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Abstract

Acrocomia aculeata is a perennial, fruit-producing palm tree, native to tropical forests. Its fruits have spurred interest
because of their significant potential for use in the cosmetic industry and as feedstock for biofuel. In the present
study, the genetic structure and mating system in Acrocomia aculeata were analyzed, using eight nuclear micro-
satellite loci and samples from São Paulo and Minas Gerais states, Brazil. By means of Bayesian analysis, these
populations were clustered into two or three groups. A high multilocus outcrossing rate suggests that outcrosses
were predominant, although a certain degree of biparental inbreeding also occurred. Thus, although monoecious
and self-compatible, there is every indication that A. aculeata bears a mixed reproductive system, with a predomi-
nance of outcrossing. Given the genetic structure revealed hereby, future conservation strategies and germplasm
collecting should be focussed on sampling and preserving individuals from different clusters.
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The macaw palm (Acrocomia aculeata (Jacq.) Lood.

ex Mart.), a perennial, fruit-producing palm-tree native to

tropical forests, is widely distributed throughout Central

and South America. In Brazil, it occurs in the states of

Ceará, Minas Gerais, Mato Grosso, Mato Grosso do Sul

and São Paulo, as well as the southern portions of the coun-

try (Scariot et al., 1995). It is encountered at high densities

in pastures, where it is the dominant tree species (Scariot et

al., 1991, 1995). Even so, distribution is restricted across its

entire geographical range.

Acrocomia aculeata is an arborescent, spiny, sin-

gle-stemmed palm. It can reach up to 16 m in height. It is

monoecious and both beetle- and wind-pollinated, having

been described as self-compatible (Scariot et al., 1991). Its

fruits constitute a potential source of oil for the cosmetic in-

dustry and as feedstock biofuel.

Despite its economic potential, little is known about

the reproductive biology, genetic structure and genetic di-

versity of natural populations of A. aculeata, studies having

primarily focused either on its geographic distribution or

the occurrence of pernicious species (e.g., Motta et al.,

2002). The rapid degradation of natural areas throughout

southeast Brazil makes specific knowledge essential for the

conservation and sustainable exploitation of this species.

Thus, the aim was to describe the plant’s genetic structure

and estimate the mating rate in the families examined, by

using eight nuclear microsatellite markers.

Only young leaves were collected from each plant.

The samples were collected at least 100 m apart, to so avoid

the inclusion of siblings. To assess genetic structure, 93

adults were sampled in ten locales of São Paulo State:

Piquerobi (N = 11), São Pedro do Turvo (hereafter SP

Turvo, N = 5), São Simão (N = 10), Barbosa (N = 9), Santa

Rosa (hereafter Sta Rosa, N = 8), Mococa (N = 7), Casa

Branca (hereafter Cs Branca, N = 5) Amparo (N = 10),

Dourado (N = 8) and Campinas (N = 10), as well as one in

Minas Gerais State – Ibituruna (N = 10) (Figure 1). For

studying the mating system, seedlings were collected

around adult trees from nine maternal families in two towns

in São Paulo State (Amparo and SP Turvo) and one in

Minas Gerais State (Ibituruna) (Table 1).

Genomic DNA was isolated according to Doyle and

Doyle (1990). The microsatellite primers and PCR condi-

tions described in Nucci et al. (2008) were applied. Data,

collected automatically with an ABI-377 sequencer, were

analyzed by GeneScan/Genotyper software (Applied Bio-

systems), using ROX-500 as size-standard.

The assignment of individuals to populations and the

individual admixture proportion were implemented in
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structure (Pritchard et al., 2000). The admixture model and

an independent-allele-frequency model without prior popu-

lation information were used. Following a burn-in period of

50,000, ten independent runs were carried out for each

value of K (from 1 to 15), with 500,000 iterations. The true

value of K (�K) was chosen according to Evanno et al.

(2005).

Mating system analysis, employing the MLTR pro-

gram (Ritland, 2002) was with the Expectation-Maximi-

zation method. The following parameters were estimated:

tm (multilocus outcrossing rate), ts (unilocus outcrossing

rate), tm - ts (degree of biparental inbreeding), rp (paternity

correlation), and Fm (inbreeding coefficient of maternal

parents). Standard errors were calculated based on 1000

bootstraps. As the outcrossing rate was estimated for seed-

lings in nature, there may be bias when compared to the real

rates, due to inbreeding depression that could have oc-

curred between mature seeds and established seedlings

(Hufford and Hamrick, 2003; del Castillo and Trujillo,

2008).

When using the Bayesian-based approach, there was

no single estimate for K by which it was possible to clearly

define the current macaw population structure. Two high

�K values were observed, a first peak at K = 2 and a second

at K = 3. At both of these, Piquerobi, São Simão, Sta Rosa,

SP Turvo and Ibituruna could be mainly allocated to one of

the resultant K clusters, and the remainder to more than one

(Figure 2). The individuals from São Simão and Sta Rosa

belonged to cluster black (K = 2, 96% and 82%; K = 3, 95%

and 75%, respectively), those from Piquerobi to cluster red

(K = 2, 95%; K = 3, 95%) and those from Ibituruna to either

cluster red (K = 2, 95%) or blue (K = 3, 95%).

Piquerobi, the westernmost population sampled, and

far distant from the others, differed significantly from the

remainder. This isolation could have caused the observed

differentiation. Furthermore, Piquerobi is located on the

border of the ranges of A. aculeata and A. totai (Lorenzi et

al., 2010), whereby a certain degree of hybridisation can be

expected. The populations of São Simão and Sta Rosa were

also very different from the remainder. The two are located

on a basaltic cuesta, on a landscape marked by hilly relief.

Both sites are surrounded by escarpments that limit contact

with other macaw-palm populations, this isolation possibly

having led to genetic differentiation. Finally, Ibituruna is

located in a different state, whereby the consequential limit

in gene flow and enhancement of mutual genetic differenti-

ation.

The multilocus outcrossing rate (tm) among families

ranged from 0.73 to 1.0, with an average of 0.65, thereby

presupposing a mixed mating system, with the predomi-

nance of outcrossing. The single-locus overall family esti-

mate (ts) was 0.44, which varied from 0.64 to 0.99 among

families. The high tm values (0.73-1.0), confirming the

mixed reproductive system as being characteristic of the

macaw palm, is in accordance with a reproductive-biology

study by Scariot et al. (1991). These values are comparable

with those found for other tropical trees, which are gener-

ally outcrossers (e.g., Caryocar brasiliense (tm = 1.0);
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Figure 1 - Sampling localities. MG = Minas Gerais; MS = Mato Grosso do

Sul; RJ = Rio de Janeiro; PR = Paraná.

Figure 2 - The best clustering results (K = 2 and K = 3) for Acrocomia

aculeata samples. Each individual is represented by a vertical line parti-

tioned into colored segments (black, red and blue), the length of which is

proportional to the individual’s cluster-membership coefficients.

Table 1 - Mating system parameters in 9 families of Acrocomia aculeata from three localities and overall families (all): number of families (nf), total sam-

ple size (N), multilocus outcrossing rate (tm), single-locus outcrossing rate (ts), outcrossing rate between related individuals (tm - ts), correlation of pater-

nity (rp) and inbreeding coefficient of maternal parents (Fm). Standard errors in parentheses.

Localities nf N tm ts tm - ts rp Fm

Amparo 6 54 0.73 (0.12) 0.64 (0.14) 0.09 (0.04) 0.04 (0.02) 0

Ibituruna 2 13 1.00 (0) 0.99 (0) 0.01 (0) 0 0

SP Turvo 1 10 1.00 (0) 0.99 (0) 0.01 (0) 0 0

All 9 77 0.65 (0.09) 0.44 (0.09) 0.21 (0.04) 0.29 (0.11) 0



Collevatti et al., 2001) and the palm tree Euterpe edulis

(tm = 0.90-0.98; Gaiotto et al., 2003)). Since A. aculeata is

monoecious, it may possess some kind of self-incompati-

bility mechanism that limits self-pollination. In addition, as

viability in seeds and seedlings produced by inbreeding is

usually lower than in outcrossed individuals, inbreds may

remain undetected due to large-scale, early mortality (Li-

nhart, 2000). Notably, established seedlings were sampled

in the present study.

The estimated tm - ts overall family value (0.21) indi-

cated that, although the outcrossing rate is high, some

cross-fertilization events do actually occur between close

relatives. The low rp overall family value indicated both a

low rate of correlated mating and that maternal seedlings

are predominantly compounded by half-sibs. Multiple-pa-

ternity was expected since A. aculeata is wind-pollinated

(Scariot et al., 1991), what might promote a high pollen car-

ryover.

The lowest tm value attributed to Amparo indicated a

lower outcrossing rate than that found in other families, this

possibly arising from biparental and uniparental (selfing)

inbreeding. As this population is the most isolated, geo-

graphic isolation could hinder interpopulation gene flow,

thereby enhancing inbreeding.

The results of this study indicate that, although mo-

noic and self-compatible, A. aculeata has a mixed repro-

ductive system, with a predominance of outcrossing.

Nevertheless, there is a certain degree of biparental in-

breeding, most likely due to the limited flight range of

pollinators and restriction in seed dispersal. Although seeds

can be dispersed by large animals (Zorzi BT (2009) Mas-

ters Thesis, Universidade Federal do Mato Grosso do Sul),

most are dispersed by gravity, thereby remaining under the

mother-tree, subsequently giving rise to the numerous

seedlings actually observed thereabouts. Furthermore, as A.

aculeata individuals are spatially distributed in clumps and

beetle pollinators tend to forage inside these clumps, there

is an increase in inter-relative mating. Given the genetic

structure revealed by this study, future conservation strate-

gies and germplasm collection for the macaw palm should

focus on sampling and preserving individuals belonging to

different clusters.
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