palm 
trees (Oliveira et al., 2014; Lanes et al., 2015; Ibanes et al., 2015; Ithnin et al., 2017; Soares et al., 2019).  

2.Material and Methods 

2.1 Sampling 

Two main regions of A. vitrivir occurrence have been identified: one in the northern part of the species 
distribution in southern Bahia State and in the extreme northern region of Minas Gerais State, and the other one 
further south in central-northern of Minas Gerais State. These two regions are separated by approximately 90 km 
where no populations were observed, suggesting that northern (N) and southern (S) populations are 
geographically isolated. 

Sampling was undertaken in these two isolated regions (Figure 1): three sampling sites in the northern region, 
with distances of 17.1 km between N1 and N2 and 16.5 km between N2 and N3; and two sampling sites in the 
southern region, with 18.6 km distance between S1 and S2. Twenty-five individuals were sampled in population 
N1, 26 in N2, S1 and S3, and 38 individuals in population N3. A minimum distance of 50 m between sampled 
individuals was observed, in order to cover the whole area within each population. 

The southern sampling sites are located within the River Pandeiros Environmental Protection Area (EPA), in 
north of MG, Brazil (15°26′10″ S and 44°40′44″ W). The EPA-Pandeiros is located in a transition zone between 
the Caatinga and Cerrado biomes. The predominant vegetation are Cerrado, gallery forests, and seasonally 
deciduous forests (Silva et al., 2009). 

 



jas.ccsenet.

Figure 1.

 

2.2 DNA E

Total geno
quality and

A total of 
polymorph
five popul
ethidium b
individual
Foster City
size of the
(NH4)2SO4

forward pr
ng DNA (3

Amplificat
conditions
primer pai

The PCR p
analyzer (A
8.5 µl of H
electrophor

 

 

 

 

 

 

 

 

 

 

 

 

org 

 Sampling loca
Pandeiros En

Extraction and

omic DNA wa
d quantity of th

f 84 microsatel
hism and trans
lations analyze
bromide. Of th
s sampled. The
y, CA, USA). T
e amplified all
4, 2.0 mM Mg
rimer (0.15 µl)
3 µl), and 5.6 µ

tions were ca
s: 95 oC for 15
ir), 72 oC for 1

products were d
Applied Biosys
Hi-Di formam
retic data thus 

ations of N1, N
nvironmental P

d Amplification

as extracted fro
he DNA were 

llite primer pa
sferability aga
ed, randomly 
he 84 primer p
e forward prim
The primers w
leles. PCR rea
gSO4, pH 8.9) 
), 0.1 µM reve
µl of ultra-pur

arried out on
5 min (1 cycle)
 min (30 cycle

denatured and s
stems). Loading
ide (Applied B
obtained was d

Journal of A

N2, N3, S1, an
Protection Are

n 

om young leaf
evaluated by 1

airs developed
inst a subsamp
selected. This
pairs screened

mers were labele
were multiplexe
actions were p
(1.3 µl), 0.2 m

erse primer (0.
e water for a fi

n ABI 9700
); 95 oC for 30
es); and a final

size fractioned
g samples cont
Biosystems) an
done using Gen

Agricultural Sci

179 

nd S2 populatio
ea (EPA-Pande

flets as describ
1% agarose ge

d for Attalea sp
ple of 12 A. v
 screening wa

d, 21 (Table 1
ed with a fluore
ed according t
erformed with

mM of each dN
.15 µl), 1 U H

final volume of

thermocyclers
0 s, 50-60 oC f
l extension for

using capillary
tained 1 µl of t
nd 0.5 µl of R
ne Mapper 4.1 (

ience

ons. The yellow
eiros). Source:

bed by J. J. Do
el electrophores

speciosa (unpu
vitrivir individu
as performed o
) were selecte
escent dye (HE
to the fluoresc
h 1X PCR buf
NTP (1.3 µl), 

HF Platinum Ta
f 13 µl.  

s (Applied B
for 1 min (ann
30 min at 72 o

y electrophores
the PCR produ

ROX-labeled si
(Applied Biosy

w region corre
Google Earth 

oyle and J. L. 
sis.  

ublished data) 
uals, being 2-
on 2% agarose
ed and used to
EX or 6-FAM, A
cence, annealin
ffer (600 mM 
0.2 mg/ml BS
aq DNA polym

iosystems), w
ealing tempera
oC (1 cycle).  

sis in an ABI 37
uct diluted 1:10 
ize-standards. A
ystems).  

Vol. 12, No. 2;

 
esponds to the
(2019) 

Doyle (1987)

were screene
3 from each o
e gels stained
o genotype the
Applied Biosys
ng temperature
Tris-SO4, 180
A (1.3 µl), 0.1

merase (0.2 µl)

with the follo
ature dependin

700 automatic
 in ultra-pure w
Allele sizing o

2020 

Rio 

. The 

d for 
of the 

with 
e 141 
stems, 
e and 

mM 
1 µM 
), 3.0 

wing 
ng on 

DNA 
water, 
of the 



jas.ccsenet.org Journal of Agricultural Science Vol. 12, No. 2; 2020 

180 

Table 1. Primer pair sequences, annealing temperatures (Ta), fragment size range, total number of alleles and 
expected heterozygosity (He) of the 21 SSR markers used for genetic analysis of A. vitrivir. F = forward, R = 
reverse 

Locus Sequence (5’→3’) Ta (ºC) Fragmentsize (pb) No. alleles He 

OPH 03 
F: GATGTGTTTGCAACGAAGAGAG 
R: TCTCCAACATAAACACCTGACG 

54 °C 100-138 7 0.535 

OPH 10 
F: TGATCTGGGTTACCTAAGTCCC 
R: TGTCGAATGGTATTCAAGGATG 

58 °C 330-366 9 0.590 

OPH 11 
F: AGAGCGAGACGAGAAGAAGAGA 
R: CGTTAGAGGGAAACCACTTTCA 

60 °C 91-125 11 0.724 

OPH 12 
F: ACAGAGGATCACTATTTGCCGT 
R: ATAAATGCTTGCGTCCGTTG 

58 °C 110-139 13 0.853 

OPH 13 
F: ATAAGGCCATCTCCTATTGCAC 
R: AGAGAAGAAGACGAGCGAAAGA 

53 °C 105-133 14 0.867 

OPH 25 
F: ATTTTGATTGATGGAGACCATGT 
R: ATGTCATATTTTCCGTGCCATT 

56 °C 122-151 7 0.620 

OPH 27 
F: AAGAGAGAAAGAGGGAGAGCGT 
R: CCGATTAGAAGATTTCTCCCCT 

60 °C 213-231 8 0.628 

OPH 30 
F: GATGGAAAAGAAAACATCAGGG 
R: TTATCTCACGCATGCACTCTCT 

56 °C 178-215 15 0.799 

OPH 33 
F: GTGGTCAGAGGCCTTGGTTG 
R: AGTGCCTGCCCGAACTTGT 

60 °C 224-260 15 0.744 

OPH 35 
F: CAGAGGGAAAGAGAGAGGAAGA 
R: CTCTCAATGGCTTTCCATAACC 

56 °C 311-331 10 0.660 

OPH 38 
F: GTCAATTTCAAAAGCCAGGTTC 
R: TGGAATCTTAGTGGACAGCAAA 

56 °C 122-170 7 0.823 

OPH 41 
F: AGGGCTCTTCCTCTCCCTC 
R: CTAGGCCCAAACTGAGATAGCA 

60 °C 168-202 8 0.703 

OPH 43 
F: GAACTTTTCTGTTGCTGTCCTTC 
R: ATAAGCCATAGCAACCACACCT 

60 °C 130-178 9 0.677 

OPH 45 
F: GCCCAAAATTGAAGTGAAGAGT 
R: CCAATGTCATCAATAAGCCTCA 

56 °C 116-174 9 0.575 

OPH 46 
F: CTTTAGATCTCGAGCACCGACT 
R: CGAGATAGGCTAGGCAACAAGT 

60 °C 131-192 12 0.729 

OPH 49 
F: TACACGTTTAATGATGCAAGCC 
R: CTTTATGCTAGGGTTCCACCTG 

58 °C 143-175 14 0.799 

OPH 50 
F: AATTAGTCGAAGATGGTCCCAA 
R: AGCGTACTTGCCGTTGTCTTAT 

60 °C 91-129 14 0.691 

OPH 52 
F: AATATCTTCGAGCAAGGTGGAT 
R: GAGAAAGGCTCATAAGCAGGAT 

60 °C 212-242 13 0.584 

OPH 53 
F: GAAAGGGAGACGTCAGAGACAC 
R: ACCTTTTCATTCTCCTTCCCTC 

60 °C 127-135 6 0.490 

OPH 58 
F: CTTCCCCTTCACTTCTCCTTCT 
R: AGATGGCCTCACTAGACCTCAA 

60 °C 122-138 7 0.636 

OPH 59 
F: TACATGAGTGTGTGTTGCTTGC 
R: CTCGGTGGGATCCTAGTTCA 

60 °C 122-185 10 0.702 

 
2.3 Statistical Analyses 

Total and mean number of alleles per locus, the expected heterozygosity (He) according to Hardy-Weinberg 
equilibrium of Nei (1978) for each locus and population, the observed heterozygosity (Ho) and the 
intrapopulation fixation index (f) were estimated using the software GDA 1.0 (Lewis & Zaykin, 2002). An 
Analysis of Molecular Variance (AMOVA) was performed, to assess the distribution of genetic variation among 
and within populations using GenAlEx v.6.5 (Peakall & Smouse, 2012). The genetic structure of populations was 
also analyzed using the Bayesian grouping model and the software Structure 2.3.4 (Pritchard & Wen, 2012). The 
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number of clusters (K) ranged from one to five. Using the admixture model, four independent runs for each K 
value were performed with 100,000 Markov chain replications and Monte Carlo simulations (MCMC) and 50,000 
burn-ins. The most likely number of clusters (K) was estimated by ΔK, as described by Evanno et al. (2005) and 
using Structure Harvester (Earl & Von Holdt, 2012). The program HICKORY (Holsinger et al., 2002) was used 
to estimate the population differentiation (GST-B), by the Bayesian method. Based on this parameter, the gene 
flow (Nm) was estimated by Nm = 0.25 (1 − GST-B)/GST-B (McDermott & McDonald, 1993). Genetic distances 
based on allelic frequencies of the five populations were estimated using the modified Rogers’ genetic distance 
(Goodman and Stuber, 1983) and the software BOOD (Coelho, 2002). The resulting diagonal matrix was then 
submitted to cluster analysis using UPGMA (unweighted pair-group method analysis) and the software NTSYS 
2.21 (Rohlf, 2009). The reliability of the generated dendrogram was tested by bootstrap analysis also using the 
BOOD program with 10,000 iterations. Principal coordinate analysis (PCoA) was performed among the 141 
individuals, after conversion of the pairwise genetic distance matrix to a covariance-standardized matrix using 
the GenAlEx 6.5 software (Peakall & Smouse, 2012). The program Barrier 2.2 was used to analyze the presence 
of spatial genetic discontinuities among the populations by means of Delaunay triangulation verified by the 
Monmonier algorithm (Manni et al., 2004) with geographic coordinates acquired using the Global Positioning 
System (GPS) and the genetic distances. The Mantel test was applied using the program PC-Ord 4.14 (McCune & 
Mefford, 1997) to assess the correlation between the genetic distance matrix and the geographic distance matrix. 

3. Results 

A total of 84 microsatellite primer pairs developed for Attalea speciosa (unpublished data) were screened for 
polymorphism and transferability against a subsample of 12 A. vitrivir individuals. By using the same annealing 
temperaure optimized for A. speciosa, 69 primer pairs (82.1%) were fully transferable for A. vitrivir. Of these, 21 
were selected based on the polymorphism detected and the quality of the amplified products (Table 1). These 21 
primer pairs were fluorescently labeled with HEX or 6-FAM and used for the genetic analyses of the 141 
individuals included in the present study. The 21 microsatellite loci displayed considerable levels of 
polymorphism. The number of alleles per locus ranged from 6 (OPH 53) to 15 (OPH 30 and OPH 33), with an 
average of 10.4, while He values ranged from 0.490 (OPH 53) to 0.867 (OPH 13), with an average of 0.687 
(Table 1).  

3.1 Genetic Diversity 

The results of the genetic diversity analyses obtained for the five populations are shown in Table 2. The average 
number of alleles per locus was homogenous among the three northern populations, but different from S1 and S2, 
with 8.5 and 5.5 alleles per locus, respectively. The five populations showed high levels of expected 
heterozygosity (He), varying from 0.633 (population S2) to 0.750 (population S1). The mean value of observed 
heterozygosity (Ho) was 0.518, and ranged from 0.480 (population S1) to 0.540 (populations N2). The fixation 
index (f) ranged from 0.154 (population S2) to 0.367 (population S1) indicating high and variable levels of 
inbreeding in these populations (Table 2). 

 

Table 2. Number of individuals analyzed per population (N), mean number of alleles per locus (A), expected (He) 
and observed heterozygosity (Ho), and fixation index (f) obtained for the five populations of A. vitrivir estimated 
using 21 microsatellite loci and the software GDA 

Population N A He Ho f  
N1 25 7.3 0.735 0.505 0.318 
N2 26 7.2 0.714 0.540 0.247 
N3 38 7.9 0.684 0.527 0.231 
S1 26 8.5 0.750 0.480 0.367 
S2 26 5.5 0.633 0.537 0.154 

Mean  7.3 0.703 0.518 0.267 

 

3.2 Genetic Structure of the Populations 

The results of the AMOVA partitioning of genetic variation among A. vitrivir populations in Minas Gerais and 
Bahia States are shown in Table 3. There were significant differences among and within populations (at 1% 
probability of error), but most of the total genetic variation was found among individuals within populations 
(93.3%), and only 6.7% was found among populations (Table 3). Using a Bayesian approach with HICKORY, 
the genetic diversity due to allele frequency differences among sub-populations (GST-B), similar to Nei’s GST, 
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3.3 Genetic Relationships 

Genetic distances based on allelic frequencies of the five populations were estimated by the modified Rogers’ 
genetic distance using 21 microsatellite loci. A dendrogram based on UPGMA was constructed for the five 
populations (Figure 4), and evidenced the separation of the five populations into two main groups, being one 
composed of the populations located in the northern region and another composed of the southern populations. 
The cophenetic correlation of the UPGMA clustering of this matrix was very high (0.946, significant at 1% 
probability by the Mantel test). To assess the variability within populations, a principal coordinate analysis was 
performed (Figure 5). The separation of the southern and the northern populations were again evident, but this 
analysis also showed that the southern populations were clearly separated into two subgroups, while the northern 
populations showed to be more homogenous, with N1, N2, and N3 individuals scattered throughout the northern 
group.  

 

 

Figure 4. Dendrogram based on genetic distances of the five A. vitrivir populations estimated by the modified 
Rogers’ coefficient (Goodman & Stuber, 1983) generated by UPGMA. Bootstrap support values are the result of 

10,000 permutations  

 

 
Figure 5. Principal coordinate analysis based on 21 microsatellite loci of the 141 A. vitrivir individuals, collected 

in five populations (S1, S2, N1, N2, and N3) 
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4. Discussion 

Recently the genetic structure of basically the same populations analyzed here were investigated by using nine 
ISSR (Inter Simple Sequence Repeat) primers (Santos et al., 2015). Now we presented the results of an analysis 
using a considerably higher number of markers in addition of having a codominant inheritance, which allowed a 
more precise estimates of some genetic parameters. 

The possibility of using microsatellite markers developed for one species in genetic studies of related species 
greatly reduces the cost of the analysis, since the development of microsatellite markers is still expensive and 
time consuming. On the present study, 82.1% of the primers were fully transferable from A. speciosa to A. 
vitrivir. The few studies on palms have also shown, in general, high cross species/genera transferability of 
microsatellite loci (Zaki et al., 2012; Oliveira et al., 2014; Xiao et al., 2016; Bazzo et al., 2018). Indeed, the 
efficient transferability of 21 primer pairs to amplify microsatellite loci in A. vitrivir corroborates the 
applicability of heterologous primers to genetic studies in palm trees. These primers detected high levels of 
genetic variation, with an average He of 0.687 and amplifying an average of 10.4 alleles each (Table1); thus, 
confirming their high utility for population genetics studies of A. vitrivir.  

The values obtained for expected and observed heterozygosity (Table 2) were high and comparable to those 
reported for other palm species, such as Syagrus coronata (Simplicio et al., 2017), Attalea speciosa (Ibanes et al., 
2015), Astrocaryum jauari (Oliveira et al., 2014), Oenocarpus bataua (Ottewell et al., 2012), Bactris gasipaes 
(Billotte et al., 2004); and considerably greater than found in Pseudophoenix sp. (Rodriguez-Peña et al., 2014). 
The observed heterozygosity was lower than the expected heterozygosity in all populations, indicating an excess 
of homozygotes. This was also evidenced by the fixation indices, which were all positive and ranged from 0.154 
(population S2) to 0.367 (population S1). Although the excess of homozygotes can be an evidence of inbreeding, 
it should be considered that our estimates of heterozygosity and fixation indices might have been overestimated 
by the occurrence of null alleles, as suggested by Chybicki and Burczyk (2009).  

The AMOVA, performed with two hierarchical levels, showed that the highest percentage of variation (93.3%) 
was found within populations, while among population component contained 6.7% of the total variation (Table 
3). Comparable results have been found for perennial palms with an outcrossing breeding system, such as Cocos 
nucifera (Lebrun et al., 2005; Rajesh et al., 2014), Geonomas hottiana (Silva et al., 2011), Astrocaryum (Oliveira 
et al., 2014), Elaeis oleifera (Ithnin et al., 2017). These results are also in accordance with those obtained by 
Büttow et al. (2010), who observed higher variation (83.68%) within populations of Butia capitata. These 
authors reported that efficient mechanisms for the dispersion of pollen and seeds increase intrapopulation 
variation, as believed to be the case for A. vitrivir. The knowledge of genetic diversity distribution is important to 
determine strategies for future collection expeditions and for the conservation and use of A. vitrivir 
germplasm.The high genetic divergence found between the populations (northern and southern) may be 
associated with their reproductive isolation.  

FST values (similar to GST-B) are related to the level of genetic differentiation, with 0.0-0.05 indicating a low 
differentiation among populations; 0.05-0.25 moderate; and values > 0.25 indicating a high differentiation, 
according to Yeh (2000). Therefore, the mean GST-B value of 0.079 obtained here indicate that the populations 
evaluated possess a moderate level of differentiation and, consequently, that diversity exists within populations. 

The dendrogram constructed for the five populations (Figure 4) evidenced the separation of the five populations 
into two main groups, being one composed of the populations located in the northern region and another 
composed of the southern populations. These results were corroborated by the Structure analysis (Figure 2), which 
also grouped the individuals into two clusters (K = 2), corresponding to the northern and southern populations. 
The separation of the southern and the northern populations were also evident by the principal coordinate analysis 
(Figure 5). This analysis also showed that the southern populations were clearly separated into two subgroups, 
while the northern populations showed to be more homogenous, with N1, N2, and N3 individuals scattered 
throughout the northern group. The differentiation of S1 and S2 was not expected, due to their geographical 
proximity. This can probably be explained by S1 population being composed of well-spaced plants, far apart from 
each other, which results in a limited gene flow and higher level of inbreeding. 

The North and South populations are separated by approx. 90 km, a relatively short distance considering the 
landscape in which they are inserted. Along the road from South to North populations, no other population was 
observed. Despite the fragmentation, one would expect to find A. vitrivir individuals in this geographic region, 
and their absence may indicate a limited dispersion of the species. For comparison, Acrocomia aculeata is 
widespread in Brazil and is present even in very fragmented landscapes. The Delaunay triangulation indicated 
the presence of a barrier that separates the northern populations from the southern populations (Figure 3), despite 
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the absence of conspicuous geographic barriers in this region. The isolation of north/south population was also 
evidenced by the gene flow, which was estimated as 2.914 migrant individuals per generation for the five 
populations, but was as low as 1.384 among the southern and northern populations. These observations indicate a 
fragility of the species considering the accelerated fragmentation of the landscape: with limited dispersal and 
gene flow, populations will tend to be more significantly impacted by genetic drift and are more prompted to 
allele loss. 

The genus Attalea is represented in Brazil by 32 species (Leitman et al., 2015). While some species such as 
Attalea speciosa, A. phalerata and A. maripa are widely distributed across different biomes, others occur in 
small geographic areas, despite de vastness of the apparently homogeneous landscape. That is the case of A. 
vitrivir, wich occurs in a limited range within the Cerrado. Although the landscape in which A. vitrivir occurs is 
highly fragmented and modified by livestock farming, habitat loss may not be the main responsible for its 
limited distribution. It may be explained by reproductive biology, dispersal syndromes and 
geographic/edaphoclimatic barriers.  

5. Conclusions 

The transferability of microsatellite markers developed for Attalea speciosa to A. vitrivir was successful. The 
information obtained in this study shows that these transferred markers are a robust tool for the genetic analysis 
of A. vitrivir populations. The genetic diversity estimates using these primers indicated high levels of genetic 
variation and showed that a higher variation was located within than among populations, probably due to 
reproductive isolation. Some levels of inbreeding probably occur in this species, since the proportion of 
heterozygotes were smaller than expected for the five populations analyzed. The five populations evaluated were 
grouped into two distinct groups, coinciding with northern and southern regions. The high genetic diversity 
within populations not included in the protection area (N1, N2 and N3) and their differentiation from the 
southern populations evidenced the need for the expansion of conservation areas. Only the southern populations 
are under protection of a conservation unit, the EPA Rio Pandeiros. Therefore, the northern region (N1, N2 and 
N3 populations) needs to be included in future species management and conservation plans because it also has a 
high genetic diversity, is genetically differentiated from the southern populations index and requires more 
attention. 

Support for Conservation 

The high genetic diversity within populations not included in the protection area (N1, N2 and N3), evidences the 
need for new proposals for the expansion of conservation areas, since their occurrence is restricted and 
populations S1 and S2 did not exhibit sufficient genetic diversity for the conservation of the species. In addition, 
we recommend that in order to preserve the genetic variability of the species, germplasm banks should be 
created and maintained. We also recommend that environmental education programs be established in these 
areas (northern and southern) and studies be undertaken to describe the reproductive biology of A. vitrivir for a 
better understanding of the dynamics of this species.  
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