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RESUMEN  
 

La conservación de la diversidad genética de las poblaciones es esencial para mantener 

el potencial evolutivo de las especies y por asegurar su persistencia en el largo plazo. Dos de 

los principales temas en biología de la conservación es el estudio de los factores que determinan 

y afectan la diversidad y estructura genética de las poblaciones. Los árboles dioicos son un 

grupo bien representado en ecosistemas tropicales, en los que el entrecruzamiento es obligado 

y dependen generalmente de insectos y vertebrados para el movimiento de polen y semillas 

respectivamente. En esta tesis evaluamos a) los factores que determinan la diversidad y 

estructura genética, el flujo génico y el fitness bajo condiciones naturales; b) las consecuencias 

reproductivas y genéticas de la fragmentación del hábitat y c) la diversidad y estructura genética 

y el patrón de apareamiento de poblaciones silvestres y cultivadas del árbol dioico S. purpurea. 

Los sitios de estudio incluyen la Reserva de la Biosfera Chamela-Cuixmala en México y el 

Área de Conservación Guanacaste en Costa Rica. Desarrollamos y caracterizamos marcadores 

moleculares tipo microsatélite para esta especie. Nuestros resultados demuestran que bajo 

condiciones naturales los procesos dependientes de la densidad y la distancia determinan la 

diversidad genética, limitan la estructuración genética a escala fina y tienen un fuerte efecto 

sobre el fitness masculino y femenino de la población. En ambientes fragmentados la alteración 

de la interacción-planta polinizador tiene consecuencias negativas sobre el fitness masculino y 

femenino (tasa de fructificación, los niveles de flujo génico, el número de donadores de polen) 

y los niveles de diversidad genética. Nuestros resultados demuestran que la diversidad y 

estructura genética entre poblaciones silvestres y cultivadas es similar y la producción de frutos 

es en gran medida mantenida por vía sexual a través del flujo de polen proveniente de árboles 

masculinos silvestres y por via asexual mediante la formación de semillas por apomixis.  Los 

resultados de esta tesis indican que las interacciones bióticas que las plantas sostienen con 

polinizadores y dispersores de semillas, son responsables del mantenimiento de la diversidad 

genética de las poblaciones y en poblaciones cultivadas del aseguramiento de la producción de 

frutos.  Sin embargo, alteraciones en las interacciones bióticas resultado de la pérdida de hábitat 

tienen consecuencias negativas sobre el fitness y la diversidad genética, lo cual puede 

comprometer la persistencia de las poblaciones en el largo plazo.  
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ABSTRACT 
 

Conservation of genetic diversity is essential to maintain the evolutionary potential of 

populations and therefore ensure species long-term persistence. Two principal concerns in 

conservation biology are the study of the factors that determine population genetic diversity 

and the reproductive and genetic consequences of anthropogenic activities such as habitat 

fragmentation and plant cultivation. Dioecious trees are obligate outcrossing plants, well 

represented in tropical ecosystems, that depend on insects and vertebrates for pollen and seed 

movement respectively. In this thesis we evaluated a) the influence of density and distance 

dependent factors on genetic diversity and fine scale genetic structure, gene flow and fitness; 

b) the reproductive and genetic consequences of habitat fragmentation and c) the genetic 

diversity and structure and mating patterns of wild and cultivated populations of the dioecious 

tree S. purpurea. Study sites include the Chamela-Cuixmala Biosphere Reserve in Mexico and 

the Guanacaste Conservation Area in Costa Rica. We developed and characterized 

microsatellite molecular markers for S. purpurea. Our results show that density and distance 

dependent processes have a strong effect on genetic diversity, fine scale genetic structure and 

male and female fitness. However, habitat fragmentation alters pollinator-plant interaction 

resulting in negative consequences on male and female fitness (lower fruit set, lower gene flow 

distances and lower number of pollen donors) and lower genetic diversity. Our results show 

that genetic diversity and structure is similar between wild and cultivated populations. Fruit 

production in cultivated stands is maintained both sexual via through gene flow between female 

cultivated trees and male wild relatives flow and asexual via through mechanism as apomictic 

seed formation. Our results indicate that biotic interactions that plants maintain with pollinators 

and seed dispersers, are key elements determining genetic diversity, gene flow levels, fine scale 

genetic structure and plant fitness. However, gene flow and pollination success will be 

negatively affected by fragmentation, reducing male and female fitness and the genetic 

diversity of future generations. Thus, in the long term, population viability in small fragmented 

habitats will decline due to limited recruitment and evolutionary potential.  
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INTRODUCCIÓN GENERAL    
 

Uno de los temas centrales en Biología de la Conservación es el estudio de los factores 

que determinan la diversidad y estructura genética de las poblaciones. En las plantas, rasgos 

como el sistema reproductivo y de apareamiento, así como los vectores de dispersión de polen 

y semillas son los principales factores responsables de la diversidad y estructuración genética 

de las poblaciones (Hamrick et al. 1992; Hamrick 2002; Vekemans y Hardy 2004). Los árboles 

dioicos, en los que el entrecruzamiento es obligado, son un grupo bien representado en los 

ecosistemas tropicales (~27 % de las especies de árboles) (Bawa et al. 1975; Bawa et al. 1985; 

Ibarra-Manríquez y Oyama 1992). Estos árboles comparten características de historia de vida 

como son la producción de flores pequeñas y frutos carnosos, la polinización por insectos 

pequeños y la dispersión de sus semillas por vertebrados (Ibarra-Manríquez y Oyama 1992; 

Renner y Rickfles 1995). Debido a estas características, se espera que los árboles dioicos 

presenten altos niveles de diversidad genética y bajos niveles de estructuración genética.  

Bajo condiciones naturales, procesos dependientes de la densidad y la distancia han 

sido reconocidos como factores clave para explicar la alta diversidad de especies de plantas en 

los ambientes tropicales (Janzen 1970; Connell 1971; Comita et al. 2014). De acuerdo con la 

hipótesis planteada por Janzen-Conell (1971), la probabilidad de depredación por herbívoros y 

patógenos hospedero-específicos, es alta en la cercanía a árboles maternos donde la densidad 

de conespecíficos generalmente es mayor. De esta forma, los árboles tropicales tendrían una 

distancia óptima de dispersión con relación al árbol materno, conocida como “curva de 

reclutamiento poblacional”, la cual cambiaría entre especies en función del modo de dispersión 

de las semillas (Janzen 1970). Los efectos de estos mecanismos sobre el reclutamiento y la 

abundancia poblacional han sido bien estudiados (Comita et al. 2014). Sin embargo, su papel 

sobre los patrones de flujo génico y la estructuración genética a escala fina de las poblaciones 

ha sido poco explorado. Pocos son los trabajos que hayan evaluado estructura genética a escala 

fina en árboles tropicales dioicos. La evidencia sugiere que en árboles tropicales dioicos 

dispersados por vertebrados la estructura genética espacial es ligera en comparación con otros 

sistemas reproductivos (Hardesty et al. 2005; Hardy et al. 2006; Riba-Hernández et al. 2014).  

En la actualidad los bosques tropicales se encuentran entre los ecosistemas más 

amenazados por las actividades humanas. Datos para México indican que entre 2001 y 2018 la 

tasa de deforestación anual en estos ecosistemas fue de 5.7 % (FAO 2019).  Esta conversión 

de áreas boscosas a zonas de cultivo y pastoreo fragmenta el hábitat original, provocando que 

grandes extensiones de bosque continuo sean transformadas a pequeños fragmentos de bosque 
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aislados entre sí (Fahrig 2003; Fischer y Lindenmayer 2007).  En sitios de bosque fragmentado 

se espera que el tamaño poblacional se reduzca en función del tamaño del parche de bosque y 

que el aislamiento entre estos parches afecte la interacción con polinizadores, reflejándose en 

una baja producción de frutos y semillas (Aguilar et al. 2006). Los estudios de los efectos de 

la fragmentación de hábitat sobre el éxito reproductivo se han enfocado en la función femenina, 

como producción de flores, frutos y tasas de fructificación (Aguilar et al. 2006). Sin embargo, 

los efectos sobre la función masculina, como producción, desempeño y distancias de flujo de 

polen han sido muy poco analizadas. Las plantas dioicas representan un buen modelo para 

entender estos efectos debido a que las funciones masculina y femenina se encuentran en 

individuos separados.  

En hábitats fragmentados la reducción en el tamaño efectivo poblacional incrementa la 

probabilidad de apareamiento entre individuos relacionados y la ocurrencia de eventos 

estocásticos como la deriva génica, lo cual resulta en la pérdida de la diversidad genética de las 

poblaciones (Ouborg et al. 2006; Aguilar et al. 2019). Además, en estos ambientes el flujo 

génico puede reducirse debido a i) incrementos en la distancia entre conespecíficos, ii) cambios 

en el comportamiento de polinizadores y dispersores de semillas y iii) limitado movimiento de 

los polinizadores y dispersores de semillas entre parches de bosque (Sih & Baltus 1987; 

Quesada et al. 2003, 2004; Breed et al. 2015). El flujo génico entre individuos espacialmente 

cercanos incrementa la estructura genética espacial, resultando en vecindarios de individuos 

genéticamente relacionados, lo cual a su vez puede aumentar la tasa de endogamia y reducir la 

diversidad genética y la viabilidad de las poblaciones en el largo plazo (Sork y Smouse 2006; 

Aguilar et al. 2008, 2019).  

La domesticación de plantas es un proceso de selección artificial, por medio del cual 

los humanos han seleccionado y fijado características fenotípicas para satisfacer necesidades 

particulares (Aguirre-Dugua y González-Rodríguez 2016; Casas et al. 2019). Alrededor del 

mundo existen varios centros de domesticación, donde actualmente algunas especies cultivadas 

coexisten con sus parientes silvestres (Balvino-Olvera et al. 2017). Entre las plantas 

domesticadas un grupo importante son las plantas perennes, generalmente cultivadas por sus 

frutos comestibles (Van Tassel et al. 2010; Miller y Gross 2011). Estas plantas se caracterizan 

por presentar largos periodos en estado juvenil por lo cual son propagadas vegetativamente 

(Miller y Gross, 2011). Además, una alta proporción de especies presentan sistemas 

reproductivos y de apareamiento con entrecruzamiento obligado (i.e. especies dioicas o auto 

incompatibles), altas tasas de flujo génico y la capacidad para producir frutos tanto por vía 

sexual como asexual (Zohary y Spiegel-Roy 1975; Zohary 2004; Miller y Gross 2011). En 



 5 

especies dioicas, en las que los frutos son producidos exclusivamente por los individuos 

femeninos, la propagación vegetativa de clones implica algunas limitaciones para la 

producción de frutos. Por lo cual, bajo condiciones de cultivo, la producción de frutos en 

plantas dioicas puede ser asegurada por a) vía sexual si individuos masculinos son plantados 

dentro de los cultivares o poblaciones silvestres coexisten con las cultivadas (Barghchi y 

Alderson 1989; Moore 2014), o por b) vía asexual si existe un reemplazo de la polinización 

por partenocarpia (Zohary 2004; Kislev et al. 2006). En zonas donde las especies domesticadas 

coexisten con sus parientes silvestres, la diversidad genética depende en gran medida de la 

diversidad clonal propagada en cada cultivar y del flujo génico entre individuos silvestres y 

cultivados (Ellstrand et al. 1999; O’Connor et al. 2015). El estudio de esta diversidad es de 

particular interés en términos de la conservación de recursos genéticos de especies de interés 

agronómico, sin embargo esta información es escasa para árboles frutales tropicales.  

El análisis de los procesos que determinan la diversidad genética de las poblaciones de 

árboles en condiciones naturales, así como el entendimiento de las consecuencias reproductivas 

y genéticas de las actividades humanas, son indispensables para la conservación de los recursos 

genéticos y la preservación del potencial evolutivo de las especies. Spondias purpurea es un 

árbol tropical dioico, que se distribuye de manera natural en los bosques tropicales secos de 

Mesoamérica (Miller y Schaal 2005; Miller y Knouft 2006). Las flores de esta especie son 

rojas, pequeñas, y son polinizadas por insectos principalmente abejas sin aguijón (Bullock 

1992; Mitchell y Daly 2015). Los frutos son rojos y carnosos, los cuales representan un 

importante recurso para los vertebrados que los consumen, particularmente en la época seca 

del año donde el agua es un factor limitante en el bosque (Mandujano et al. 1994).   Spondias 

purpurea ha sido domesticada para el consumo de sus frutos (Miller y Schaal 2005). En 

condiciones de cultivo, los individuos femeninos son propagados vegetativamente en cultivos 

de traspatio, huertos pequeños o cercas vivas (Miller y Schaal 2005). A lo largo de su 

distribución estos cultivos coexisten con individuos silvestres que habitan en remanentes de 

bosque original.  

En la presente tesis se presentan cuatro capítulos. El primer capítulo es un artículo 

publicado (Cristóbal-Pérez et al., 2020), donde se analiza el efecto de procesos dependientes 

de la distancia y la densidad sobre la diversidad genética, la estructura genética a escala fina y 

los patrones de flujo efectivo y realizado de polen y semillas. El segundo capítulo es un artículo 

publicado (Cristóbal-Pérez et al. 2021) donde se analiza el efecto de la fragmentación del 

hábitat sobre el fitness masculino y femenino, la diversidad genética, el flujo génico y los 

patrones de apareamiento.  En el tercer capítulo se compara la diversidad y estructura genética 
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de poblaciones silvestres y cultivadas y se analiza el flujo génico entre poblaciones cultivadas 

y sus parientes silvestres. El cuarto capítulo es un artículo publicado (Cristóbal-Pérez et al. 

2019) en el que se presentan los resultados del desarrollo y caracterización de los marcadores 

tipo microsatélite, utilizados para los análisis genéticos llevados a cabo en esta tesis. 
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CAPÍTULO II. Habitat fragmentation negatively affects genetic diversity, gene flow and 

male and female fitness in the dioecious tree, Spondias purpurea (Anacardiaceae). 
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SUPPLEMENTAL MATERIAL 

Appendix A. Number of males, females and sex ratio for each locality of Spondias purpurea 

in two habitat conditions in Chamela, Jalisco Mexico. NS: Nonsignificant deviations from 1:1 

sex ratio (p>0.05) 

Habitat type  Population Males Females Sex ratio 

Continuous 

habitat 

Chamela 103 107 0.47 NS 

Careyes 47 51 0.49 NS 

Fragmented 

habitat  

Ranchitos 20 31 0.39 NS 

Mesa 31 30 0.50 NS 

Nacastillo 28 34 0.45 NS 

Grand Total  229 253 0.47 NS 
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Appendix B. Genetic diversity estimates for each habitat condition and developmental stage 

of Spondias purpurea in two habitat conditions in Chamela, Jalisco Mexico. N: Number of 

individuals; Na: mean allele number per locus (± SD); HO: observed heterozygosity (± SD); 

He: expected heterozygosity (± SD); F: fixation index (± SD). 

Habitat type  Population and  

developmental stage 

N Na Ne Ho He F 

Continuous 

habitat 

Chamela - Adults 210 7.111 

(1.16) 

2.439 

(0.38) 

0.436 

(0.07) 

0.501 

(0.07) 

0.083 

(0.115) 

Chamela - Juveniles 144 6.33 

(1.09) 

2.435 

(0.38) 

0.418 

(0.07) 

0.498 

(0.07) 

0.113 

(0.11) 

Chamela - Seeds 127 4.667 

(1.01) 

2.014 

(0.34) 

0.347 

(0.09) 

0.376 

(0.09) 

0.059 

(0.08) 

Careyes - Adults 98     5.444 

(0.85) 

2.868 

(0.49) 

0.433 

(0.06) 

0.571 

(0.06) 

0.194 

(0.102) 

Careyes - Juveniles 28 4.889 

(0.71) 

2.567 

(0.4) 

0.512 

(0.08) 

0.533 

(0.06) 

0.007 

(0.124) 

Careyes - Seeds  150 5 

(0.72) 

3.29 

(0.49) 

0.577 

(0.06) 

0.622 

(0.06) 

0.06 

(0.041) 

 Mean 757 5.574 

(0.95) 

2.603 

(0.43) 

0.454 

(0.07) 

0.517 

(0.08) 

0.086 

(0.06) 

Fragmented 

habitat  

 

Ranchitos - Adults 51 5.556 

(1.01) 

3.126 

(0.56) 

0.432 

(0.05) 

0.583 

(0.07) 

0.23 

(0.06) 

Ranchitos - 

Juveniles 

22 4.111 

(0.71) 

2.385 

(0.31) 

0.293 

(0.07) 

0.514 

(0.07) 

0.382 

(0.13) 

Ranchitos - Seeds  150 5.444 

(0.83) 

3.14 

(0.539) 

0.269 

(0.026) 

0.604 

(0.06) 

0.474 

(0.1) 

Nacastillo - Adults 62 5.778 

(1.03) 

2.45 

(0.39) 

0.371 

(0.06) 

0.503 

(0.07) 

0.251 

(0.08) 
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Nacastillo - 

Juveniles 

25 3.556 

(0.47) 

2.53 

(0.29) 

0.281 

(0.08) 

0.547 

(0.06) 

0.446 

(0.15) 

Nacastillo - Seeds 150 4.889 

(0.82) 

2.758 

(0.46) 

0.328 

(0.02) 

0.562 

(0.06) 

0.343 

(0.09) 

Mesa - Adults  61 5.111 

(0.8) 

2.867 

(0.4) 

0.315 

(0.04) 

0.579 

(0.06) 

0.446 

(0.05) 

Mesa - Juveniles 23 3.778 

(0.59) 

2.583 

(0.41) 

0.242 

(0.06) 

0.538 

(0.06) 

0.556 

(0.12) 

Mesa - Seeds 150 4.222 

(0.57) 

2.778 

(0.35) 

0.335 

(0.01) 

0.578 

(0.06) 

0.322 

(0.12) 

 Mean 694 4.716 

(0.82) 

2.736 

(0.27) 

0.318 

(0.05) 

0.556 

(0.03) 

0.338 

(0.1) 

Grand mean  1451 5.059 

(0.22) 

2.683 

(0.1) 

0.373 

(0.01) 

0.541 

(0.01) 

0.266 

(0.03) 
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CAPITULO III. Genetic diversity and structure in cultivated and wild populations of 
Mesoamerican tree Spondias purpurea (Anacardiaceae) 
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ABSTRACT  
 
Understanding the levels and distribution of genetic diversity within and among cultivated and 

wild relatives of a crop constitutes a key element in conservation of genetic resources. In order 

to characterize the genetic variation and mating patterns of cultivated and wild populations of 

Spondias purpurea, we analyzed the genetic diversity and structure, and correlated paternity of 

adult individuals and seeds respectively of three cultivated and wild stands in northwestern 

Costa Rica region. By using seven microsatellite polymorphic loci, we genotyped 201 adult 

and 648 seeds from cultivated and wild stands in three localities. Overall, we found an average 

of 3.85 alleles per locus and expected heterozygosity of 0.49. We found no differences in 

genetic diversity between cultivated and wild stands and genetic structure analysis revealed 

genetic admixture within and among localities. Clonal diversity was high and similar between 

cultivated and wild trees (D> 0.9). Evenness measures were also similar between cultivated 

and wild trees (E >0.62). Correlated paternity analysis revealed high paternity correlation (rp= 

0.9) as result of a low number of pollen donors by progeny array (Nep= 1.01). We found some 

progeny arrays with a multilocus genotype identical to the maternal tree indicative of asexual 

seed formation. Our results indicate that in dioecious clonally propagated crops high genetic 

diversity levels are maintained as a result of outcrossing and vegetative propagation of 

heterozygous genotypes. Gene flow by pollinators maintain genetic admixture between wild 

and cultivated stands. Fruit formation is ensured by sexual reproduction and reproductive 

assurance mechanisms as apomixis.  

 
Keywords: Dioecious crops, Anacardiaceae, tropical fruit tree, wild and cultivated species.  
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INTRODUCTION  
 

Plant domestication is a process of artificial selection by which humans have selected 

and fixed desired traits to satisfy their needs (food, utilitarian, and aesthetics) (Casas et al. 2007; 

Vaughan et al. 2007; Casas et al. 2019; Aguirre-Dugua and González-Rodríguez 2016). As a 

result of artificial selection processes, cultivated plants share suites of traits known as the 

‘domestication syndrome’, that distinguishes them phenotypically from wild relatives (Darwin, 

1868; Pickersgill, 2007; Meyer et al., 2012; Stetter et al., 2017). For example, plant cultivation 

often involves larger and more sugary fruits, larger seeds and inflorescences, reduction in seed 

dormancy and defenses against herbivory in the parts used by humans (Larson et al., 2014). In 

addition, domestication involves humans acting as dispersers and modifiers of crop's biotic and 

abiotic environment (Larson et al., 2014). 

Domesticated perennial plants are characterized by long juvenile phases, obligate 

outcrossing (regulated by self-incompatibility or dioecy), high rates of gene flow and capacity 

to produce fruits by sexual and asexual via (Zohary and Spiegel-Roy, 1975; Zohary, 2004; 

Miller and Gross, 2011).  

A high number of cultivated perennial plants were domesticated for their edible fruits 

and propagated vegetatively under cultivation (Van Tassel et al., 2010; Miller and Gross, 

2011). In dioecious species, where fruits are produced only by females, vegetative propagation 

of clones introduces some limitations on fruit production. Under cultivation fruit production in 

dioecious trees may be maintained by a) sexual reproduction if male or hermaphrodite 

individuals are added into a plantation to act as pollen donors of female clones (e.g. pistachio, 

papaya) (Barghchi and Alderson, 1989; Moore, 2014), b) genetic shift from dioecy to 

hermaphrodite condition (e.g. grapevine) (Picq et al., 2014) or c) replacement of pollination by 

parthenocarpy (e.g. figs) (Zohary, 2004; Kislev et al., 2006). 



 34 

In domestication centers where domesticated plants regularly coexist with their wild 

relatives, fruit production may occur by cross pollination between wild relatives and 

domesticated plants. The Mesoamerican region, which extends from central Mexico to 

northwestern Costa Rica (Purugganan and Fuller, 2009), is one of the most important 

domestication centers, where important perennial fruit trees as avocado (Persea americana), 

cacao (Theobroma cacao) and guava (Psidium guajava) (Miller and Gross, 2011) were 

domesticated. Currently, the Mesoamerican landscape consists of small remnants of original 

forest surrounded by an agricultural matrix (Jauker et al., 2009). Forest remnants can harbor a 

high species richness and thereby provide ecosystem services as pollination to agricultural 

landscapes (Kremen et al., 2004; Klein et al., 2007).  

In landscapes where domesticated species coexist with their wild relatives, analyses of 

crop to wild gene flow and consequent hybridization and introgression are of particular interest 

(Ellstrand et al., 1999; O’Connor et al., 2015). Low levels of genetic diversity are expected in 

crop cultivars due to domestication-enforced bottlenecks (Delplancke et al., 2012). Thus, gene 

flow both via pollen and seeds from crop cultivars to wild relatives may result in an influx of 

offspring with low levels of genetic diversity into wild populations (Ellstrand et al., 1999). The 

extent of crop to wild gene flow is expected to vary among species and will depend on 

pollinators mobility and landscape traits, for example distance between the crop and wild 

population (Arriola and Ellstrand, 1996; Ellstrand et al., 1999). Such information is not only 

critical to understand the genetic vulnerability of these species, but also could be used to 

implement management and conservation strategies, particularly in domestication centers 

where wild and cultivated populations coexist. 

Spondias purpurea is a dioecious fruit tree domesticated in Mesoamerican region 

(Miller and Schaal, 2005, 2006).  In Mesoamerica perennial domesticated species are generally 

cultivated in traditional agricultural habitats, as backyard gardens and living fences where they 
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frequently coexist with natural wild populations (Miller and Schaal, 2005). Spondias purpurea 

is propagated vegetatively but only females are planted for fruit consumption. Thus, fruit 

production can be reached via sexual reproduction, if male trees from nearby wild populations 

act as sources of pollen for female cultivated trees, or by asexual fruit production (i.e. 

apomixis). In addition, genetic diversity and gene flow of cultivated trees can be maintained 

by cross pollination in the wild-cultivated landscape. Therefore, S. purpurea provides a model 

to understand mating patterns, genetic diversity and structure in auto-incompatible trees that 

coexist with wild relatives.  

Our study took place in the northwest pacific region of Costa Rica, where wild 

individuals of S. purpurea occur in early regeneration forest and in small forest fragments. In 

the region farmers cultivated S. purpurea under traditional practices as backyard gardens and 

living fences. The objectives of our study were (1) to determine whether wild and cultivated S. 

purpurea differ genetically, (2) to estimate mating patterns of wild and cultivated trees and (3) 

to quantify sexual and asexual seed production.   

METHODS  

Study species  

Spondias purpurea L. (Anacardiaceae) is a small (3-10 m) tree, known locally as “jocote”, 

“ciruelo”, “abal” or “jobo”, native to the tropical dry forests of Mexico and Central America. 

Natural populations of S. purpurea are dioecious that depend on insects, mainly stingless bees, 

for cross-pollination. Jocote was domesticated for their plumlike fruits in the Mesoamerican 

region (Miller and Schaal, 2006). These fruits are sold fresh in local markets or made into jams 

and beverages (Miller and Knouft, 2006; Miller and Schaal, 2006). Cultivated mature fruits 

vary widely in color, size, texture and taste (Cuevas, 1994). Female cultivated Jocote trees are 

propagated exclusively vegetatively for fruit consumption (Miller, 2011). Cultivated trees are 

regularly planted in backyard gardens, living fences, and small multicrop farms, although 
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formal cultivation exists in orchards (Cuevas, 1994; Miller and Schaal, 2006). Wild jocote trees 

occur in remnants of tropical dry forest regularly in close spatial proximity to their cultivated 

relatives. Wild jocote fruits are usually bright red, smaller, more acidic and less fleshy than 

cultivated fruits (Cristobal-Perez et al 2020) (Miller and Schaal, 2006). 

Study area and sampling 

 Spondias purpurea trees were located in Agua Caliente (AC, 10º 55’ 55.16’’N, 85º 39’ 

56.56’’ W) (Fig. 1), Murcielago (MU, 10º 54’ 41.97’’N, 85º 41’ 25.25’’ W) (Fig. 1) and 

Estación Experimental Forestal Horizontes (EEFH, 10º 42’ 47.05’’N, 85º 35’ 43.63’’ W) (Fig. 

2) in the Área de Conservación Guanacaste (ACG); these populations are located in Guanacaste 

Province, Northwest Costa Rica. The three sites are tropical dry forests that differ in land use. 

AC and MU are disturbed habitats mainly composed by small remnant forest patches and 

isolated trees surrounded by an agricultural matrix. Along both sites cultivated trees are planted 

in backyard gardens and living fences, wild trees are growing within small forest remnants and 

in pasture lands as isolated trees. EEFH is a 7 317 ha managed secondary forest. In the past, 

large portions of EEFH were used for rice, cotton, and sorghum production as well as cattle 

grazing, however three decades ago when EEFH was created the forest began to regenerate 

(Waring et al., 2019). At EEFH cultivated trees are planted in backyard gardens nearby to 

station facilities, wild trees are growing in secondary forest as part of the regeneration process.  

We selected two groups of individuals (cultivated and wild trees) classified by fruit traits 

described above. Male trees are not propagated under cultivation; thus, all male individuals 

were considered into the wild group. To estimate mating patterns and pollen gene flow we 

collected fruits from cultivated and wild female trees (303 from cultivated trees and 343 from 

wild trees). Fruits were collected directly from the canopy of each individual to guarantee that 

we sampled progeny from a single maternal tree.  

Microsatellite analysis 
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We collected fresh leaf tissue from adult trees and stored them at -20 ºC until DNA 

extraction. For mating patterns and pollen dispersal analyses we dissected fruits and sampled 

embryos for DNA extraction. DNA from both tissues was extracted using a modified 

Cetylmethylammonium Bromide (CTAB) protocol (Doyle and Doyle, 1987). Nine 

microsatellites previously developed for S. purpurea (Cristóbal-Pérez et al., 2019),  were 

amplified via multiplex PCR using QIAGEN Multiplex kit (QIAGEN, Hilden, Germany) in 12 

µL reaction volumes. The multiplex mix primers were amplified as follows: Mix 1: SPUR44, 

SPUR40, SPUR41, SPUR28; Mix 2: SPUR57, SPUR29 and SPUR33; and Mix 3: SPUR42, 

SPUR35, SPUR39; in all cases primers were at a 0.2 µM concentration. The PCR amplification 

profile included an initial activation step of 95 ºC for 15 min, followed by a touchdown PCR 

consisting of 32 cycles with denaturation at 95 ºC for 90 s; annealing for 60 s with temperature 

decreasing 1 ºC every two cycles from 64 ºC (12 cycles), then 10 cycles at 58 ºC and 10 cycles 

at 57 ºC; elongation at 72 ºC for 60 s; and a final extension at 72ºC for 5 min (Cristóbal-Pérez 

et al., 2019). Fragments were analyzed on an automatic ABI-PRISM 3100-Avant sequencer 

(APPLIED BIOSYSTEMS, Carlsbad, California, USA) using GeneScan LIZ 600 (APPLIED 

BIOSYSTEMS, Carlsbad, California, USA) to determine fragment sizes. Alleles were scored 

manually using GeneMarker Software version 2.6.4 (SOFTGENETICS). To reduce 

genotyping error, all samples were independently genotyped by two different researchers to 

reach consensus in the final data set. Monomorphic microsatellites for these populations 

(SPUR41, SPUR35 and SPUR39) were excluded from further analysis.   

 

Data analysis 

Genetic diversity was quantified for each group using the following parameters: allele 

number averaged across loci (Na), allelic richness (Ar), observed (Ho) and expected (He) 

heterozygosities and fixation indexes (F). These parameters were calculated using the library 
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poppr (Kamvar et al., 2014) implemented in R (R Core Team, 2019). Differences in genetic 

diversity between groups were tested using FSTAT 2.9.3.2 (Goudet 2005), assuming Hardy-

Weinberg equilibrium and using 10 000 permutations to test for the significance of inbreeding 

coefficients. In order to identify unique multilocus genotypes (genets) we used the software 

GENODIVE v.3.04 (Meirmans and Tienderen, 2004).  Genets assignment was performed as 

suggested by Meirmans and Tienderen (2004), calculating a genetic distance matrix and a 

clonal threshold. When the genetic distance between two individuals falls below the threshold, 

which was set to 0 for our study as suggested by Meirmans and Tienderen (2004), the two 

individuals are assigned to the same genet. We used the stepwise mutation model option and 

genotypes with missing data were ignored. After, we calculated the number of unique 

multilocus genotypes, Simpson`s diversity and evenness index.  

To explore overall genetic structure of wild and cultivated trees, we first performed a 

principal coordinate analysis (PCoA) using GeneAlEx v 6.5 (Peakall and Smouse, 2006, 2012). 

Second, we applied a Bayesian approach to make inferences and estimate genetic clusters 

(number of genetically distinct populations, K) using STRUCTURE v 2.3.4 (Pritchard et al., 

2000) and STRUCTURE HARVESTER (Earl and vonHoldt, 2012). STRUCURE v 2.3.4 

software was executed by using an admixture model, an initial burn-in of 25 000 iterations, 

with 250 000 subsequent Markov chain Monte Carlo repeats to determine the subdivision of 

samples. Ten independent replicas (runs) were performed for each K value tested: from K= 2 

to K= 10. The optimal K value was selected by using the delta K parameter (Evanno et al., 

2005).  

Multilocus correlation of paternity (rpm) was estimated using MLTR (Ritland, 2002). 

Correlated paternity is a measure of the proportion of pairs of outcrossed siblings that are full 

siblings. The standard error of the estimates was calculated by bootstrapping with 1000 

repetitions. We estimated the average effective number of pollen donors per maternal plant 
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(Nep) using multilocus-correlated paternity (rpm). The reciprocal of the rpm corresponds to the 

effective number of pollen donors (Nep) (Ritland, 2002).   

RESULTS  

A total of 201 adult individuals (46 cultivated and 155 wild) and 648 seeds (411 

cultivated and 237 wild) were sampled and genotyped in the three study sites (Table 1). All 

loci analyzed were polymorphic. All genetic parameters did not statistically differ between 

cultivated and wild individuals (p > 0.56) (Table 1).  

The proportion of distinguishable ramets based on multilocus genotypes in cultivars 

(G/N= 0.73) was similar to wild jocotes (G/N= 0.77) (Table 2).  Clonal diversity was high and 

similar between cultivated (D= 0.9) and wild trees (D= 0.96) (Table 2). Evenness measures 

were also similar between cultivated (E= 0.7) and wild trees (E= 0.62) (Table 2).  

PCoA analysis of the matrix of genetic distances between individuals generated two 

axes of variation: the first axis explained 35.87% and the second axis 9.72% of the variation 

(Fig. 3). This analysis detected three main groups: group1, with high values on axis 1 and low 

values on axis 2, comprising most of the samples from Horizontes wild group; group 2, with 

low values on axis 1 and high values on axis 2 is composed principally of samples from wild 

group of Horizontes and Murcielago; group 3, with low values for axis 1 and axis 2, comprising 

most of the samples from the three cultivated groups and most of the samples from wild group 

of Agua Caliente and Murcielago. Bayesian clustering analysis with STRUCTURE software 

revealed similar patterns. Structure Harvester suggested that K = 3 was the most likely genetic 

cluster number (Fig. 4). The three cultivated and two wild groups (Agua Caliente and 

Murcielago) are mostly composed by clusters 1 and 2 (Fig. 4). Horizontes wild group is mostly 

composed by clusters 2 and 3 (Fig. 4).  



 40 

Table 3 shows paternity correlations (rp) and mean effective number of parents (Nep) 

within seed groups for wild and cultivated groups.  A paternity correlation value of 1 indicates 

that the progeny are full-sibs and a value of 0 indicates that the progeny do not share 

sires.  Paternity correlations were similar for both cultivated and wild groups (rp CULTIVATED = 

0.99; rp WILD = 0.91) (Table 3). Therefore, the effective number of pollen donors were similar 

for cultivated and wild groups (Nep =1.01; 1.09 respectively). We identified seeds with 

multilocus identical genotypes to maternal tree (MGM), which suggest asexual production of 

seeds (Table 4). Seeds with MGM were more frequent in cultivated trees (13 % of total 

cultivated seeds) in comparison to seeds produced in wild trees (2% of total wild seeds) (x2 = 

28.98, df = 1, p < 0.001). 

DISCUSSION 

 The analysis of microsatellite loci in S. purpurea revealed intermediate levels of genetic 

diversity in both cultivated and wild stands. In all localities we observed intermediate levels of 

genetic diversity which is similar to other tropical trees (Hamrick, 2004; Dick et al., 2008). Our 

results show that genetic diversity in wild and cultivated S. purpurea populations in 

northwestern Costa Rica, was similar in terms of number of alleles, expected and observed 

heterozygosity and inbreeding coefficient. These results are similar to other perennial fruit 

crops (e.g. pecan, apple, olive, pistachio, sweet cherry chestnut, grape, Leucaena esculenta, 

Polaskia chichipe) (Miller and Gross 2011), where domesticated populations maintain as much 

genetic diversity levels as their wild relatives (Miller and Gross 2011). In outcrossing perennial 

crops, clonal propagation can help to maintain genetic diversity through propagation of 

individuals with heterozygous genotypes that show heterosis hybrid vigour (Elias et al. 2004; 

McKey et al., 2010). 

Clonal diversity was similar and high in both cultivated and wild stands. High clonal 

diversity in cultivated stands can be explained as result of propagation of several genotypes per 
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locality as in other vegetatively propagated plants (e.g., Ficus carica, Dioscorea rotundata, 

Olea europaea, Theobroma cacao) (Martins-Lopes et al. 2009; Achtak et al 2010; Scarcelli et 

al. 2013; Chumacero et al 2013). In S. purpurea wild clonal trees are young individuals 

scattered distributed in secondary forests, probably established as a result of dispersion of seeds 

produced asexually. Our results show a small proportion of progeny arrays with multilocus 

identical genotypes to their maternal trees, which is evidence of apomictic seed formation 

(Nassar et al. 2007; Anand et al. 2019). In other tropical genera of the Anacardiaceae family, 

as Astronium, Mangifera, Myracroduon and Tapirira, there is evidence of the occurrence of 

asexual production of seeds (apomictic seeds) (Firetti 2017).  

Genetic structure analyses show that cultivated and wild stands did not represent 

different genetic groups. Small differences were observed only in EEFH where two genetic 

groups in the wild are overrepresented in comparison with cultivated individuals (Fig. 4). 

Genetic admixture observed in this study can be associated with pollen and seed gene flow 

between cultivated and wild individuals within all localities. In our study site cultivated stands 

consist of small orchards and live fences surrounded by secondary forests where wild relatives 

occur. There is evidence that gene flow can be maintained between cultivated plants and their 

wild relatives by pollinators inhabiting forest remnants (Ellstrand et al. 1999; Chumacero et al. 

2013).  

Paternity correlation measures indicated that seeds in both cultivated and wild trees are 

sired by a reduced number of effective pollen donors. In our study S. purpurea populations are 

distributed in disturbed habitats with low forest cover, that includes agricultural landscapes 

(AC and MU) and secondary forest (EEFH). In S. purpurea, a previous study showed that in 

disturbed habitats floral displays are large but pollinator activity is negatively affected 

(Cristobal-Perez et al in prep). Larger floral displays reduced pollinator movement between 

reproductive individuals reducing the diversity of sires and increasing the relatedness of 
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maternal progeny arrays (Karron et al. 2004; Karron & Mitchell 2012; Cristobal-Perez et al in 

prep).  

In previous studies results show that S. purpurea depends on pollinators for sexual 

reproduction and seed production (Cristóbal-Pérez et al 2020; Cristobal-Pérez et al. in prep.). 

Under domestication, cultivated stands consist exclusively of female trees propagated 

vegetatively which can result in mate limitation (Mckey et al. 2010). Our results show that a 

high proportion of seeds are produced by sexual via, indicating that male trees of wild stands 

serve as pollen source for seed formation. In other dioecious fruit trees (e.g. pistachio, papaya) 

male trees are added to cultivated stands and serve as pollen donors to ensure fruit production 

(Zohary 2004). In areas where domesticated and wild relatives coexist, genetic diversity, gene 

flow and seed production of cultivated trees can be maintained by constant cross pollination in 

the wild-cultivated landscape. In addition, some cultivated perennial plants have evolved from 

producing fruit through sexual reproduction in the wild to parthenocarpic fruit under cultivation 

(e.g., banana, fig, pear, pistachio) (Miller and Gross, 2011). Our results show that this 

mechanism occurs in S. purpurea ensuring fruit formation under conditions of mate limitation.  

In conclusion, in dioecious vegetatively propagated plants breeding system and 

propagation of heterozygous clones maintain moderate levels of genetic diversity. In areas 

where domesticated and wild individuals coexist, constant gene flow between groups lets 

genetic admixture and ensure fruit production. Under mate limitation conditions fruit 

production is provided by reproductive assurance mechanisms such as apomixis. 
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TABLES AND FIGURES 

TABLE 1. Genetic diversity parameters of wild and cultivated Spondias purpurea. N: 

Number of individuals; NA: mean allele number per locus; AR: Allelic richness; HO: observed 

heterozygosity; HE: expected heterozygosity. 

Group Locality and size class N Na Ar Ho He F 

Cultivated Agua Caliente - Adults 22 3.86 

(0.705) 

2.98 

(0.307) 

0.642 

(0.139) 

0.50 

(0.215) 

-0.208 

(0.19) 

 Agua Caliente - Seeds 141 4.86 

(0.829) 

1.932 

(0.220) 

0.47 

(0.108) 

0.437 

(0.069) 

-0.063 

(0.15) 

 Murcielago - Adults 16 3 

(0.436) 

2.20 

(0.401) 

0.49 

(0.130) 

0.46 

(0.089) 

0.04 

(0.21) 

 Murcielago - Seeds 154 3.58 

(0.429) 

1.93 

(0.149) 

0.75 

(0.124) 

0.46 

(0.048) 

-0.55 

(0.154) 

 EEFH - Adults 8 3.15 

(0.34) 

2.37 

(0.292) 

0.50 

(0.093) 

0.57 

(0.063) 

0.08 

(0.132) 

 EEFH - Seeds 116 3.45 

(0.481) 

2.36 

(0.268) 

0.52 

(0.121) 

0.53 

(0.077) 

-0.04 

(0.206) 

 Mean 76 23.3 2.92 0.54 0.51 0.13 

Wild Agua Caliente - Adults 29 4 

(0.535) 

2.3 

(0.238) 

0.65 

(0.141) 

0.51 

(0.074) 

-0.192 

(0.198) 

 Agua Caliente - Seeds 84 4.86 

(0.829) 

1.94 

(0.22) 

0.47 

(0.108) 

0.44 

(0.069) 

-0.063 

(0.15) 

 Murcielago - Adults 25 3.6 

(0.459) 

3.58 

(0.369) 

0.55 

(0.071) 

0.55 

(0.046) 

-0.01 

(0.122) 

 Murcielago - Seeds 47 3.72 

(0.522) 

2.32 

(0.298) 

0.66 

(0.106) 

0.53 

(0.053) 

-0.22 

(0.159) 

 EEFH - Adults 101 5 

(0.787) 

1.87 

(0.22) 

0.34 

(0.127) 

0.40 

(0.084) 

0.24 

(0.217) 

 EEFH- Seeds 106 3.8 

(0.522) 

2.32 

(0.298) 

0.66 

(0.106) 

(0.53) 

(0.053) 

-0.22 

(0.159) 

 Mean 65 29.3 2.85 0.50 0.49 0.14 

 Grand mean 849 3.85 

(0.18) 

2.17 

(0.077) 

0.55 

(0.034) 

0.49 

(0.02) 

-0.01 

(0.052) 
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TABLE 2. Clonal diversity parameters of wild and cultivated Spondias purpurea. N: Number 

of individuals; G: number of unique multilocus genotypes; D: Simpson’s Diversity; E: 

evenness. 

Group Locality  N G G/N D E 

Cultivated Agua Caliente 19 12 0.63 0.9 0.56 

 Murcielago 11 7 0.58 0.81 0.55 

 EEFH 7 7 1 1 1 

 Mean 37 8.66 0.73 0.9 0.7 

Wild Agua Caliente 28 21 0.75 0.94 0.51 

 Murcielago 20 19 0.95 0.99 0.95 

 EEFH 84 53 0.63 0.96 0.41 

 Mean 132 31 0.77 0.96 0.62 

 

Table 3. Paternity correlation of wild and cultivated Spondias purpurea. n: offspring; rp: 

multilocus correlation of outcrossed paternity; Nep: effective number of parents.  

Jocote type Locality n rp Nep 

Cultivated Agua Caliente 141 0.99 

(0.03) 

 

1.01 

 Murcielago 154 0.99 

(0.01) 

1.01 

 EEFH 116 0.99 

(0.09) 

1.01 

 Mean 411 0.99 1.01 

Wild Agua Caliente 84 0.95 

(0.06) 

1.05 

 Murcielago 47 0.83 

(0.07) 

1.2 

 EEFH 107 0.95 

(0.04) 

1.05 

 Mean 238 0.91 1.09 
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Table 4. Progeny arrays with multilocus identical genotypes to maternal trees, from 

wild and cultivated trees of Spondias purpurea. n: number of seeds analysed per tree; Mig: 

number of seeds with multilocus identical genotypes to maternal tree.  

Jocote type Locality Maternal tree n Mig 

Cultivated Agua Caliente ACF-16 10 5 

  ACF-38 16 5 

 Murcielago MUF-41 10 5 

  MUF-3 16 5 

 Horizontes HF-1 13 1 

Wild  Murcielago MUF-24 17 7 

  MUF-49 12 2 

 

 

 

 

Figure 1. Spatial distribution of cultivated and wild Spondias purpurea individuals in A) Agua Caliente y B) 

Murcielago, Guanacaste, Costa Rica.  This map was created in Quantum GIS v.3.4 (Quantum GIS 

Development Team (2018). Quantum GIS Geographic Information System. Open Source Geospatial 

Foundation Project. http://qgis.osgeo.org). 

http://qgis.osgeo.org/
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Figure 2. Spatial distribution of cultivated and wild Spondias purpurea individuals in Estación Experimental 

Forestal Horizontes, Guanacaste, Costa Rica. This map was created in Quantum GIS v.3.4 (Quantum GIS 

Development Team (2018). Quantum GIS Geographic Information System. Open Source Geospatial 

Foundation Project. http://qgis.osgeo.org). 

 

 

 

 

http://qgis.osgeo.org/
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Figure 3. Representation of first two axes of principal coordinate analysis (variation 

explained: axis 35.87%; axis 2, 9.72%) made from the matrix of genetic distances between 

individuals of Spondias purpurea obtained from 7 microsatellite genotypes. Symbols indicate 

the group and locality of the sample. 

 

 

Figure 4. Mean results of 10 runs of Structure at K=3 for 201 Spondias purpurea individuals in 6 wild or 

cultivated groups.  
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CAPÍTULO IV. Isolation and characterization of microsatellites loci in Spondias 

purpurea (Anacardiaceae) and cross amplification in congeneric species 
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DISCUSIÓN GENERAL Y CONCLUSIONES 

 

 Los resultados de esta tesis demuestran el papel de las interacciones bióticas en el 

mantenimiento de la diversidad genética y los niveles de flujo génico de S. purpurea. El efecto 

de procesos dependientes de la densidad y la distancia, que son claves para explicar la alta 

riqueza de especies en bosques tropicales, juegan un papel importante sobre los patrones de 

flujo génico, la formación de estructura genética a escala fina y la adecuación de S. purpurea. 

Nuestros resultados demuestran baja estructuración genética a escala fina a distancias cortas, 

la cual disminuye en relación inversa con la distancia espacial. Un resultado similar al 

encontrado en otras especies con semillas dispersadas por vertebrados (Hardesty et al., 2005; 

Zhou y Chen, 2010).  Los dispersores de semillas de S. purpurea incluyen aves (Ortalis 

poliocephala e Icterus pustulatus) mamiferos (Odocoileus virginianus, Pecari tajacu, Canis 

latrans, Nasua narica, Urocyon cinereoargenteus, Didelphis virginiana, Sciurus colliaei y 

Liomys pictus) y réptiles (Ctenosaura pectinata) (Mandujano et al., 1994). A excepción de P. 

tajacu, que depreda las semillas, el resto de estos vertebrados pueden mover las semillas a 

distancias largas (Mandujano et al., 1994). El planteamiento original de Janzen (1970) 

establece que como resultado de la interacción entre la dispersión y depredación de semillas, 

las poblaciones de árboles tropicales presentan una curva óptima de reclutamiento poblacional.  

En S. purpurea esta curva ocurre entre los 150 y 200 metros. Adicionalmente, la comparación 

entre las curvas de dispersión efectiva y realizada de polen demuestra que las semillas resultado 

de la polinización a larga distancia, tienen una mayor probabilidad de establecerse que aquellas 

polinizadas a distancias cortas.  Esto indica que la probabilidad de sobrevivir y establecerse en 

la población está en función de la distancia de los árboles parentales (maternos y paternos) en 

congruencia con el planteamiento de la hipótesis Janzen-Conell. Entonces factores 

dependientes de la densidad y la distancia regulan los patrones de flujo génico y la adecuación  

en S. purpurea; árboles que dispersan su polen y semillas a larga distancia tienen mayor fitness 

masculino y femenino, respectivamente, lo cual resulta en bajos niveles de estructura genética 

a escala fina (Cristóbal-Pérez et al., 2020).    

 Sin embargo las interacciones bióticas pueden ser alteradas como consecuencia de la 

pérdida y fragmentación del hábitat. En nuestro estudio los árboles de los ambientes 

fragmentados reciben menores tasas de visitas por polinizadores, tienen tasas de fructificación 

más bajas, menores distancias de dispersión de polen, un menor número de donadores de polen 

y menor diversidad genética que los árboles de bosques continuos. La alteración de estos 

elementos puede comprometer la persistencia de las poblaciones y su viabilidad en el largo 
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plazo (Aguilar et al. 2019). Aún cuando los árboles de S. purpurea en ambientes fragmentados 

produjeron más flores y la composición de la comunidad de polinizadores se mantiene entre 

hábitats, la tasa de visitas de polinizadores disminuye reflejándose en una baja tasa de 

fructificación. Además, los resultados obtenidos para el patrón de flujo génico vía polen 

reflejan que una mayor producción de flores puede afectar el comportamiento de los 

polinizadores, limitando su movimiento de forrajeo dentro de un mismo árbol o entre 

individuos espacialmente cercanos (Karron et al. 2004; Karron & Mitchell 2012). Por lo tanto, 

si como se demuestra en el capítulo 1, semillas producidas por eventos de polinización cercanos 

tienen una menor probabilidad de establecerse, el fitness masculino estaría afectando 

negativamente (Cristóbal-Pérez et al., 2020). Adicionalmente, los cambios en los patrones de 

forrajeo de los polinizadores puede afectar negativamente el número de donadores de polen 

(Fuchs et al., 2003; Quesada et al., 2001; Quesada et al., 2004). Una reducción en el número 

de donadores puede afectar negativamente la calidad de las cargas de polen reflejándose en una 

baja producción de frutos. Nuestros resultados demuestran que alteraciones en la interacción 

planta-polinizador se reflejan en una disminución en la diversidad genética de S. purpurea en 

ambientes fragmentados lo cual puede comprometer la persistencia de las poblaciones en el 

largo plazo.  

 En la actualidad los paisajes tropicales están compuestos por remanentes de bosque 

rodeados por matrices agrícolas. En centros de origen y domesticación de plantas, como 

Mesoamérica, las plantas cultivadas generalmente coexisten con sus parientes silvestres en 

estos paisajes (Miller y Gross., 2011). Nuestros resultados demuestran que las poblaciones 

silvestres de S. purpurea son importantes reservorios de diversidad genética. En plantas 

perennes, el modo de propagación vegetativa permite la propagación de diferentes genotipos 

por cultivar (alta diversidad clonal), manteniendo elevados niveles de diversidad genética en 

las poblaciones cultivadas como los obtenidos en nuestro estudio (Elias et al. 2004; McKey et 

al., 2010). Nuestros resultados demuestran baja estructuración genética de las poblaciones, lo 

cual puede ser resultado de flujo génico constante entre las poblaciones cultivadas y sus 

parientes silvestres (Ellstrand et al. 1999; Chumacero et al. 2013). Además en plantas dioicas 

domesticadas para el consumo de sus frutos como S. purpurea, la producción de frutos es 

asegurada por vía sexual, a través del flujo génico entre las plantas cultivadas y sus parientes 

silvestres y por vía asexual a través de la producción de semillas por apomixis (Zohary 2004).  

 Este trabajo demuestra el papel de factores dependientes de la densidad y la distancia 

en la diversidad genética, la estructura genética a escala fina y la adecuación de las poblaciones 

de plantas. Aporta evidencia de los efectos negativos de la fragmentación del hábitat sobre el 
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éxito reproductivo, la diversidad genética y el flujo génico y demuestra el papel de las 

poblaciones silvestres como reservorios de la diversidad genética de poblaciones cultivadas y 

como fuentes de polen para el aseguramiento de la producción de frutos. 
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