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Resumen 
 

 

Acrocomia aculeata es una especie de palmera arbórea ampliamente distribuida en el 

Neotrópico, desde México hasta Argentina, incluidas algunas islas del Caribe. El aceite de la fruta 

se utiliza para la producción de biodiesel, consumo humano y combustible de biomasa. A pesar de 

la necesidad de conocer mejor esta especie para su uso comercial y conservación, el conocimiento 

de la diversidad genética y la estructura de la misma es escaso en Mesoamérica. En este estudio, 

se usaron marcadores microsatélites para analizar 185 muestras de A. aculeata, de 18 sitios de 

muestreo, que cubrieron esencialmente la vertiente pacífica de Costa Rica. Así, se encontró una 

baja diversidad genética en los sitios de muestreo, con valores de He por debajo de 0,50, que es 

inferior a los niveles de diversidad encontrados en América del Sur. Curiosamente, las muestras 

recolectadas en los parques nacionales Santa Rosa y Rincón de la Vieja exhibieron la mayor 

diversidad genética (He = 0.42 y He = 0.50, respectivamente). Los 18 sitios de muestreo se 

estructuraron en tres conglomerados. El grupo A, abarcó muestras recolectadas en el Pacífico 

noroeste inferior, el Pacífico central y la región central de Costa Rica. El grupo B consistió en 

muestras de sitios del noroeste del Pacífico superior. El conglomerado C incorporó muestras de la 

región del Pacífico sureste, estando en gran parte separado de los conglomerados A y B, lo cual 

fue respaldado por los coeficientes de diferenciación más altos. Este es el primer estudio de 

diversidad genética de A. aculeata en Mesoamérica; por lo tanto, nuestros resultados sirven como 

referencia para futuros estudios sobre diversidad de germoplasma en esta región y como línea de 

base para futuros esfuerzos de conservación y manejo de la especie. 

Palabras clave: Coyol, PCR multiplex, Mesoamérica, conservación, diferenciación y recursos 

genéticos, poblaciones discontinuas.  
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Abstract 
 

 

Acrocomia aculeata is a tree palm species widely distributed throughout the Neotropics, 

from Mexico to Argentina including some Caribbean islands. The oil from the fruit is used for 

biodiesel production, human consumption, and biomass fuel. Despite the need to better understand 

its genetic diversity for commercial use and conservation, genetic diversity and structure 

knowledge of this species is scarce in Mesoamerica. We used microsatellite markers to analyze 

185 samples of A. aculeata, from 18 sampling sites, that essentially covered geographic 

distribution of this species in Costa Rica. We found low genetic diversity across sampling sites, 

with He values below 0.50 which, is lower than diversity levels found in South America. 

Interestingly, samples collected in the national parks Santa Rosa and Rincón de la Vieja National 

exhibited the highest genetic diversity (He = 0.42 and He = 0.50, respectively). The 18 sampling 

sites were structured in three clusters. Cluster A contains samples collected in the lower 

northwestern Pacific, Central Pacific, and Central Region of Costa Rica. Cluster B consisted of 

samples from sites in the upper northwestern Pacific. Cluster C contains samples from the 

southeastern Pacific region, being largely separated from Clusters A and B which was supported 

by the highest differentiation coefficients. This is the first large genetic diversity study of A. 

aculeata in Mesoamerica; therefore, our results serve as reference for future studies on germplasm 

diversity studies in this region and a baseline for future conservation and management efforts of 

A. aculeata. 

Keywords: Coyol, multiplex PCR, Mesoamerica, conservation, differentiation genetic resources, 

discontinuous populations. 
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Introduction  
 

Acrocomia aculeata is widely distributed in the Neotropics from Mexico to Argentina, Bolivia, and 

Paraguay and also in the Caribbean (Henderson et al. 1995; Grayum 2003; Dransfield et al. 2008). Its center 

of origin is presumed to be in South America and the highest diversity appears to be in southeastern Brazil 

(Scariot et al. 1995; Lanes et al. 2015; de Lima et al. 2018). This conclusion is also supported by Diaz et 

al. (2021) who found the highest genetic diversity of A. aculeata in Brazil and the lowest diversity in 

samples from Central America. Moreover, fossil records demonstrated that human introduction of this palm 

tree to Central America came from South America (Morcote-Ríos and Bernal 2001).  

In Costa Rica, A. aculeata frequently inhabits the Pacific lowlands, mostly from northwestern 

Guanacaste to the central Pacific slope and occasionally to the Osa Península and Punta Burica. It also 

occurs in the Guatuso plains in the northern Caribbean slope (Janzen 1983; Grayum 2003; Cornejo et al. 

2012). Particularly, the occurrence of this species was studied in the Guanacaste where individuals are 

dispersed in  the dry forest and pasturelands (Henderson et al. 1995; Esquivel-Mimenza et al. 2011). Cattle 

movement through pasturelands may facilitated dispersion in Costa Rica (Scariot 1998; Harvey et al. 2011).  

The province of Guanacaste suffered accelerated deforestation during some 170 years, converting 

forest into livestock pastures. This land usage, in turn, promoted pastureland management that inhibited A. 

aculeata regeneration (Harvey et al. 2011; Calvo-Alvarado et al. 2009). In addition, the long-time practice 

of cutting down adult palm trees to obtain the sap, and fermenting into a beverage, also threatens the species. 

This practice primarily occurs throughout Central American, including Costa Rica with prevalence in 

Guanacaste (Janzen 1983; Balick 1990; Chizmar-Fernandez 2009; Díaz et al. 2021). 

mailto:earaya@cenat.ac.cr
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The A. aculeata fruit contains high oil content and good quality vegetable oil (Navarro-Díaz et al. 

2014; Da Conceição et al. 2015; Lescano et al. 2015; Lieb et al. 2019) used to produce biodiesel, edible 

vegetable oil, and pharmaceutical products for the cosmetics industry. It also serves as a novel sustainable 

biomass feedstock and the post-fruit processing residues can be used as biomass fuel (Evaristo et al. 2016; 

Plath et al. 2016; Falasca et al. 2017). It has the potential to become a new commercial oilseed crop similar 

to that of oil palm if managed and bred properly (Colombo et al. 2018).  

Studies in Costa Rica have quantified carotenoid and tocopherol content in fruits (Schex et al. 

2018), oil content and fatty acid profile (Lieb et al. 2019), and variability of fruit morphology and oil 

composition in three locations (Alfaro-Solís et al. 2020). Despite these efforts, there are no studies yet that 

describe the genetic diversity of A. aculeata at large scale in Costa Rica. Molecular markers such as 

microsatellites and SNPs have played an important role in describing genetic diversity, structure and mating 

system of natural populations and germplasm collections of A. aculeata (Abreu et al. 2012; Lanes et al. 

2015, 2016; Mengistu et al. 2016b; Silva et al. 2017; Coelho et al. 2018; Diaz et a. 2021; Laviola et al. 

2022). Therefore, the aim of this study is to estimate the genetic diversity and to determine the structure of 

A. aculeata from samples collected in the range of geographic occurrence in Costa Rica, using microsatellite 

markers to generate a baseline for future use and conservation of this promising species in Costa Rica. 

 

Materials and Methods 
 

Biological Material and Study Area 

 

The study area comprised four regions in Costa Rica i.e., Brunca, Central, Chorotega, and Huetar 

Norte with a total of 18 sampling sites (Supplementary Table 1). We collected 185 samples in the following 

18 sites: (1) La Cruz, (2) Guanacaste National Park (hereinafter referred as Guanacaste), (3) Santa Rosa 

National Park (hereinafter referred as Santa Rosa), (4) Liberia, (5) Rincón de la Vieja National Park 

(hereinafter referred as Rincón de la Vieja), (6) Caño Negro National Wildlife Refuge (hereinafter referred 

as Caño Negro), (7) Santa Cruz, (8) Nicoya, (9) Barra Honda, (10) Cañas, (11) Tilarán, (12) Abangares, 

(13) Chomes, (14) Orotina, (15) Atenas, (16) Turrubares, (17) Paso Real, and (18) Península de Osa (Figure 

1). This sampling essentially covered almost all of Costa Rica’s current geographic occurrence of A. 

aculeata. The number of collected individuals per site is displayed in the Supplementary Table 1. 

Each sampling site consisted of areas where mature reproductive trees (either flowering or fruiting) 

were growing relatively dispersed. The minimum distance between trees in each site was ca. 40-100 m, 

depending on the total number of trees.  A leaflet lamina fragment of about 20 cm in length from each palm 
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tree sample was collected in conical plastic tubes of 50 mL containing table salt to avoid sample 

degradation. Upon arrival at the laboratory, the table salt was carefully removed, and samples were 

lyophilized (CHRIST BETA 1-8LD plus, Germany) prior to DNA extraction. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 1. Distribution of 18 sampled sites of Acrocomia aculeata, representing 

three clusters obtained thorough Structure. Sampled sites 1: La Cruz, 2: 

Guanacaste, 3: Santa Rosa, 4: Liberia, 5: Rincón de la Vieja, 6: Caño Negro, 7: 

Santa Cruz, 8: Nicoya, 9: Barra Honda, 10: Cañas, 11: Tilarán, 12: Abangares, 

13: Chomes, 14: Orotina, 15: Atenas, 16: Turrubares, 17: Paso Real, 18: 

Península de Osa. Green squares, red triangles and blue circles represent 

Cluster A, Cluster B and Cluster C, respectively. 

 

Figura 1. Distribución de 18 sitios de muestreo de Acrocomia aculeata, 

representados en tres grupos según su estructura genética. Sitios muestreados 1: 

La Cruz, 2: Guanacaste, 3: Santa Rosa, 4: Liberia, 5: Rincón de la Vieja, 6: 

Caño Negro, 7: Santa Cruz, 8: Nicoya, 9: Barra Honda, 10: Cañas, 11: Tilarán, 

12: Abangares, 13: Chomes, 14: Orotina, 15: Atenas, 16: Turrubares, 17: Paso 

Real, 18: Península de Osa. Los cuadrados verdes, los triángulos rojos y los 

círculos azules representan el Grupo A, el Grupo B y el Grupo C, 

respectivamente. 
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DNA Isolation and Microsatellite Genotyping Using Multiplex PCR  

 

For DNA isolation, 50 mg of dried leaflet lamina were ground in a homogenizer Fastprep-24 

(MP Biomedicals, USA) using lysing matrix A (MP Biomedical, USA). A CTAB-based method was 

employed for DNA isolation (Quirós-Guerrero et al. 2019). The DNA concentration was measured with a 

spectrophotometer (NanoDrop, Thermo Scientific, USA) and diluted (~30 ng/µL) for PCR amplification.  

Twelve microsatellite markers previously developed for A. aculeata (Nucci 2007; Nucci et al. 

2008) and Astrocaryum aculeatum (Ramos et al. 2012) were used. The selection criteria of microsatellites 

included the level of polymorphism, informativeness previously reported (Lanes et al. 2015, 2016; 

Mengistu et al. 2016b; Coelho et al. 2018) and expected allele size. The forward primer of each 

microsatellite was labeled with any of four fluorescent dye labels, i.e., 6-FAM, VIC, NED, and PET for 

multiplex PCR assays. Several primer combinations and concentrations were iteratively performed to 

obtain three PCR multiplexes (Table 1). Each multiplex PCR reaction (final volume 25 µL) contained PCR 

Master Mix (1X DreamTaq Master Mix, ThermoFisher Scientific, USA), bovine serum albumin (0.01 mg, 

Sigma, USA), DMSO (2%, Sigma, USA), and DNA (∼60 ng). Additionally, MgCl2 (0.5 mM, Thermo 

Scientific, USA) and DNA Taq polimerase (1 Unit, ThermoFisher Scientific, USA) were added. The 

primer concentrations varied according to the optimized multiplexes (Table 1).   

The amplification was performed in a thermal cycler (VeritiTM, Applied Biosystems, USA) with 

the following profile: one cycle at 95 ºC for 5 min followed by 35 cycles at 95 ºC for 30 s, 55 ºC for 30 s, 

72 ºC for 1 min, with a final extension at 72 °C for 8 min. Multiplex PCR products were visualized by 

capillary electrophoresis in the ABI 3130xl Genetic Analyzer (Applied Biosystems, USA) with the 

combination of 1.5 µL of the multiplex PCR product, 0.4 µL of GeneScan 600LIZTM (Applied Biosystems, 

USA), and 8.5 µL of Hi-Di Formamide (Applied Biosystems, USA). After capillary electrophoresis, allele 

binning and genotyping were manually inspected with GeneMapperTM v4.0 software (Applied Biosystems, 

USA) for further data analysis. 
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Table 1. Primer sequences with its respective fluorescent dye label of 12 microsatellites and the final concentration 

used for the multiplex PCR amplification in DNA of A. aculeata. 

Cuadro 1. Secuencias nucleotídicas 12 de los cebadores tipo microsatélite con su respectivo marcador de colorante 

fluorescente y la concentración final utilizada para la amplificación por PCR multiplex de los fragmentos de ADN 

en A. aculeata. 

Microsatellite 

name (SSR) 

Fluorescent dye-                                           

Sequence of forward primer (5` - 

3`) 

Sequence of reverse primer (5` - 

3`) 

Final 

concentration 

(μM)  

Multiplex 

PCR 
Reference 

Aacu10 
NED- 

TGCCACATAGAGTGCTTGCT 
CTACCACATCCCCGTGAGTT 0.15 1 

Nucci et 

al. 2008 

Aacu45 
6FAM- 

CAGACTACCAGGCTTCCAGC 
TCATCATCGCAGCTTGACTC 0.20 1 

Nucci 

2007 

Aacu74 
VIC- 

TACTGTTGTGCCAAGTCCCA 
GAGCACAAGGGGGATATCAA 0.20 1 

Nucci 

2007 

Aacu07 
VIC- 

ATCGAAGGCCCTCCAATACT 
AAATAAGGGGACCCTCCAA 0.19 2 

Nucci et 

al. 2008 

Aacu12 
NED- 

GAATGTGCGTGCTCAAAATG 
AATGCCAAGTGACCAAGTCC 0.13 2 

Nucci et 

al. 2008 

Aacu26 
6FAM- 

ACTTGCAGCCCCATATTCAG 
CAGGAACAGAGGCAAGTTC 0.19 2 

Nucci et 

al. 2008 

Aacu30 
6FAM- 

TGTGGAAGAAACAGGTCCC 
TCGCCTTGAGAAATTATGGC 0.19 2 

Nucci et 

al. 2008 

Aac09 
VIC- 

AGCGTAATAGCATCCCTTGC 
AGTCCAGTGTTCTTCCCCTG 0.13 2 

Ramos et 

al. 2012 

Aac06 
6FAM- 

TCTGATCCATCTGGTTGTCTAA 
TGCATGGTGCTAGAGTAATCC 0.20 3 

Ramos et 

al. 2012 

Aac14 
6FAM- 

GGCCAGTTGTGTTGATGAAA 
TTAAGCCCCTGGTGAAAACA 0.20 3 

Ramos et 

al. 2012 

Aac04 
VIC- 

GCATTGTCATCTGCAACCAC 
GCAGGGGCCATAAGTCATAA 0.20 3 

Ramos et 

al. 2012 

Aac12 
NED- 

GCTCTGTAATCTCGGCTTCCT 
TCCAGTTCAAGCTCTCTCAGC 0.20 3 

Ramos et 

al. 2012 

 

Microsatellite Informativeness, Genetic Diversity and Structure of A. aculeata 

  

Genotyping data matrix was run in the R package adegenet (Jombart 2008) version 2.1.2 to create 

a genind class object with the data organized according to sampling sites. Each sampling site was 
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considered a putative population. Further, the R package hierfstat (Goudet 2005) version 0.04-22 was used 

to analyze the genetic diversity through the estimation of number of alleles per population, He, Ho, number 

of effective alleles (Ne), and private alleles (Np). With the aid of the R package pegas (Paradis 2010) 

version 0.12, the inbreeding coefficient through F Statistic (Fst) was estimated (Wright 1965). Finally, the 

Polymorphic Information Content (PIC) was estimated using the R package polysat (Clark and Jasieniuk 

2011) version 1.7.  The intra- and interpopulation differentiation were also examined with an AMOVA 

using poppr (Kamvar et al. 2014) version 2.8.3 and ade4 (Dray and Dufour 2007) version 1.7-13. 

In order to study the genetic structure, the genotyping table was used in the software Structure 

version 2.3.4 (Pritchard et al. 2000) configured with eight repetitions for each possible number of groups 

(K from 1 to 8), burn-in of 50,000 and 100,000 repetitions of the Markov Chain Monte Carlo. The Structure 

results were used as input to estimate the best K number with Structure Harvester (Earl and von Holdt 

2012) according to Evanno et al. (2005). This represents the most probable number of populations based 

on the inferred ancestry of each individual. 

The genetic distance matrix of Nei was obtained with the R package mmod (Winter 2012) 

version 1.3.3. Besides, the genetic distance matrix was used in a UPGMA analysis to construct 

dendrograms in MEGA6 (Tamura et al. 2013) and DAPC using adegenet (Jombart 2008) to identify the 

separation between clusters. Finally, the Mantel test was performed using the package ade4 (Dray and 

Dufour 2007) to study the correlation between the matrix of genetic distances and geographic distances 

which results were visualized with an isolation by distance figure made with MASS (Venables and Ripley 

2002) version 7.3-51.5. 

 

Results 
 

Microsatellite Informativeness  

 

Three of 12 SSRs were monomorphic (Aac12, Aacu45, and Aacu74). Table 2 displays the 

parameter of informativeness for nine polymorphic SSRs that accounted for a total of 39 different alleles. 

The number of alleles at each locus ranged from 3–7 with an average of 4.33 alleles per locus. Three SSRs 

(Aac04, Aacu10, and Aac14) exhibited the highest number of alleles (Na) and expected heterozygosity 

(He). The least number of different alleles was observed in Aacu07, Aacu12, and Aacu26. Five SSRs 

(Aac04, Aac14, Aac09, Aac06, and Aacu26) were highly informative (PIC > 0.5), while the remaining 

four (Aacu10, Aacu12, Aacu07, and Aacu30) were reasonably informative (0.5 > PIC > 0.25) (Botstein et 
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al. 1990) (Table 2). On the other hand, Fst values (Table 2) indicate that there is moderate to high levels of 

differentiation among populations. However, typically, a Fst = 0.334, is considered high for most tropical 

plants. 

Table 2. Genetic diversity parameters for nine polymorphic microsatellites amplified 185 DNA samples of A. 

aculeata. NA: number of alleles, He: expected heterozygosity, Ho: observed heterozygosity, PIC: Polymorphic 

Information Content and Fst as genetic differentiation coefficients. 

Cuadro 2. Parámetros de diversidad genética para nueve microsatélites polimórficos amplificados en el ADN de 

185 muestras de A. aculeata. NA: número de alelos, He: heterocigosidad esperada, Ho: heterocigosidad observada, 

PIC: Contenido de Información Polimórfica y Fst como coeficiente de diferenciación genética. 

 

Microsatellite Allele range (bp) Na He Ho PIC Fst 

Aac04 199-217 7 0,47 0,38 0,71 0,33 

Aac06 130-136 4 0,29 0,29 0,53 0,47 

Aac09 329-335 4 0,37 0,29 0,53 0,34 

Aac14 336-353 5 0,33 0,33 0,54 0,41 

Aacu07 132-138 3 0,25 0,35 0,36 0,18 

Aacu10 147-166 6 0,33 0,37 0,43 0,10 

Aacu12 168-172 3 0,19 0,26 0,35 0,26 

Aacu26 264-268 3 0,27 0,23 0,50 0,41 

Aacu30 247-252 4 0,15 0,15 0,40 0,50 

Average  4,33 0,29 0,29 0,48 0,33 

 

 Genetic Diversity and Structure of A. aculeata  

 

 The average number of alleles per population was 18.89. The lowest genetic diversity (He <  0.19) 

was found in samples collected in Península de Osa, Orotina and Abangares,  which also had a low number 

of effective alleles (Table 3). La Cruz, Atenas, Tilarán, Barra Honda, Chomes, Santa Cruz, and Nicoya 

0.23–0.28 registered an intermediate diversity. The sites with the highest diversity (He > 0.30) were 

observed in samples from Guanacaste, Liberia, Cañas, Caño Negro, Turrubares, Paso Real, Santa Rosa and 

Rincón de la Vieja. Santa Rosa and Rincón de la Vieja also displayed a high number of alleles when 

compared with other sites (Table 3). Regarding private alleles, we only found five private alleles of 147 bp 



9 
 

(Aacu10), 136 bp (Aac06), 250 bp (Aacu30), 331 bp (Aac09), and 264 bp (Aacu26), which amplified in 

samples of Caño Negro, Chomes, Liberia, Santa Cruz, and Tilarán, respectively (Table 3).  

Table 3. Genetic diversity parameters estimated in the 18 sampling sites of A. aculeata in Costa Rica. He: expected 

heterozygosity, Ho: observed heterozygosity, Na: number of alleles, Ne: number of effective alleles, Np: number of 

private alleles. 

Cuadro 3. Parámetros de diversidad genética estimados para 18 sitios de muestreo de A. aculeata en Costa Rica. 

He: heterocigosidad esperada, Ho: heterocigosidad observada, Na: número de alelos, Ne: número de alelos 

efectivos, Np: número de alelos privados. 

 

Site of collection Na Ne He Ho Np 

Abangares 16 1,30 0,19 0,17 0 

Atenas 20 1,35 0,24 0,22 0 

Barra Honda 18 1,42 0,26 0,30 0 

Cañas 19 1,55 0,32 0,27 0 

Caño Negro  17 1,59 0,33 0,36 1 

Chomes 19 1,42 0,26 0,22 1 

Guanacaste  18 1,59 0,31 0,40 0 

La Cruz 15 1,34 0,23 0,31 0 

Liberia 25 1,62 0,32 0,28 1 

Nicoya 24 1,52 0,28 0,24 0 

Orotina 14 1,26 0,18 0,20 0 

Paso Real 17 1,75 0,35 0,41 0 

Península de Osa 19 1,23 0,17 0,09 0 

Rincón de la Vieja  24 1,96 0,50 0,48 0 

Santa Cruz 20 1,50 0,28 0,24 1 

Santa Rosa  20 1,84 0,42 0,43 0 

Tilarán 16 1,50 0,26 0,28 1 

Turrubares 19 1,65 0,33 0,30 0 

Average 18,89 1,52 0,29 0,29  
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The AMOVA indicated that 20.82% of the total genetic variation was explained between regions 

(Brunca, Central, Huetar Norte, and Chorotega) and 20.39% was explained between sampling sites within 

regions. The least variation (3.13%) was observed between samples within each site and the greatest 

differentiation (55.65%) occurred within samples (Supplementary Table 2). Bayesian analysis revealed 

that the genetic structure among A. aculeata populations is best described by three distinct clusters 

according to the highest ΔK value (182.86) (Supplementary Figure 1). Cluster A is comprised of samples 

collected at Barra Honda, Nicoya, Santa Cruz, Cañas, Tilarán, Bagaces, Chomes, Orotina, Atenas, and 

Turrubares. Cluster B comprised samples from La Cruz, Guanacaste, Santa Rosa, Liberia, Rincón de la 

Vieja, and Caño Negro. Cluster C grouped samples of Paso Real and Península de Osa (Figure 2). The 

assignment of each individual within each of the clusters in Figure 2 is supported by the percentage 

assignment given by the Structure software (Supplementary Table 3). Figure 1 also shows the clustering 

observed in the structure analysis. 

 

 

 

 

 

Figure 2. Population structure of the 185 samples of A. aculeata collected in Costa Rica. Clusters 

assignment of samples (k=3) is based on the Bayesian analysis on Structure Software using 

microsatellite markers genotyping. 

Figura 2. Estructura poblacional de las 185 muestras de A. aculeata colectadas en Costa Rica. La 

asignación de grupos de muestras (k = 3) fue basado en el análisis bayesiano usando el software 

STRUCTURE utilizando los datos de genotipado de marcadores de microsatélites. 

 

The clustering obtained with Structure (Figure 2) was the same with that found with DPCA 

analysis (Supplementary Figure 2). Cluster C largely separated into Península de Osa and Paso Real from 

the remaining sites (Supplementary Figure 2A). This result is also consistent with the UPGMA that showed 

a separated branch for Península de Osa and Paso Real with a high bootstrap value (Figure 3) and observed 

Fst values. Cluster C registered an Fst value of 0.128 compared to Clusters A and B. The differentiation of 

Península de Osa was moderate to high with Fst values between 0.104 and 0.198, with an average of 0.145. 

The differentiation of Paso Real was low to moderate (mean Fst = 0.111) (Supplementary Tables 4 and 5).  
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Figure 3. UPGMA dendrogram of Acrocomia aculeata, estimated according to Nei’s 

genetic distance. The dendrogram reflects the same distribution of 18 sampled sites 

represented in figure 1. Sampled sites 1: La Cruz, 2: Guanacaste, 3: Santa Rosa, 4: 

Liberia, 5: Rincón de la Vieja, 6: Caño Negro, 7: Santa Cruz, 8: Nicoya, 9: Barra Honda, 

10: Cañas, 11: Tilarán, 12: Abangares, 13: Chomes, 14: Orotina, 15: Atenas, 16: 

Turrubares, 17: Paso Real, 18: Península de Osa. 

Figura 3. Dendrograma UPGMA de Acrocomia aculeata, estimado según la distancia 

genética de Nei. El dendrograma refleja la misma distribución de 18 sitios muestreados 

representados en la figura 1. Sitios muestreados 1: La Cruz, 2: Guanacaste, 3: Santa 

Rosa, 4: Liberia, 5: Rincón de la Vieja, 6: Caño Negro, 7: Santa Cruz, 8: Nicoya, 9: 

Barra Honda, 10: Cañas, 11: Tilarán, 12: Abangares, 13: Chomes, 14: Orotina, 15: 

Atenas, 16: Turrubares, 17: Paso Real, 18: Península de Osa. 

 

When Cluster C was not included in the DPCA analysis, a clearer separation of Clusters A and B 

was observed (Supplementary Figure 2B). The UPGMA (Figure 3) also shows a clear separation of 

Clusters A and B (bootstrap = 98) consistent with the DPCA and structure analyses. This clustering pattern 

was also supported by a moderate differentiation in both clusters with average Fst values of 0.065 and 

0.076, respectively (Supplementary Tables 4 and 5). In Cluster A, a subcluster with samples from Barra 

Honda, Nicoya, and Santa Cruz was observed (Figure 3). These sampling sites are geographically close 
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together (Figure 1). Inside Cluster B a separation of samples from Caño Negro was resolved with the DPCA 

and the UPGMA; this site is relatively closer to Liberia (Figure 3). This proximity was supported with the 

lowest Fst value (0.035) between Caño Negro and Liberia (Supplementary Table 4). Also, inside Cluster 

B, samples collected in three national parks (Santa Rosa, Guanacaste, and Rincón de la Vieja) seem to 

group into a subcluster. Interestingly, in the UPGMA this subcluster also yields a bootstrap value of 64. 

The correlation of genetic distances and geographical locations was explored with an isolation by 

distance (IBD) analysis (Supplementary Figure 3). A positive and significant correlation (r = 0.398; p < 

0.05) was obtained when all 185 samples were included in the analysis. Similarly, we found a significant 

but weak positive correlation (r = 0.200; p < 0.05) when samples from Península de Osa and Paso Real 

were excluded. In both cases, genetic and geographical distances displayed dependency on each other 

suggesting IBD of samples collected in this study (Supplementary Figure 3B). 

Discussion 
 

Genetic Diversity of Acrocomia aculeata 

 

The observed values of parameters such as He, Ne, and Ho in our study suggest that the genetic 

diversity of A. aculeata in Costa Rica is relatively low (Table 3). Studies of samples from an ex situ 

germplasm bank have shown higher genetic diversity, with almost the same set of SSRs as our work did. 

Lanes et al. (2015) found that with six SSRs the genetic diversity was between 0.55 and 0.74, while 

Mengistu et al. (2016a) reported a diversity range of 0.49–0.63 with ten SSRs. Comparison of our study 

results with those of A. aculeata studied in natural Brazilian populations support the conclusion that Costa 

Rica has low genetic diversity of A. aculeata. Higher levels of genetic diversity (He > 0.50) have been 

reported in natural populations in Brazil (Coelho et al. 2018; de Lima et al. 2020).  

Recently, Díaz et al. (2021) observed that with SNPs markers, samples from Brazil had the highest 

genetic diversity when compared with samples from Central America. They also found two groups of A. 

aculeata. The northern group included samples from Costa Rica, Trinidad and Tobago, Puerto Rico, 

Mexico, and Colombia which had the lowest genetic diversity. Despite using microsatellite markers, our 

results agree with those of Diaz et al (2021). 

Some researchers have proposed that the center of origin and diversification of A. aculeata is in 

South America (Lanes et al. 2015). Based on A. aculeata remains found from Brazil to Mexico (Morcote-

Ríos and Bernal 2001), and consistent with Janzen’s (1983) hypothesis that pre-Columbian Indians 

introduced A. aculeata into Costa Rica, humans may indeed have facilitated dispersion of this species from 

South to Central America. A. aculeata may also have been dispersed from the Caribbean islands, where 
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some samples have been collected to estimate genetic diversity (Diaz et al. 2021). The low genetic diversity 

found in our study supports this south to northward dispersion hypothesis. 

A factor that may further explain the low genetic diversity is that this species has not been found 

to grow naturally in any other specific habitats other than human-disturbed areas such as paddocks, 

abandoned land, along roadsides, and pasturelands (Janzen 1983, Harvey et al. 2011). Despite that, A. 

aculeata is essentially the most abundant tree palm species in the Guanacaste area, where several samples 

were collected, its density remain very low (0.75 individuals ha- 1) (Harvey et al. 2011), This contrasts 

strongly with the 300 individuals ha-1 found naturally in Brazil, where A. aculeata grows as aggregated 

clusters forming continuous forests stands (Coelho et al. 2018). In fact during the field trips, it proved 

difficult to locate sampling sites with groups of palm trees that met the selection criteria. This low density 

and fragmented distribution of A. aculeata, may restrict gene flow among dispersed individuals which may 

then explain the decreasing genetic diversity and differentiation among studied sites.  

Since intense cattleranching and timber extraction in Guanacaste were princpal drivers of 

deforestation in this region (Calvo-Alvarado et al. 2009), it is interesting to note that both Santa Rosa and 

Rincón de la Vieja recorded the highest genetic diversity. Both these national parks were established in 

Guanacaste since 1970 when cattleraising and forest clearing were prohibited. More sampling would be 

required to corroborate this interesting hypothesis.  

 

Genetic Structure of Acrocomia aculeata 

 

The structure analysis revealed three clusters (Figure 2) supported by the observed groupings in 

the UPGMA (Figure 3) and DPCA (Supplementary Figure 2). This structure had a moderate differentiation 

for Cluster A and Cluster B while for Cluster C the differentiation was higher. Furthermore, a significant 

IBD was observed between the three clusters (Supplementary figure 3A). The observed structure in this 

study may be explained by the dispersion pattern of A. aculeata associated with cattle ranching in Costa 

Rica (Harvey et al. 2011). This anthropogenic activity does not favor a continuous distribution of A. 

aculeata which probably limits gene flow.  

Cluster A includes sampling sites in the lower northwestern Pacific in the Nicoya Península area, 

Central Pacific and, Central Region of Costa Rica. Although there are mountainous areas and river basins 

that delimit these regions (Gabb 2007), no differentiation was observed within sampling sites of Cluster A. 

Despite this, in the UPGMA (Figure 3) a subcluster containing Barra Honda, Nicoya, and Santa Cruz was 

identified. These three sites are located in the lower northwestern Pacific region of Nicoya Península, while 
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sites of Central Pacific are separated by the Guanacaste Mountain Range foothills and the Tilarán Mountain 

Range (Solano-Quintero 2001)   

As shown in Figures 2 and 3, Cluster A and Cluster B are clearly separated. Sampling sites of 

Cluster B such as Liberia, Santa Rosa, Guanacaste, Rincón de la Vieja, and La Cruz are located in upper 

northwestern Pacific. This region is geographically located in the subregion of the Tempisque River 

Northeast Basin (Solano-Quintero 2001; Arroyo-Mora et al. 2005; Calvo-Alvarado et al. 2009). The first 

Spanish colonizers discovered that soil fertility was favorable for livestock raising in this basin. On the 

contrary, they found that soil characteristics and topology in the Nicoya Península were not suitable for 

this activity (Calvo-Alvarado et al. 2009).  

During the 1800s, in fact, landowners established large farms (>5000 ha) used for livestock 

intensification until 1972 (Hall 1984; Calvo-Alvarado et al. 2009). In the 1970s, most forests in Guanacaste 

were cleared due to the accelerated deforestation and converted into pastures for livestock, rice and sugar 

cane crops and some timberwood forestry. Therefore, the land use of these activities favored a discontinuos 

occurrence of A. aculeata which may explain the separation of both Cluster A and B. 

It is interesting to note, moreover, that the DPCA (Supplementary Figure 2) displayed a separation 

of Caño Negro from other sites inside this cluster. Caño Negro is located on the Caribbean slope in the 

lowland northern zone of Guatusos plains far enough from the rest of the sites which possibly explain 

genetic separation or differences between them. Finally, Cluster C (Península de Osa and Paso Real) was 

largely separated from the remaining sites, an observation supported by the highest differention coefficients 

(Supplementary Table 4).  Even when more sampling is needed to clearly elucidate Cluster C’s genetic 

structure, it is important to mention that the cultural use of A. aculeata in this region is traditionally much 

less than that in the northwestern Pacific region; this results in the species becoming less common and 

individuals more restricted or scattered across the region. 

 

Need for Acrocomia aculeata Genetic Characterization for Uses and Conservation Uses 

 

Our results are consistent with those of Diaz et al. (2021) that demonstrate low genetic diversity of 

A. aculeata in Costa Rica and other countries in Central America relative to genetic diversity in Brazil. 

Our study, therefore, serves as a useful input to conservation efforts in Costa Rica, as well as in other 

Mesoamerican countries. For example, in Costa Rica a germplasm bank is being established by our 

research group with seedlings found close to mature trees (when available) in our sampling sites. New seed 

and seedlings collections should consider our results to increase the number of accessions in germplasm 

bank collections. Once palm trees reach reproductive age, the genetic diversity impact of future 

outcrossings among different accessions should be estimated. 
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A. aculeata has tremendous potential for the biofuel and food industries as well as for other 

products. More understanding is needed in Mesoamerica, nonetheless, to develop commercial and 

conservation strategies for this species. This increased understanding depends on molecular, phenotypic, 

and biochemical description. For the latter to occur, traits related to oil content and the fatty acids profile 

require further study. Our results also contribute to future genetic diversity studies of oil-related traits in 

A. aculeata fruits in Costa Rica, similar to those studies by Da Conceição et al. (2015). A much deeper 

understanding of A. aculeata germplasm diversity will greatly enhance the species´s future conservation 

and management. 
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Conclusiones 
 

 

Esta investigación representó el primer estudio en Mesoamérica en el análisis de la diversidad 

genética y estructura de poblaciones naturales de Acrocomia aculeata en función de su biogeografía, 

y utilizando muestras de la vertiente pacífica de Costa Rica. Al haber examinado muestras silvestres, 

se concluye que los resultados obtenidos representan la variación natural permanente de esta especie 

en el país.  

Por otro lado, al utilizar un abordaje metodológico que integró la técnica PCR multiplex junto 

con electroforesis capilar de fluorescencia, se optimizó las condiciones para la amplificación de doce 

regiones microsatélites en A. aculeata. Lo anterior, permitió la evaluación simultánea de al menos 

cinco regiones microsatélite diferentes en una misma muestra. Esto, representó un importante ahorro 

en el uso de reactivos y un menor tiempo de duración de la investigación, aunado a la alta precisión 

y fiabilidad de la lectura automatizada por medio de electroforesis capilar.  

 

De esta manera, se encontró que tres de los doce microsatélites evaluados en diferentes 

poblaciones del país fueron monomórficos (Aac12, Aacu45 y Aacu74), por lo que se descartaron 

debido a su poca información. En contraste, Aac04, Aac14, Aac09, Aac06 y Aacu26 fueron los cinco 

microsatélites con mayor índice de polimorfismo de acuerdo con los parámetros de diversidad 

identificados. Además, esta especie mostró una alta transferibilidad con los marcadores diseñados 

para Astrocarium aculeatum. 

Asimismo, se observó una alta riqueza alélica poblacional, dado el número de alelos 

encontrados por población. Así, la mayor diversidad genética se registró en las poblaciones de Santa 

Rosa y Rincón de la Vieja, con altos niveles de heterocigosidad esperada y número de alelos 

efectivos. En contraste, las localidades de Península de Osa, Orotina y Abangares exhibieron la 

diversidad genética más baja, debido al bajo número de alelos efectivos y heterocigosidad esperada. 

Por otro lado, las únicas poblaciones que presentaron alelos privados fueron Caño Negro, Chomes, 

Liberia, Santa Cruz y Tilarán.  

Costa Rica presentó una diversidad genética considerablemente menor que lo reportado en 

Suramérica previamente. Esto pudo estar relacionado con la baja densidad de las poblaciones 
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encontradas principalmente en sitios perturbados por la urbanización y el uso ganadero de la tierra. 

Lo anterior, induce la autopolinización o el cruzamiento con individuos emparentados. Además, la 

limitada diseminación de polen y la restringida dispersión de semillas por parte del ganado limitan 

el flujo de genes y provocan una deficiencia de heterocigotos explicada por el alto nivel de 

consanguineidad.  

Por otra parte, la larga historia de uso humano, la deforestación pasada, la alta frecuencia de 

incendios forestales intencionales para despejar áreas tropicales secas o muy secas, así como las 

barreras geográficas y el aislamiento por distancia, pueden haber contribuido a la alta diferenciación 

genética y estructura espacial observada en este estudio. 
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Recomendaciones 

 

 

En relación con este estudio y tomando en cuenta la optimización de los resultados 

obtenidos, es recomendable la homogenización en la cantidad de muestras obtenidas por cada 

localidad, lo mismo que la mejora en el registro individual de las coordenadas de muestreo. Esto, 

reduciría la posibilidad de sesgo debido a errores de muestreo en las poblaciones de estudio.  

Ahora bien, dado que este estudio representa el primer abordaje en Mesoamérica encargado 

de comparar la diversidad genética de Acrocomia aculeata, se recomienda su replicación tomando 

en cuenta muestras de toda esta área. Lo anterior, permitiría la evaluación en conjunto de aspectos 

relacionados con la riqueza genética de la zona, con el fin de combinar esfuerzos para la 

conservación de la especie tanto en Costa Rica como otros países del área. De esta manera, se 

podría considerar la integración de accesiones geneticamente diferentes en el banco de 

germoplasma establecido en nuestro país. Esto permitiría evaluar la posibilidad de 

entrecruzamiento y mejoramiento genético de la especie para potenciar su cultivo para fines 

industriales. 

Finalmente, debido a la importancia económica que representa la obtención de aceite de 

esta especie, es recomendable reproducir este estudio utilizando marcadores genéticos que 

identifiquen regiones codificantes como los Polimorfismos de Nucleótido Único (SNPs, por sus 

siglas en inglés). Esto permitiría la evaluación y correlación de caracteres genéticos específicos 

relacionados con el contenido de aceite y el perfil de ácidos grasos en los frutos y semillas de A. 

aculeata en poblaciones de diferentes áreas geográficas. De esta manera, se podría elegir con 

fundamentos genéticos, a las poblaciones con mejores rendimientos de producción para su cultivo.  
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Anexos 
 

Supplementary table 1. Geographic and altitudinal information of the sampling sites of collection. 

Tabla complementaria 1. Información geográfica y altitudinal de los sitios de muestreo. 

 

Sampling Site 
Number of palm 

trees collected 
Region 

Latitude 

N 

Longitude 

W 

Altitude 

(masl) 

Abangares 16 Chorotega 10.29 -84.97 162 

Atenas 11 Central 9.94 -84.39 418 

Barra Honda 10 Chorotega 10.17 -85.43 176 

Cañas 7 Chorotega 10.44 -85.06 160 

Caño Negro  11 

Huetar 

Norte 10.88 -84.78 37 

Chomes 9 Chorotega 10.12 -84.90 103 

Guanacaste  9 Chorotega 10.95 -85.51 457 

La Cruz 4 Chorotega 11.05 -85.62 209 

Liberia 20 Chorotega 10.71 -85.60 162 

Nicoya 16 Chorotega 10.20 -85.50 178 

Orotina 5 Central 9.83 -84.59 166 

Paso Real 3 Brunca 9.00 -83.22 140 

Peninsula de Osa 19 Brunca 8.65 -83.46 16 

Rincon de la Vieja  10 Chorotega 10.77 -85.27 768 

Santa Cruz 13 Chorotega 10.22 -85.59 90 

Santa Rosa  8 Chorotega 10.91 -85.43 852 

Tilaran 4 Chorotega 10.49 -84.95 749 

Turrubares 10 Central 9.89 -84.22 127 

Total of samples 185     
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Supplementary table 2. Analysis of Molecular Variance (AMOVA) of 185 Acrocomia aculeata accessions  stratified 

using the hierarchy of regions and sites of collection. 

Tabla complementaria 2. Análisis de varianza molecular (AMOVA) de 185 accesiones de Acrocomia aculeata 

estratificadas utilizando la jerarquía de regiones y sitios de recolección. 

 

Supplementary table 3. Inferred ancestry of individuals with the percentage assignment of each sample within each 

of the cluster in Figure 2. 

Tabla complementaria 3. Ascendencia inferida de los individuos con la asignación porcentual de pertenencia de cada 

muestra dentro de cada uno de los conglomerados de la Figura 2. 

 

Sampling site Cluster A Cluster B Cluster C 

Abangares 0,980 0,015 0,006 

Abangares 0,917 0,070 0,013 

Abangares 0,984 0,010 0,006 

Abangares 0,983 0,010 0,007 

Abangares 0,989 0,006 0,005 

Abangares 0,961 0,029 0,010 

Abangares 0,973 0,020 0,007 

Abangares 0,973 0,019 0,007 

Abangares 0,704 0,282 0,014 

Abangares 0,941 0,050 0,010 

Abangares 0,982 0,012 0,006 

Abangares 0,707 0,278 0,015 

Abangares 0,944 0,047 0,010 

Abangares 0,938 0,054 0,008 

Abangares 0,986 0,009 0,005 

Abangares 0,950 0,040 0,010 

  Df % Variation Sum Sq P-value 

Variations  between 

region  
3 20,823,912 242,021 0.01* 

Variations  between site 

within region 
14 20,389,295 278,082 0.01* 

Variations  between 

samples within site 
167 3,132,185 4,509,348 0.06* 

Variations  within 

samples 
185 55,654,608 449 0.01* 

Total  369 100 14,200 - 
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Atenas 0,983 0,011 0,006 

Atenas 0,883 0,106 0,011 

Atenas 0,939 0,051 0,010 

Atenas 0,983 0,012 0,004 

Atenas 0,689 0,289 0,022 

Atenas 0,982 0,014 0,004 

Atenas 0,814 0,048 0,138 

Atenas 0,985 0,012 0,004 

Atenas 0,935 0,059 0,007 

Atenas 0,891 0,035 0,074 

Atenas 0,987 0,008 0,005 

Cañas 0,739 0,256 0,005 

Cañas 0,415 0,581 0,004 

Cañas 0,840 0,151 0,009 

Cañas 0,963 0,024 0,013 

Cañas 0,954 0,030 0,016 

Cañas 0,849 0,145 0,007 

Cañas 0,895 0,097 0,008 

Chomes 0,861 0,132 0,007 

Chomes 0,933 0,056 0,011 

Chomes 0,957 0,034 0,009 

Chomes 0,956 0,031 0,014 

Chomes 0,912 0,081 0,007 

Chomes 0,969 0,021 0,009 

Chomes 0,653 0,305 0,043 

Chomes 0,913 0,062 0,025 

Chomes 0,985 0,011 0,004 

Orotina 0,989 0,008 0,004 

Orotina 0,986 0,009 0,005 

Orotina 0,976 0,016 0,008 

Orotina 0,989 0,007 0,004 

Orotina 0,966 0,020 0,014 

Tilarán 0,670 0,325 0,005 

Tilarán 0,894 0,098 0,008 

Tilarán 0,959 0,032 0,009 

Tilarán 0,923 0,073 0,004 

Turrubares 0,978 0,016 0,006 

Turrubares 0,972 0,025 0,003 

Turrubares 0,972 0,021 0,007 

Turrubares 0,742 0,251 0,006 

Turrubares 0,989 0,007 0,004 

Turrubares 0,976 0,019 0,005 

Turrubares 0,881 0,112 0,007 
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Turrubares 0,983 0,011 0,006 

Turrubares 0,964 0,022 0,013 

Turrubares 0,975 0,020 0,005 

Barra Honda 0,964 0,015 0,021 

Barra Honda 0,984 0,009 0,008 

Barra Honda 0,991 0,006 0,004 

Barra Honda 0,962 0,016 0,023 

Barra Honda 0,983 0,011 0,006 

Barra Honda 0,989 0,007 0,005 

Barra Honda 0,984 0,007 0,008 

Barra Honda 0,987 0,009 0,005 

Barra Honda 0,944 0,021 0,036 

Barra Honda 0,964 0,010 0,026 

Nicoya 0,990 0,006 0,004 

Nicoya 0,987 0,007 0,007 

Nicoya 0,748 0,232 0,021 

Nicoya 0,957 0,038 0,005 

Nicoya 0,983 0,008 0,009 

Nicoya 0,978 0,018 0,004 

Nicoya 0,989 0,006 0,005 

Nicoya 0,987 0,008 0,005 

Nicoya 0,991 0,006 0,004 

Nicoya 0,969 0,018 0,013 

Nicoya 0,978 0,009 0,013 

Nicoya 0,913 0,076 0,012 

Nicoya 0,979 0,008 0,013 

Nicoya 0,927 0,069 0,003 

Nicoya 0,984 0,009 0,007 

Nicoya 0,971 0,024 0,005 

Santa Cruz 0,988 0,008 0,004 

Santa Cruz 0,990 0,006 0,004 

Santa Cruz 0,986 0,009 0,005 

Santa Cruz 0,922 0,071 0,006 

Santa Cruz 0,855 0,140 0,005 

Santa Cruz 0,955 0,034 0,011 

Santa Cruz 0,976 0,019 0,005 

Santa Cruz 0,984 0,012 0,004 

Santa Cruz 0,984 0,012 0,004 

Santa Cruz 0,979 0,016 0,005 

Santa Cruz 0,962 0,031 0,006 

Santa Cruz 0,977 0,014 0,009 

Santa Cruz 0,954 0,036 0,009 

Caño Negro  0,007 0,955 0,037 
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Caño Negro  0,006 0,962 0,032 

Caño Negro  0,010 0,947 0,043 

Caño Negro  0,016 0,975 0,010 

Caño Negro  0,008 0,963 0,029 

Caño Negro  0,008 0,977 0,015 

Caño Negro  0,025 0,960 0,016 

Caño Negro  0,011 0,879 0,110 

Caño Negro  0,010 0,980 0,011 

Caño Negro  0,014 0,975 0,011 

Caño Negro  0,008 0,982 0,009 

La Cruz 0,017 0,970 0,013 

La Cruz 0,016 0,976 0,009 

La Cruz 0,010 0,983 0,007 

La Cruz 0,012 0,980 0,008 

Liberia 0,007 0,985 0,008 

Liberia 0,015 0,966 0,019 

Liberia 0,011 0,968 0,021 

Liberia 0,009 0,972 0,020 

Liberia 0,110 0,881 0,009 

Liberia 0,009 0,986 0,005 

Liberia 0,007 0,983 0,010 

Liberia 0,007 0,983 0,010 

Liberia 0,015 0,978 0,006 

Liberia 0,049 0,944 0,007 

Liberia 0,047 0,949 0,004 

Liberia 0,044 0,951 0,005 

Liberia 0,069 0,925 0,006 

Liberia 0,042 0,953 0,006 

Liberia 0,135 0,858 0,007 

Liberia 0,026 0,964 0,010 

Liberia 0,015 0,962 0,024 

Liberia 0,015 0,966 0,019 

Liberia 0,014 0,915 0,071 

Liberia 0,036 0,958 0,006 

Santa Rosa  0,007 0,987 0,006 

Santa Rosa  0,272 0,718 0,011 

Santa Rosa  0,015 0,977 0,007 

Santa Rosa  0,028 0,963 0,009 

Santa Rosa  0,007 0,989 0,005 

Santa Rosa  0,059 0,934 0,006 

Santa Rosa  0,013 0,982 0,006 

Santa Rosa  0,017 0,978 0,005 

Guanacaste  0,009 0,985 0,006 
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Guanacaste  0,035 0,956 0,009 

Guanacaste  0,017 0,975 0,008 

Guanacaste  0,010 0,984 0,006 

Guanacaste  0,028 0,966 0,006 

Guanacaste  0,030 0,965 0,005 

Guanacaste  0,037 0,956 0,007 

Guanacaste  0,088 0,906 0,006 

Guanacaste  0,023 0,962 0,015 

Rincón de la Vieja  0,011 0,985 0,004 

Rincón de la Vieja  0,081 0,909 0,010 

Rincón de la Vieja  0,106 0,847 0,047 

Rincón de la Vieja  0,006 0,927 0,067 

Rincón de la Vieja  0,007 0,981 0,011 

Rincón de la Vieja  0,048 0,948 0,005 

Rincón de la Vieja  0,020 0,946 0,034 

Rincón de la Vieja  0,005 0,991 0,004 

Rincón de la Vieja  0,011 0,967 0,022 

Rincón de la Vieja  0,006 0,988 0,005 

Paso Real 0,049 0,198 0,752 

Paso Real 0,082 0,049 0,869 

Paso Real 0,064 0,176 0,760 

Península de Osa 0,006 0,006 0,988 

Península de Osa 0,006 0,009 0,985 

Península de Osa 0,007 0,008 0,985 

Península de Osa 0,006 0,006 0,988 

Península de Osa 0,008 0,006 0,986 

Península de Osa 0,019 0,005 0,976 

Península de Osa 0,004 0,004 0,992 

Península de Osa 0,004 0,006 0,991 

Península de Osa 0,004 0,004 0,992 

Península de Osa 0,003 0,004 0,993 

Península de Osa 0,004 0,004 0,992 

Península de Osa 0,006 0,007 0,987 

Península de Osa 0,006 0,007 0,987 

Península de Osa 0,016 0,005 0,979 

Península de Osa 0,004 0,004 0,992 

Península de Osa 0,010 0,019 0,971 

Península de Osa 0,004 0,005 0,991 

Península de Osa 0,011 0,013 0,976 

Península de Osa 0,011 0,013 0,976 
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Supplementary table 4. Differentiation coefficients between all the sampling sites estimated by pairwise FST according to Nei. 

Tabla complementaria 4. Coeficientes de diferenciación entre todos los sitios de muestreo estimados usando FST por pares según Nei. 

 

  Abangares Atenas 
Barra 

Honda 
Cañas Caño Negro  Chomes Guanacaste  

La 

Cruz 
Liberia Nicoya Orotina 

Paso 

Real 

Península 

de Osa 

Rincón de la 

Vieja  

Santa 

Cruz 
Santa Rosa  Tilarán Turrubares 

Abangares 0 0,0461 0,0631 0,0149 0,0844 0,0152 0,0546 0,1098 0,0589 0,038 0,0428 0,0986 0,1377 0,082 0,0207 0,0621 0,0149 0,0182 

Atenas 0,0461 0 0,0895 0,0115 0,0861 0,0224 0,0848 0,1606 0,0632 0,0833 0,059 0,1193 0,14 0,0892 0,0642 0,0874 0,072 0,047 

Barra Honda 0,0631 0,0895 0 0,0616 0,131 0,081 0,1119 0,1191 0,0994 0,0188 0,0565 0,1559 0,177 0,0957 0,0427 0,1017 0,071 0,0339 

Cañas 0,0149 0,0115 0,0616 0 0,062 0,0123 0,0423 0,102 0,0262 0,0443 0,0343 0,095 0,1291 0,0482 0,0295 0,0425 0,0239 0,0097 

Caño Negro  0,0844 0,0861 0,131 0,062 0 0,0627 0,0637 0,1102 0,0348 0,1181 0,1238 0,0747 0,1035 0,0728 0,1132 0,0697 0,0834 0,0952 

Chomes 0,0152 0,0224 0,081 0,0123 0,0627 0 0,0571 0,1235 0,0477 0,0671 0,0642 0,0767 0,1254 0,0751 0,0471 0,0622 0,0329 0,0338 

Guanacaste  0,0546 0,0848 0,1119 0,0423 0,0637 0,0571 0 0,07 0,0328 0,0907 0,0902 0,1003 0,1503 0,0252 0,0712 0,0027 0,0352 0,0502 

La Cruz 0,1098 0,1606 0,1191 0,102 0,1102 0,1235 0,07 0 0,0805 0,1043 0,1334 0,1466 0,1976 0,0461 0,1102 0,069 0,0619 0,0858 

Liberia 0,0589 0,0632 0,0994 0,0262 0,0348 0,0477 0,0328 0,0805 0 0,0885 0,0813 0,108 0,1252 0,032 0,0803 0,0289 0,0447 0,0508 

Nicoya 0,038 0,0833 0,0188 0,0443 0,1181 0,0671 0,0907 0,1043 0,0885 0 0,0475 0,1331 0,1622 0,0908 0,0103 0,0823 0,0399 0,0246 

Orotina 0,0428 0,059 0,0565 0,0343 0,1238 0,0642 0,0902 0,1334 0,0813 0,0475 0 0,1645 0,1915 0,093 0,0442 0,0825 0,0405 0,0109 

Paso Real 0,0986 0,1193 0,1559 0,095 0,0747 0,0767 0,1003 0,1466 0,108 0,1331 0,1645 0 0,0598 0,1019 0,1213 0,0988 0,1113 0,1205 

Península de 

Osa 
0,1377 0,14 0,177 0,1291 0,1035 0,1254 0,1503 0,1976 0,1252 0,1622 0,1915 0,0598 0 0,1411 0,1527 0,1412 0,1649 0,1582 

Rincón de la 

Vieja 
0,082 0,0892 0,0957 0,0482 0,0728 0,0751 0,0252 0,0461 0,032 0,0908 0,093 0,1019 0,1411 0 0,079 0,0024 0,0541 0,0525 

Santa Cruz 0,0207 0,0642 0,0427 0,0295 0,1132 0,0471 0,0712 0,1102 0,0803 0,0103 0,0442 0,1213 0,1527 0,079 0 0,0584 0,0216 0,0234 

Santa Rosa  0,0621 0,0874 0,1017 0,0425 0,0697 0,0622 0,0027 0,069 0,0289 0,0823 0,0825 0,0988 0,1412 0,0024 0,0584 0 0,0409 0,0457 

Tilarán 0,0149 0,072 0,071 0,0239 0,0834 0,0329 0,0352 0,0619 0,0447 0,0399 0,0405 0,1113 0,1649 0,0541 0,0216 0,0409 0 0,0184 

Turrubares 0,0182 0,047 0,0339 0,0097 0,0952 0,0338 0,0502 0,0858 0,0508 0,0246 0,0109 0,1205 0,1582 0,0525 0,0234 0,0457 0,0184 0 
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Supplementary table 5. Summary by average of Fst coefficients between each sampling site with the remaining sites. 

Tabla complementaria 5. Resumen promedio de coeficientes Fst entre cada sitio de muestreo con los sitios restantes. 

Cluster Sampling site Average 

A Cañas 0,046 

 Turrubares 0,052 

 Tilarán 0,055 

 Abangares 0,057 

 Chomes 0,059 

 Santa Cruz 0,064 

 Nicoya 0,073 

 Atenas 0,078 

 Orotina 0,080 

 Barra Honda 0,089 

Average of A   0,065 

B Santa Rosa  0,063 

 Liberia 0,064 

 Guanacaste  0,067 

 Rincón de la Vieja  0,069 

 Caño Negro  0,088 

 La Cruz 0,108 

Average of B   0,076 

C Paso Real 0,111 

 Península de Osa 0,145 

Average of C   0,128 
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Supplementary table 6. Genotyping of 185 samples used in this study with 9 polymorphic microsatellite DNA markers. The numbers represents the size in base 

bairs of the alleles amplified by PCR and detected by capillary electrophoresis coupled with fluorescence. 

Tabla complementaria 6. Genotipado de 185 muestras utilizadas en este estudio con 9 marcadores de ADN tipo microsatélites polimórficos. Los números 

representan el tamaño en pares de bases de los alelos amplificados por PCR y detectados por electroforesis capilar acoplada con fluorescencia. 

 

Sampling 

site Aac04 Aac04 Aac06 Aac06 Aac14 Aac14 Aacu26 Aacu26 Aacu10 Aacu10 Aacu07 Aacu07 Aacu12 Aacu12 Aacu30 Aacu30 Aac09 Aac09 

Abangares 199 199 132 132 347 347 268 268 159 159 134 134 170 170 249 249 329 333 

Abangares 199 199 132 134 347 347 266 266 159 159 134 138 170 172 249 249 333 333 

Abangares 199 199 132 134 347 347 268 268 159 159 134 134 170 170 249 249 329 333 

Abangares 199 206 132 134 347 347 266 268 159 159 134 134 170 170 249 249 333 333 

Abangares 199 206 132 134 347 347 268 268 157 159 134 134 170 170 249 249 333 333 

Abangares 199 206 132 132 347 347 266 268 159 159 134 134 170 170 249 249 333 333 

Abangares 206 206 132 134 347 347 266 266 159 159 134 134 170 170 249 249 333 333 

Abangares 206 206 132 132 347 347 266 266 159 159 134 134 170 170 249 249 333 333 

Abangares 199 206 132 132 347 347 266 266 159 159 134 134 170 170 249 249 333 333 

Abangares 199 206 132 132 347 347 266 266 159 159 134 134 170 170 249 249 333 333 

Abangares 199 206 132 134 347 347 266 268 159 159 134 134 170 170 249 249 329 333 

Abangares 199 199 132 132 347 347 266 266 159 159 134 134 170 170 249 249 333 333 

Abangares 199 206 132 132 347 347 266 266 159 159 134 134 170 170 249 249 333 333 

Abangares 199 199 132 132 347 347 266 268 159 159 134 134 170 170 249 249 329 333 

Abangares 206 206 132 134 347 347 266 268 159 159 134 134 170 170 249 249 329 333 

Abangares 199 206 132 132 347 347 266 266 159 159 134 134 170 170 249 249 333 333 

Atenas 199 199 132 132 347 347 268 268 157 159 134 134 170 170 249 249 329 333 

Atenas 199 199 132 132 347 347 266 266 157 159 134 134 170 170 249 249 329 329 

Atenas 199 199 132 132 347 347 266 266 159 159 134 134 170 170 249 249 329 329 

Atenas 199 201 132 132 347 347 268 268 159 159 134 134 170 170 249 249 329 329 

Atenas 199 199 132 132 347 353 266 268 159 159 134 134 170 170 249 249 329 329 

Atenas 199 206 132 132 347 347 268 268 159 162 134 138 170 170 249 249 329 329 

Atenas 199 199 130 130 347 347 268 268 159 159 132 134 170 170 249 249 329 329 

Atenas 199 201 132 132 347 347 268 268 159 159 132 134 170 170 249 249 329 329 
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Atenas 199 199 132 132 347 347 266 268 159 159 132 134 170 170 249 249 329 329 

Atenas 199 199 130 132 347 353 268 268 159 162 132 134 170 170 249 249 329 329 

Atenas 199 199 132 134 347 347 268 268 159 162 132 134 170 170 249 249 329 333 

Barra Honda 199 216 132 134 347 353 266 268 159 159 134 134 170 170 249 249 333 333 

Barra Honda 216 216 134 134 347 353 268 268 159 159 134 134 170 170 249 249 329 329 

Barra Honda 216 216 134 134 347 347 268 268 159 159 134 134 170 170 249 249 329 333 

Barra Honda 201 216 130 134 347 347 268 268 157 159 134 138 170 170 249 249 329 333 

Barra Honda 199 216 132 134 347 347 266 268 157 159 134 134 170 170 249 249 329 333 

Barra Honda 216 216 134 134 347 347 266 268 157 159 134 134 170 170 249 249 329 333 

Barra Honda 216 216 134 134 347 353 268 268 159 159 134 134 170 170 249 249 329 333 

Barra Honda 216 216 132 134 347 347 266 268 159 159 134 134 170 170 249 249 329 333 

Barra Honda 216 216 130 132 347 347 266 268 159 159 134 134 170 170 249 249 333 333 

Barra Honda 216 216 130 134 347 347 268 268 159 159 134 134 170 170 249 249 333 333 

Caño Negro  199 214 130 132 353 353 266 266 147 159 134 134 168 170 249 249 329 333 

Caño Negro  199 199 130 130 349 349 266 266 159 160 134 134 168 170 249 249 329 329 

Caño Negro  199 199 130 132 349 353 266 266 159 159 134 134 168 170 249 249 329 333 

Caño Negro  199 199 132 132 349 349 266 266 147 159 134 134 170 170 249 249 333 333 

Caño Negro  199 199 130 132 349 353 266 266 147 159 134 134 168 170 249 249 329 333 

Caño Negro  199 199 132 132 353 353 266 266 147 147 134 134 168 170 249 249 329 333 

Caño Negro  199 214 130 132 349 353 266 268 147 159 134 134 168 170 249 249 329 329 

Caño Negro  199 199 130 132 353 353 266 266 147 159 134 134 168 170 249 249 333 333 

Caño Negro  199 199 132 132 349 353 266 266 147 159 134 134 168 170 249 249 329 333 

Caño Negro  214 214 132 132 349 353 266 266 159 159 134 134 170 170 249 249 333 333 

Caño Negro  199 199 132 132 349 353 266 266 147 159 134 134 168 170 249 249 329 329 

Cañas 206 214 132 132 347 347 266 266 159 159 134 134 168 170 249 249 329 333 

Cañas 214 214 132 134 347 347 266 268 159 160 134 134 170 170 249 249 329 333 

Cañas 199 199 132 132 347 347 266 266 159 162 134 134 170 170 249 249 329 329 

Cañas 199 199 132 132 347 353 268 268 159 162 134 134 170 170 249 249 329 329 

Cañas 199 206 132 132 347 353 266 268 159 162 134 138 170 170 249 249 333 333 

Cañas 199 199 132 132 347 347 268 268 159 160 134 134 170 170 249 249 333 333 

Cañas 199 199 132 132 347 347 266 268 159 159 134 134 170 170 249 249 329 329 

Chomes 199 206 132 132 347 347 266 266 159 159 134 134 170 170 249 249 329 329 

Chomes 199 199 136 134 347 347 266 266 159 162 134 134 170 170 249 249 329 329 
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Chomes 199 199 132 132 347 347 266 268 157 159 134 134 170 170 249 249 329 333 

Chomes 199 199 132 132 347 347 266 266 159 159 134 138 170 170 249 249 333 333 

Chomes 199 206 132 132 347 347 266 266 157 159 134 134 170 170 249 249 329 329 

Chomes 199 199 132 132 347 347 266 268 157 159 134 134 170 170 249 249 333 333 

Chomes 199 199 132 132 336 347 266 266 157 159 134 134 170 170 249 249 333 333 

Chomes 199 199 132 132 336 347 266 268 157 159 134 134 170 170 249 249 333 333 

Chomes 199 216 132 132 347 347 268 268 157 159 134 134 170 170 249 249 329 329 

La Cruz 214 214 130 132 347 349 266 266 157 159 134 138 168 170 249 249 333 333 

La Cruz 214 214 130 132 347 347 266 266 159 159 134 134 168 170 249 249 329 333 

La Cruz 214 214 130 132 347 347 266 266 159 159 134 138 168 168 249 249 333 333 

La Cruz 214 214 130 132 347 347 266 266 159 159 134 134 168 168 249 249 333 333 

Liberia 214 214 132 132 353 353 266 266 159 159 134 138 168 170 249 249 329 329 

Liberia 199 214 132 132 353 353 266 266 157 159 134 134 168 170 249 249 329 329 

Liberia 199 199 132 132 353 353 266 266 159 159 134 134 168 170 249 249 329 329 

Liberia 199 199 132 132 353 353 266 266 159 159 134 134 168 170 249 250 329 329 

Liberia 199 216 132 132 349 353 266 266 159 159 134 134 168 170 249 249 329 329 

Liberia 214 214 132 132 349 349 266 266 159 159 134 134 170 170 249 249 329 329 

Liberia 199 214 132 132 353 353 266 266 159 160 134 134 168 170 249 249 329 329 

Liberia 199 214 132 132 353 353 266 266 159 160 134 134 168 170 249 249 329 329 

Liberia 199 214 132 132 347 349 266 266 159 160 134 134 170 170 249 249 329 333 

Liberia 199 199 132 132 347 347 266 266 159 160 134 134 170 170 249 249 329 329 

Liberia 214 214 132 134 347 349 266 266 160 160 134 134 168 170 249 249 329 333 

Liberia 199 214 132 132 347 347 266 268 159 160 134 134 168 170 250 250 329 333 

Liberia 199 214 132 132 347 347 266 266 159 159 134 134 170 170 249 249 329 329 

Liberia 214 214 132 132 347 347 266 266 159 159 134 134 170 170 249 249 329 333 

Liberia 201 214 132 132 347 349 266 266 159 159 134 134 170 170 249 250 333 333 

Liberia 199 214 132 132 347 353 266 266 159 159 134 134 170 170 249 249 329 329 

Liberia 199 199 132 132 336 353 266 266 159 159 134 134 168 170 249 249 329 329 

Liberia 199 214 132 132 336 353 266 266 159 159 134 134 168 170 249 249 329 333 

Liberia 214 214 130 132 353 353 266 266 159 159 134 134 170 170 249 249 333 333 

Liberia 199 199 132 132 347 349 266 266 159 160 132 134 168 170 249 250 329 333 

Nicoya 216 216 132 134 347 347 268 268 159 159 134 134 170 170 249 249 333 333 
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Nicoya 199 199 134 134 347 347 268 268 159 159 134 134 170 170 249 249 333 333 

Nicoya 199 206 132 132 336 347 266 266 159 159 134 138 170 170 249 249 333 333 

Nicoya 214 216 132 134 347 347 266 268 157 159 134 134 170 170 249 249 333 333 

Nicoya 216 216 132 134 347 353 268 268 159 159 134 134 170 170 249 249 333 333 

Nicoya 214 216 134 134 347 347 268 268 157 159 134 134 170 170 249 249 333 333 

Nicoya 201 217 134 134 347 347 266 268 159 162 134 134 170 170 249 249 333 333 

Nicoya 217 217 134 134 347 347 266 268 159 159 134 134 170 170 249 249 333 333 

Nicoya 217 217 134 134 347 347 268 268 159 159 134 134 170 172 249 249 333 333 

Nicoya 217 217 132 134 347 353 266 268 159 159 134 134 170 170 249 249 333 333 

Nicoya 199 217 134 134 347 353 268 268 159 159 134 134 170 170 249 249 333 333 

Nicoya 217 217 132 132 347 353 266 268 159 159 134 134 170 170 249 249 329 333 

Nicoya 199 217 134 134 347 353 268 268 159 159 134 134 170 170 249 249 333 333 

Nicoya 217 217 132 134 347 347 268 268 159 162 134 134 168 170 249 249 329 333 

Nicoya 199 217 134 134 347 347 266 268 159 159 134 134 170 170 249 249 333 333 

Nicoya 217 217 132 132 347 347 266 268 159 159 134 134 170 170 249 249 329 333 

Orotina 206 206 132 132 347 353 268 268 159 159 134 134 170 170 249 249 329 333 

Orotina 199 206 132 132 347 347 268 268 157 159 134 134 170 170 249 249 329 333 

Orotina 206 206 132 132 347 353 268 268 159 159 134 134 170 170 249 249 329 329 

Orotina 206 206 132 132 347 347 268 268 159 159 134 134 170 170 249 249 329 333 

Orotina 199 206 132 132 347 353 268 268 159 159 134 138 170 170 249 249 333 333 

Santa Rosa  199 214 132 132 349 349 266 266 159 159 134 138 168 170 249 252 333 333 

Santa Rosa  199 199 132 132 347 347 266 266 159 159 134 138 170 170 249 249 329 333 

Santa Rosa  205 217 130 132 347 347 266 266 159 159 134 138 168 170 249 252 329 333 

Santa Rosa  199 217 132 132 347 353 266 266 159 159 134 138 170 170 252 252 329 333 

Santa Rosa  199 214 132 132 347 349 266 266 160 160 134 134 168 170 252 252 333 333 

Santa Rosa  217 217 132 132 347 353 266 266 159 159 134 138 170 170 249 252 329 329 

Santa Rosa  214 217 132 132 347 353 266 266 159 159 134 138 168 170 249 252 329 333 

Santa Rosa  199 214 132 132 347 347 266 266 159 160 134 138 170 170 249 249 329 329 

Guanacaste  214 214 132 132 347 353 266 266 159 159 134 138 168 170 249 252 329 333 

Guanacaste  199 199 132 132 347 349 266 266 159 159 134 138 170 170 249 249 329 333 

Guanacaste  199 214 132 132 347 353 266 266 159 159 134 138 170 170 249 249 329 329 

Guanacaste  214 214 132 132 347 353 266 266 159 159 134 138 168 170 249 249 329 333 
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Guanacaste  199 205 132 132 347 347 266 266 159 159 134 138 168 170 249 249 333 333 

Guanacaste  199 217 132 132 347 347 266 266 159 159 134 138 168 170 249 252 329 333 

Guanacaste  199 199 132 132 347 347 266 266 159 159 134 138 168 170 249 249 329 333 

Guanacaste  199 217 132 132 347 347 266 266 159 159 134 138 168 170 249 249 333 333 

Guanacaste  199 199 132 132 347 353 266 266 159 159 134 138 168 170 249 249 333 333 

Rincón de la 

Vieja  214 214 132 132 347 347 266 266 159 159 134 138 168 170 249 249 329 329 

Rincón de la 
Vieja  199 214 130 132 347 347 266 268 159 160 134 134 168 170 249 249 329 333 

Rincón de la 
Vieja  199 214 130 134 345 349 266 268 157 160 134 138 168 170 252 252 329 333 

Rincón de la 
Vieja  199 214 132 132 347 349 266 266 159 160 134 138 168 170 249 252 329 335 

Rincón de la 

Vieja  199 199 130 132 347 349 266 266 159 159 134 138 168 170 252 252 329 329 

Rincón de la 

Vieja  217 217 132 132 347 349 266 266 159 159 134 138 170 170 249 252 329 333 

Rincón de la 

Vieja  214 217 130 130 347 349 266 266 159 159 134 138 170 170 249 249 333 333 

Rincón de la 
Vieja  205 214 132 132 349 349 266 266 159 160 134 138 170 170 252 252 329 329 

Rincón de la 
Vieja  199 214 130 130 347 347 266 266 159 159 134 138 168 170 249 249 329 329 

Rincón de la 
Vieja  214 214 130 132 347 347 266 266 160 160 134 138 168 170 249 249 329 329 

Paso Real 199 199 130 132 345 353 266 266 159 159 134 138 170 170 247 249 333 333 

Paso Real 199 199 130 130 336 347 266 266 166 166 134 134 170 170 247 249 333 333 

Paso Real 199 199 130 132 345 353 266 266 157 159 134 138 170 170 247 249 333 333 
Península de 

Osa 199 199 130 130 353 353 266 266 159 159 134 134 170 170 247 247 333 333 

Península de 
Osa 199 199 130 130 353 353 266 266 159 159 134 138 170 170 247 247 333 333 

Península de 

Osa 199 199 130 130 336 353 266 266 159 159 134 134 170 170 247 247 333 333 
Península de 

Osa 199 199 130 130 353 353 266 266 157 159 134 134 170 170 247 247 333 333 

Península de 
Osa 199 199 130 130 353 353 266 266 159 159 134 134 170 170 247 247 333 333 

Península de 

Osa 199 199 130 130 353 353 266 268 157 159 134 134 170 170 247 247 335 335 
Península de 

Osa 199 199 130 130 353 353 266 266 159 166 134 134 170 170 247 247 335 335 
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Península de 
Osa 199 199 130 130 353 353 266 266 159 166 134 138 170 170 247 247 335 335 

Península de 

Osa 199 199 130 130 353 353 266 266 159 159 134 134 170 170 247 247 335 335 
Península de 

Osa 199 199 130 130 353 353 266 266 166 166 134 134 170 170 247 247 335 335 

Península de 
Osa 199 199 130 130 353 353 266 268 159 159 134 134 170 170 247 247 335 335 

Península de 

Osa 199 199 130 130 353 353 266 266 157 159 134 134 170 170 247 249 335 335 
Península de 

Osa 199 199 130 130 353 353 266 266 159 159 134 134 170 170 247 249 335 335 

Península de 
Osa 199 199 130 130 353 353 266 268 159 159 134 134 170 170 247 247 335 335 

Península de 

Osa 199 199 130 130 353 353 266 266 159 159 134 138 170 170 247 247 335 335 
Península de 

Osa 199 217 130 132 347 353 266 268 159 159 134 134 170 170 247 249 333 333 

Península de 
Osa 199 199 130 130 353 353 266 266 159 159 134 134 170 170 249 249 335 335 

Península de 

Osa 199 199 130 130 353 353 266 266 159 159 134 134 170 170 249 249 335 335 
Península de 

Osa 199 199 130 130 353 353 266 266 159 159 134 134 170 170 249 249 335 335 

Santa Cruz 199 216 132 132 347 347 268 268 159 159 132 134 170 170 249 249 331 331 

Santa Cruz 216 216 134 134 347 347 268 268 159 159 134 138 170 170 249 249 333 333 

Santa Cruz 206 216 132 134 347 347 266 268 159 162 134 138 170 170 249 249 333 333 

Santa Cruz 199 217 132 132 347 347 266 268 159 159 134 134 170 170 249 252 333 333 

Santa Cruz 199 217 132 134 347 349 268 268 159 159 134 134 170 170 249 252 333 333 

Santa Cruz 199 199 132 132 347 349 266 268 159 159 134 134 170 170 249 249 333 333 

Santa Cruz 199 217 132 132 347 347 268 268 159 159 134 134 170 170 249 252 333 333 

Santa Cruz 217 217 132 132 347 347 268 268 159 159 134 134 170 170 249 252 333 333 

Santa Cruz 217 217 132 134 347 347 268 268 159 159 134 134 170 170 249 252 333 333 

Santa Cruz 217 217 132 132 347 347 266 268 159 159 134 134 170 170 249 249 333 333 

Santa Cruz 217 217 132 132 347 347 266 266 159 159 134 134 170 170 249 252 333 333 

Santa Cruz 199 199 132 134 347 347 266 268 159 159 134 134 170 170 249 249 333 333 

Santa Cruz 199 199 132 132 347 347 266 268 159 159 134 134 170 170 249 249 333 333 

Tilarán 199 214 132 132 347 347 268 268 159 159 134 134 168 170 249 249 333 333 

Tilarán 199 214 132 132 347 347 264 266 159 159 134 134 170 170 249 249 333 333 

Tilarán 199 206 132 132 347 347 266 266 157 159 134 134 170 170 249 249 333 333 

Tilarán 206 214 132 132 347 347 266 268 159 159 134 138 168 170 249 249 333 333 
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Turrubares 199 206 132 132 347 347 266 268 157 159 134 134 170 170 249 249 329 333 

Turrubares 201 214 134 134 347 347 268 268 157 159 134 134 170 170 249 249 329 329 

Turrubares 201 206 132 132 347 347 266 266 159 159 134 134 170 170 249 249 333 333 

Turrubares 214 214 132 132 347 353 268 268 159 162 134 134 170 170 249 249 329 333 

Turrubares 206 206 132 134 347 347 268 268 159 159 134 134 170 170 249 249 329 329 

Turrubares 206 206 132 132 347 347 266 268 159 159 134 138 170 170 249 249 329 333 

Turrubares 201 201 132 132 347 347 266 266 159 159 134 138 170 170 249 249 329 333 

Turrubares 199 201 132 132 347 347 266 268 159 162 134 134 170 170 249 249 333 333 

Turrubares 201 201 132 134 347 353 266 268 159 159 134 138 170 170 249 249 333 333 

Turrubares 201 206 132 132 347 347 266 268 159 159 134 138 170 170 249 249 329 333 
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Supplementary figure 1. Population structure of 185 accessions of Acrocomia aculeata. 

Mean posterior probability values LnP (D) and estimated values of Δk across 8 repetitions 

by Bayesian analysis on Structure Software. 

Figura complementaria 1. Estructura de la población de 185 accesiones de Acrocomia 

aculeata. Valores medios de probabilidad posterior LnP (D) y valores estimados de Δk en 

8 repeticiones mediante análisis bayesiano en el software de estructura. 
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Supplementary figure 2. Dispersion graph of germplasm of A. aculeata using DPCA (Discriminant Principal 

Component Analysis). A: DPCA with all 185 samples which displays a clear separation of samples from Península 

de Osa and Paso Real (PopA) from other sampling sites of the study B: DPCA showing a clearer separation of PopB 

and PopC, without samples from Península de Osa and Paso Real. Eigenvalues represent the ratio of the variance 

between groups over the variance within groups for each discriminant function. 

Figura complementaria 2. Gráfico de dispersión de germoplasma de A. aculeata utilizando DPCA (Análisis 

Discriminante de Componentes Principales). A: DPCA con las 185 muestras que muestra una clara separación de las 

muestras de Península de Osa y Paso Real (PopA) de otros sitios de muestreo del estudio. B: DPCA que muestra una 

separación más clara de PopB y PopC, excluyendo las muestras de Península de Osa y Paso Real. Los valores 

propios representan la relación de la varianza entre grupos sobre la varianza dentro de los grupos para cada función 

discriminante. 
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Supplementary figure 3: Isolation by distance (IBD) plot based on Nei's genetic distance matrix and geographical 

coordinates of sampling sites of Acrocomia aculeata for this study. A: IBD plot with all 185 samples of this study. 

B: IBD plot without samples from Brunca region (Península de Osa and Paso Real).  The intensity of colors 

represent the density of distribution of the samples according to genetic and geographic correlation. 

Figura complementaria 3: Gráfico de aislamiento por distancia (IBD) basado en la matriz de distancia genética de 

Nei y las coordenadas geográficas de los sitios de muestreo de Acrocomia aculeata para este estudio. A: gráfico de 

IBD con las 185 muestras de este estudio. B: Parcela IBD excluyendo las muestras de la región Brunca (Península 

de Osa y Paso Real). La intensidad de los colores representa la densidad de distribución de las muestras según 

correlación genética y geográfica. 

A                                                                                       B 


