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ABSTRACT. The purpose of this study was to analyze the effects 
of management on the genetic structure of natural populations 
of Attalea speciosa in the State of Piauí, Brazil, using random-
amplified polymorphic DNA (RAPD) markers. Three babassu 
populations under different management systems were selected. 
Polymerase chain reactions were performed for 20 RAPD primers. A 
total of 146 bands were generated, 141 of which were polymorphic 
(96.58%), with a variation of 4 and 12 loci and an average of 7 bands 
per primer. A dendrogram revealed a clear separation between the 
three populations (0.57). Data reliability and node consistency were 
verified by bootstrap values ​​and the cophenetic correlation coefficient 
(88.15%). Coefficients of similarity between pairs of genotypes 
ranged from 0.26 to 0.86, with a mean of 0.57. Nei’s genetic diversity 
index (HE) value of the population sampled in Teresina was 0.212, 
of Esperantina it was 0.195, and of José de Freitas it was 0.207. 
After the HE was decomposed, the complete diversity was found 
to be 0.3213. Genetic differentiation between populations was 
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0.362, and the estimation of gene flow between populations was 
low (0.879). Analysis of molecular variance revealed that 59.52% 
of the variation was contained within populations, and 40.48% was 
between populations. RAPD markers were effective for genetic 
diversity analysis within and between natural babassu populations, 
and exhibited a high level of polymorphism. Genetic diversity was 
the highest within populations; variability was lower in the managed 
populations than in the undisturbed populations.
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INTRODUCTION

The babassu palm, Attalea speciosa Mart., is a pioneer and a dominant species, and 
generally grows at a low density in native vegetation (Peters et al., 1989; Anderson et al., 
1995), and its presence is strongly associated with anthropically disturbed areas (Ribeiro and 
Walter, 1998). Silva (2008) claimed that the distribution of babassu palms in disturbed areas is 
extremely variable, and is affected in diversity, density, and concentration by the management 
system employed.

Human population growth and the consequent pressure on natural resources have 
made extraction in its rudimentary form economically unviable, requiring techniques and 
methodologies that facilitate multiple uses of the forest, disclosing possibilities of economic 
exploitation (Santos et al., 2003). Non-timber products are often the basis for artisanal and 
small-scale industrial production (Arnold and Pérez, 1995). The management of natural popu-
lations should also consider the genetic constitution of the individuals for the exploitation of 
a target species, which is partly responsible for differences in yield, adaptation, and reproduc-
tion among individuals of a species (C-Neto, 2004), by causing variations in population size 
and spatial patterns within populations (Bawa and Krugman, 1990; Murawsky, 1995).

Information on their genetic constitution is essential to understand the genetic struc-
ture of these native populations, and therefore for the design of conservation strategies, im-
provement and sustainable management with activities aimed at defining reserve size, the 
appropriate management of the species, to restore degraded areas, and to collect seeds for 
planting native species (Kageyama et al., 2003). Therefore, knowledge of the variability be-
tween natural A. speciosa populations is important for plant breeding, preservation, and ad-
equate management. 

Genetic markers are widely used in the conservation of genetic forest resources, e.g., 
in the measurement of diversity and genetic diversity in natural and managed populations, the 
estimation of gene flow or migration rate, and the characterization of the reproductive system 
(Glaubitz and Moran, 2000). Adin et al. (2004) used amplified fragment length polymorphism 
(AFLP) molecular markers to compare genetic diversity and trading between populations of 
domesticated palms (Bactris gasipaes Kunth) in the Peruvian Amazon. The genetic diversity 
was 0.262 in populations of the indigenous communities and 0.253 in migrant communities; 
the genetic differentiation (GST) between populations was 0.037-0.041 (P < 0.01), with no cor-
relation between genetic differentiation and the geographic locations of the populations.

Sawazaki et al. (1998) studied genetic variability and ecotypes in the genera Euterpe, 
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Bactris, Elaeis, and Syagrus. In a comparison between isozyme and random-amplified poly-
morphic DNA (RAPD) markers, the authors found the latter to be more efficient since it al-
lowed the analysis of a high number of genetic markers, in addition to detecting the similarity 
between ecotypes and/or species distributed according to the geographical regions of their 
natural occurrence. 

Despite the importance of A. speciosa and the economic interest in the crop, this is the 
first study to assess the level of genetic diversity and species distribution in natural babassu 
populations under different management systems. In a study of the genetic similarity between 
accessions of the active or living GenBank (BAG) of babassu palm of Embrapa Meio-Norte 
using RAPD markers, Santos et al. (2008) observed variability between genotypes, with simi-
larity coefficients ranging from 0.53 to 0.82. Souza et al. (2008) tested the effectiveness of 
inter-simple sequence repeat (ISSR) and RAPD markers for the analysis of genetic variability 
in this species, and observed that both marker types were effective in determining the genetic 
relationships among babassu palm genotypes.

In view of the current state of depletion of many babassu forests and populations, 
characterization studies of genetic variability are fundamental. Therefore, the objective of the 
present study was to identify the genetic variation within and between the populations of A. 
speciosa under different management intensities, and to evaluate the effects of different levels 
of exploitation on the genetic diversity of the populations, in order to provide information for 
establishing guidelines for the management and conservation of this species.

MATERIAL AND METHODS

We studied three natural populations of A. speciosa under different management sys-
tems in the municipalities of Teresina, Esperantina and Jose de Freitas, in the State of Piauí, 
Brazil. Twenty trees per population were selected for data collection, and were labeled accord-
ing to the municipality: Teresina (T1, T2,...T19, and T20), Esperantina (E21, E22,..., E39, and 
E40), and Joseph de Freitas (JF41, JF42,..., JF59, and JF60).

The population labeled T was from Teresina (with a total area of ​​1.312 km2, or 0.55% 
of the state area; 5º5ꞌ21ꞌꞌS, 42º48ꞌ07ꞌꞌW; 72 m above mean sea level, AMSL). The climate is 
hot, sub-humid tropical, with dry periods of 6 months and temperatures ranging from 22° to 
38°C, with an average annual rainfall of 1377.7 mm (Senplan, 2011). The sample population 
in this municipality belonged to an area of ​​Embrapa Meio-Norte, and is exploited at a low-
intensity level.

Population E was in the municipality of Esperantina, in a forest area designated for 
fruit collection. This activity is a source of income for many families in the region, particu-
larly those of the babassu nut breakers, which typify the ​​intense and longstanding tradition of 
fruit collection in the area. The area is irregularly shaped, and contains ​​922.38 km2 (03°54ꞌ06ꞌ
ꞌS, 42°14ꞌ01ꞌꞌW; 59 m AMSL). It is covered with mixed deciduous forest vegetation, with 
patches of Caatinga (semi-arid vegetation) and Cerrado (savanna vegetation). The climate is 
sub-humid tropical, with a dry period of 6 months and temperatures of between 25° and 34°C, 
with an average annual rainfall of 1493.0 mm.

Population JF was in the municipality of José de Freitas (with a total area of ​​1632.70 
km2; 04°45ꞌ23ꞌꞌS, 42º34ꞌ32ꞌꞌW; 140 m AMSL). In José de Freitas, babassu samples were ob-
tained from an area of ​​approximately 1200 ha, in the Nazareth Eco Resort. This area is largely 
undisturbed, and has been isolated from human activity for many years. The regional vegeta-
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tion consists of semi-deciduous forests with patches of Caatinga, Cerrado, and babassu palm 
forests. The climate is hot, semi-arid tropical, with a dry period of 6 months and temperatures 
of between 18° and 38°C. It is an area free of human influence, where all vegetation is con-
served (Senplan, 2011).

Leaves were collected from 20 selected trees (minimum distance between trees, 50 m) that 
were in the fully reproductive stage, from each population, using a simple-randomized sampling. 
All the material collected was packed in plastic bags, labeled, and stored in ice chests. The material 
was then taken to the Laboratory of Molecular Biology and Biotechnology of Embrapa Meio-
Norte, where the leaf tissues were frozen, to prevent enzyme degradation prior to DNA extraction.

Approximately 100 mg leaf tissue from young and healthy leaves from each plant 
of the three populations was used for the extraction of genetic material. DNA was extracted 
following the manufacturer protocol, using an Invisorb® Spin DNA Extraction Kit. The fresh 
plant tissue was ground in a Precellys® 24 homogenizer, in 2.0-mL tubes containing five glass 
beads (with a diameter of 3 mm) and buffer from the purification kit. The DNA was quantified 
on 0.8% agarose gel in 0.5X Tris-Borate-EDTA (TBE) buffer, stained with Biotium GelRed™ 
Nucleic Acid Stain, and diluted to 10,000X in water, for a comparison of the resolution of 
DNA samples with a DNA ladder at a concentration of 100 ng. The quality and quantity of 
the extracted DNA were recorded using a NanoDrop™ spectrophotometer, using 2 μL of the 
extracted sample. The DNA samples were diluted in TE buffer at a concentration of 15 ng/µL, 
for use in a polymerase chain reaction analysis.

One hundred primers (Operon Technologies, series A, K, M, N, and P) were evalu-
ated, which were applied to DNA samples of three trees per population. At this step, we tried 
to select primers that amplified the highest number of polymorphic markers, and had good 
reading quality.

To analyze the genetic diversity of the populations, the 20 primers with the best poly-
morphisms were used. The amplification reactions were performed according to a modified 
protocol of Williams et al. (1990). The final volume used in the reactions was 20 μL, and con-
tained the following components: 10X buffer (16.65 mM Tris-HCl, pH 8.0), 83.25 mM KCl, 
2.5 mM MgCl2 (New England), 0.8 mM dNTP (Invitrogen), 0.2 µM primer, 1U Taq DNA 
polymerase (New England), 1 μL genomic DNA (~15 ng), and ultrapure H2O. Amplifications 
were carried out in a Veriti® 96-Well Thermal Cycler (Applied Biosystems), with an initial 
denaturation step of 1 min at 92°C, followed by 45 cycles of 1 min at 92°C for denaturation, 1 
min at 35°C for annealing, 2 min at 72°C for extension, and a final extension of 5 min at 72°C. 
The amplification products were electrophoresed on 1.5% agarose gel, buffered, and revealed 
using GelRed® (Biotium). The gels were then photographed under an ultraviolet transillumina-
tor (MiniBIS-Pro, DNR Bio-Imaging Systems), and the bands counted. The bands of amplified 
fragments were coded as random binary characters (0 and 1), corresponding to the absence or 
presence of bands, respectively. From these data, we estimated the genetic similarity between 
genotypes of the three sampled populations, using the Jaccard similarity coefficient, calculated 
using PAST version 1.34 (Hammer et al., 2001). From the resulting similarity matrix, a group-
ing analysis was performed by the unweighted pair-group method, using arithmetic averages 
(UPGMA), using the same program. The cophenetic correlation coefficient (r) was calculated 
based on the similarity matrix and a dendrogram. From the binary matrix of the amplified 
fragments, the bootstrap reliability index was calculated and a dendrogram was constructed, 
based on data from 5000 permutations. To evaluate the adherence between the dendrogram 
and the Jaccard similarity matrix, the cophenetic correlation of Mantel was estimated, using 
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PAST v.1.34 (Hammer et al., 2001).
The genetic similarities were estimated using the Jaccard coefficient, with the cutoff-

point based on the estimate of the mean genetic similarity:

where sgij is the genetic similarity between each pair of individuals and N is the number of 
pairs obtained. For the intra- and inter-population analyses of A. speciosa, the program POP-
GENE (population genetic analysis) version 1.32 (Yeh et al., 2000) was used, with parameters 
set for diploid-dominant data. The following descriptive statistics were calculated: the number 
and percentage of polymorphic loci; Nei’s gene diversity (1973) (HE); the Shannon index (HO); 
the total diversity (HT), estimated from the mean allele frequency per locus; the component of 
diversity within the population, and the component of diversity between populations within a 
species; and genetic differentiation between populations (GST). Analysis of molecular variance 
was performed using the program Arlequin version 3.1 (Excoffier, 2006), by a total decompo-
sition of the variance components, between and within populations. The variance components 
were tested using the coefficient ϕST.

RESULTS 

Based on 20 RAPD primers, a total of 146 bands were detected, 141 of which were 
polymorphic (96.58%; Table 1). Variation between 4 and 12 polymorphic loci was observed, 
with a mean of 7 bands per primer. The high polymorphism between genotypes was clearly 
demonstrated by the RAPD band patterns obtained using the primer OP-K19 (Figure 1).

(Equation 1)

Table 1. Selected Random Amplified Polymorphic DNA (RAPD) primers, with their respective sequences and 
number of amplified and polymorphic fragments.

Primer	 Nucleotide sequence	                                                               No. of fragments

		  Amplified	 Polymorphic

OP-K15	 5'-CTCCTGCCAA-3'	     8	    8
OP-K19	 5'-CACAGGCGGA-3'	     7	    5
OP-M01	 5'-GTTGGTGGCT-3'	     4	    3
OP-M05	 5'-GGGAACGTGT-3'	     6	    6
OP-M09	 5'-GTCTTGCGGA-3'	     9	    9
OP-M12	 5'-GGGACGTTGG-3'	     6	    6
OP-M14	 5'-AGGGTCGTTC-3'	     7	    7
OP-M16	 5'-GTAACCAGCC-3'	     8	    8
OP-M18	 5'-CACCATCCGT-3'	     7	    7
OP-N02	 5'-ACCAGGGGCA-3'	   12	  12
OP-N03	 5'-GGTACTCCCC-3'	     6	    6
OP-N04	 5'-GACCGACCCA-3'	     5	    5
OP-N06	 5'-GAGACGCACA-3'	     9	    8
OP-N09	 5'-TGCCGGCTTG-3'	   12	  12
OP-N10	 5'-ACAACTGGGG-3'	     9	    9
OP-N11	 5'-TCGCCGCAAA-3'	     5	    5
OP-N12	 5'-CACAGACACC-3'	     7	    7
OP-N15	 5'-CAGCGACTGT-3'	     8	    8
OP-P03	 5'-CTGATACGCC-3'	     5	    5
OP-P04	 5'-GTGTCTCAGG-3'	     6	    5
Total		  146	 141
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Figure 1. Electrophoretic profile obtained by DNA amplification of 20 plants of Attalea speciosa Mart. from a 
population in Esperantina, Brazil, using the primer OP-K19.

Of the RAPD primers used in this study, the ones that produced at least eight or more 
polymorphic bands are recommended for the analysis of genetic variability in the babassu 
palm, namely, M09-OP, OP-N02, N06-OP, OP-N09, and N10-OP.

The similarity matrix, using the Jaccard coefficient between genotypes based on 
RAPD markers, exhibited coefficients of similarity between pairs of genotypes that ranged 
from 0.16 to 0.75, with a mean of 0.41. The greatest similarity was found between the indi-
viduals 21 and 22 of population E, while the greatest dissimilarity was observed in the pairs 
formed by plants 23 and 30 of population E with plant 49 of population JF. The RAPD mark-
ers allowed the genetic differentiation of three populations of A. speciosa (Figure 2). The 
dendrogram clearly differentiated the three populations (0.41). The populations T and E, in 
two areas managed by fruit collection, were rather similar, while the population JF, located 
in a conserved area with no type of management, was distant from the other populations. The 
data reliability and consistency of the nodes were verified by bootstrap values, ​​and the value 
of the cophenetic correlation coefficient was 90.13%. The matrices of the three populations 
were correlated by the Mantel test and revealed a coefficient of r = -0.0161, indicating that the 
arrays were not correlated, confirming the results obtained by the dendrogram.

The estimates of genetic diversity indices are shown in Table 2. HE was 0.212 for 
population T, 0.195 for population E, and 0.207 for population JF. The genetic diversity of 
the undisturbed population in José de Freitas was higher than that of population E, where the 
management of fruit collection is intensive. Depending on the magnitude, the removal of fruits 
in populations can alter the levels of genetic diversity. The results show that genetic variability 
was lower in the managed population, due to the exclusion of some genotypes and the conse-
quent loss of alleles. The estimated values ​​for HO showed high genetic diversity between and 
within populations, with 0.336 for population T, 0.302 for population E, 0.322 for population 
JF, and 0.485 for all populations, being very similar in the three populations (the Shannon 
index ranges from 0 to 1, and the closer the value is to zero, the lower is the diversity). The 
population with the lowest diversity level was the one under intensive management, which can 
lead to genetic erosion. 
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Figure 2. Dendrogram constructed based on the genetic similarities between 60 plants of Attalea speciosa Mart. using 
the Jaccard similarity index and the UPGMA clustering method. Teresina (T), Esperantina (E), José de Freitas (JF).

Table 2. Indices of genetic diversity of three populations of Attalea speciosa Mart.

Populations	 HE	 HO

Teresina	 0.212	 0.336
Esperantina	 0.195	 0.302
José de Freitas	 0.207	 0.322
Set of populations	 0.321	 0.485

HE, genetic diversity of Nei; HO, Shannon index.

The highest percentage of polymorphic loci was observed in population T, an area 
where management was not intense, and the lowest was observed in population E (Table 3), 
which was under intensive management. On average, 106.33 polymorphic loci were obtained. 
The low percentage of polymorphic loci in population E was due to intensive fruit collection 
in the region, resulting in a loss of variability.

Table 3. Number and percentage of polymorphic loci. 

Municipality	 No. of polymorphic loci	 % of polymorphic loci

Teresina	 117	 80.14
Esperantina	   97	 66.44
José de Freitas	 105	 71.92
Mean	      106.33	 72.83
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The distribution of genetic variation within and between populations was calculated 
as described by Nei (1978; Table 4). The GST was 0.362, indicating that 36.2% of the genetic 
variability was found between populations and 63.8% was found within populations. The GST 
is a widely used statistical measure of genetic differentiation, because it is not affected by the 
reproduction system of the species, nor the number of alleles per locus, or the actions of evolu-
tionary forces (migration, selection, and mutation) (Nei, 1973). The high genetic diversity found 
between populations may be associated with the reproductive isolation of the populations.

The HT was relatively high (0.321), indicating that 32.1% of the genotypes were 
unique, showing a reserve of genetic variability of this species in these populations. The es-
timation of gene flow between the three A. speciosa populations was low (0.879). Estimates 
of gene flow are not easy to interpret. According to Wright (1931), gene flow values ​​below 
1.0 indicate genetic isolation. The low value found in this study demonstrated that isolation 
caused by genetic drift is already occurring, showing the need to initiate the implementation 
of conservation strategies for the species.

Table 4. Genetic parameters of three babassu palm (Attalea speciosa Mart.) populations.

	 HT	 HS	 GST	 Nm

Mean	 0.321	 0.204	 0.362	 0.878
Standard deviation	 0.021	 0.013		  -

HT, heterozygosity; HS, mean genetic diversity within populations; GST, genetic diversity between populations; Nm, 
gene flow.

Genetic differentiation between the sampled populations was highly significant 
(ϕST = 0.4048, P < 0.001), corresponding to 40.48% of the total genetic variation, indicating 
relatively high levels of genetic differentiation between the three populations. These results 
were expected, because the intensities of management were different. Nevertheless, it appears 
that much of the variation was retained at the sampling locations, evidencing wide variability 
among the genotypes of each population (59.52%), which can be explained by the management 
systems at each site, the influence of human activity on allele exchange, as well as by pollen 
dispersal within populations. A summary of analysis of molecular variance is presented in 
Table 5.

Table 5. Summary of analysis of molecular variance for the three populations of Attalea speciosa Mart.

Source of variation	 d.f.	 SS	 Comp. de variance	 % Total	 ΦST	 P

Between populations	   2	   541.717	 12.6155	   40.48	 0.4048	 0.001
Within populations	 57	 1057.150	 18.5464	   59.52		
Mean	 59	 1598.867	   31.16208	 100.00		

d.f., degrees of freedom; SS, sum of squares. 

DISCUSSION 

The high polymorphism detected in this study (96.58%) among palm trees of the three 
babassu populations by RAPD markers may be related to the development of natural hybrids 
resulting from intraspecific crosses that occurred in this species (Anderson and Balick, 1988), 
or because the species has a mixed mating system and is not yet domesticated.
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Similar results were reported in the germplasm of the açaí palm (Euterpe oleracea 
Mart.) by Oliveira et al. (2007), where 28 selected simple sequence repeat primers generated 
263 amplification products, 100% of which were polymorphic. The authors attributed the high 
degree of polymorphism to the fact that the species is monoecious, allogamous, and is cur-
rently being domesticated.

The RAPD technique has been used in the molecular characterization and quantifica-
tion of genetic variability in several palm species. Nunes et al. (2008) conducted a study on the 
pindo palm (Butia capitata) using RAPD markers and obtained a similar number of fragments 
(136), 77 of which were polymorphic. In the genetic characterization of the peach palm (Bac-
tris gasipaes Kunth.) cultivated in southern Bahia, Brazil, Isensse et al. (2007) detected 46 
polymorphic genetic markers using RAPD, fewer than that found in the present study. Sawa-
zaki et al. (1998), however, tested 40 primers in palm trees belonging to the genera Euterpe, 
Bactris, Elaeis, and Syagrus, and found a total of 256 polymorphic bands. The results of this 
study show that RAPD markers are effective in detecting polymorphisms.

Souza et al. (2008) studied the effectiveness of RAPD and ISSR markers for the ba-
bassu palm and obtained 21 loci, 13 of which were polymorphic, using RAPD markers; and 72 
loci, 45 of which were polymorphic, using ISSR markers, demonstrating the efficacy of both 
markers in determining genetic relationships among genotypes.

A high genetic diversity among the babassu genotypes was observed. The genetic simi-
larities were equal to or higher than the general mean in 46.04% of the pairs of genotypes, reveal-
ing a high genetic similarity between the babassu genotypes. A similar result was reported by 
Oliveira et al. (2007) for the açaí palm, who reported genetic similarities equal to or higher than 
the general mean in 43.97% of the pairs of genotypes. The high value found in the babassu palm 
confirms the existence of great diversity among the genotypes of the three populations.

The genetic differentiation between the three A. speciosa populations shown in the 
dendrogram indicates that no allele exchange occurred, probably because of the geographical 
distance between the populations, since the main mechanism of pollen dispersal in this species 
occurs via a beetle from the family Nitidulidae, Mystrops mexicana (Henderson et al., 1995).

The levels of HE present in the three populations (Table 2) can be considered high 
when compared with levels in other tree species. Hamrick and Godt (1990) analyzed informa-
tion from 449 species, and estimated an HE of 0.157 in species with entomophilous pollination. 
Similar results were reported by Sebbenn et al. (2001), in a comparison between the levels of 
genetic diversity in natural and managed populations, and found an average HE of 0.314 for 
the natural and 0.266 for the managed populations, as was found in the present study. The 
Shannon index measures the degree of genetic similarity between plants, and the lower the 
value, the lower the diversity. In this study, the value for this index was high and very similar 
in the three populations, i.e., there was great diversity among them, confirmed by the high 
level of polymorphic loci in the three populations. The Shannon indices and the percentage of 
polymorphic loci were lowest in population E, which was under intensive management. Seb-
benn et al. (2001) compared the levels of genetic diversity between a natural and a managed 
population, and found that the percentage of polymorphic loci was high in the natural and low 
in the managed populations (84.6 and 76.9%, respectively). Zimback et al. (2004) showed that 
unsustainable management leads to a loss of variability, and found high values ​​of polymor-
phic loci in the analysis of the genetic structure of Trichilia pallida Swartz populations using 
RAPD markers. This result shows that the populations had not been isolated from each other, 
so the small differences between them may be due to genetic drift at each location.
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The distribution of genetic variation within and between populations revealed that 
63.8% of the genetic variation was within populations and 36.2% was between populations. 
The cause of the high genetic divergence between populations was associated with their re-
productive isolation. Hamrick and Godt (1990) analyzed information from 449 species, and 
concluded that perennial species with long life cycles, that predominantly sexually reproduce 
by cross-fertilization, and that have wide geographic distributions accumulate greater genetic 
variation within their populations, with low population differentiation. Sebbenn et al. (2001) 
studied the effects of management on the genetic structure of natural populations of Tabebuia 
cassinoides, and found high genetic variability within populations (96.9%), showing that trop-
ical tree species with mixed reproductive or mating systems maintain the highest variability 
within populations. Silva (2006) studied the genetic diversity and structure of natural palm 
populations of Geonoma schottiana Mart., and reported a value ​​of 86.5% within populations, 
suggesting high variability within populations; in woody species, genetic variation is gener-
ally greatest within populations (Aagard et al., 1998).

The high value obtained for HT shows that in these populations the species has a re-
serve of genetic variability. A similar result was obtained by Mendonça (2006) in an analysis 
of the genetic diversity of Calophyllum brasiliense Camb., who obtained a high value of HT 
(0.402). According to Hamrick and Godt (1990), one can expect high levels of total genetic 
diversity in tree species with a long-life cycle, a mixed mating system, an efficient mechanism 
of pollen and seed dispersal, and with a wide geographical distribution. Since the babassu 
palm has these characteristics, a high genetic diversity was expected. 

The gene flow for the babassu populations was low (0.879). Note that gene flow 
values ​​below 1 correspond to the occurrence of genetic isolation (Wright, 1931), indicating 
the need to initiate the implementation of conservation strategies for the species. Gene flow 
both within and between populations depends, of course, on the reproductive structure. The 
babassu palm has a mixed mating system, with a predominance of cross-fertilization, and is 
mostly pollinated by the nitidulid beetle M. mexicana (Anderson and Balick, 1988; Anderson 
et al., 1988). Therefore, the gene flow result can be explained by the distance between the three 
populations, which prevented allelic exchange between them.

The genetic differentiation between populations was 40.48%, which was slightly less 
than the variation between the genotypes of each population (59.52%). This greater variation 
within populations can be explained by the mechanism of pollen dispersal within populations. 
Oliveira and Silva (2008) studied genetic differentiation among açaí palm progenies using 
RAPD markers, and found that 75.85% of the genetic variability was between accessions of 
each origin and 30.12% was between accessions. Similar results have been recorded in natural 
populations of Euterpe edulis (Cardoso et al., 2000), using AFLP, and peach palm races by 
RAPD markers (Rodrigues et al., 2004), and both were dominant, i.e., the genetic differentia-
tion in palms is high, and variability is greatest within populations. 

According to Bawa (1992), tropical woody plants that predominantly cross-fertilize 
may differ in the percentage of genetic differentiation between populations, depending on 
the species. Analysis of molecular variance has been conducted to determine levels of ge-
netic differentiation in palm germplasm (populations, types, ecotypes, etc.) conserved in 
gene banks and/or germplasm collections, based on different classes of molecular markers 
(Cardoso et al., 2000). However, no studies have been conducted on the grouping of palms 
belonging to the species A. speciosa Mart., maintained in germplasm collections or in natu-
ral populations.
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