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Abstract 

Incorporating genetic information into the conservation management of wild populations 

is extremely important yet limited due to poor communication among evolutionary geneticists 

and conservation managers. Here we present the results of genetic research on a wild population 

of primates, Central American Squirrel Monkeys (Saimiri oerstedii), in a non-technical way that 

will allow clear and effective communication of the results and related management 

recommendations to conservation managers and policy-makers. Our most crucial 

recommendations include: 1) the two S. oerstedii subspecies should be housed separately in 

captive facilities and not allowed to hybridize, 2) transfers, reintroductions, or translocations of 

either males or females are equally likely to be successful, 3) the northern population of S. o. 

citrinellus is isolated and in order to augment dispersal to this population, efforts should focus on 

building biological corridors through or around adjacent oil palm plantations, and 4) managers 

should prioritize maintaining existing forest connectivity by engaging with the municipal 

governments to ensure that any plans for development explicitly promote connectivity of forests 

through forest easements. 

 

Introduction 

Genetic information has been incorporated into the design and implementation of 

conservation efforts since the late 1970s (Frankel & Soulé 1981; Frankham 2006; Frankham 

2010). However, the practical application of this information has been largely restricted to the 

management of populations in captivity, not in the wild. For populations in captivity, genetic 

information is used, for example, to estimate relatedness among individuals in order to prevent 

inbreeding, outbreeding, or hybridization (DeSalle & Amato 2004). Genetics-based management 

of wild populations is less common, but not because of a lack of information; genetic studies on 

wild populations have increased exponentially in recent years owing to technical advances in 

high-throughput DNA analysis from low-quality, non-invasively collected samples including 

feces (DeSalle & Amato, 2004). These studies could be extremely useful to on-the-ground 

management efforts, as they often identify populations of concern, define biologically relevant 

management units, and estimate population sizes and sex ratios (Duagherty et al. 1990; Melnick 

et al. 2000; Frankham et al. 2002; Reed et al. 2003; DeSalle & Amato 2004; Frankham 2010). 

It may be that managers are not making full use of extensive genetic data available 

because of weak lines of communication among researchers and managers (Vernesi et al. 2008; 

Laikre 2010). International conservation efforts and policies at a broader level are also lacking in 

input from genetic findings. International efforts typically focus on habitats, landscapes, and 

species, but not gene level variation. Thus, important conservation genetic findings are generally 

not translated to concrete conservation actions as a part of international policy development. As 
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such, genetic variation is not monitored, and there is no strategy for how genetic information can 

be included in international biodiversity targets (Laikre 2010).  
Communication among conservation geneticists, managers, and policymakers needs to 

improve, as many of the most pressing issues in biodiversity conservation include those that 

would benefit from the input of genetic data. Chief among them is the management of 

populations in fragmented and degraded habitats (Frankham 2010). Habitat fragmentation 

threatens species’ survival by decreasing dispersal rates among populations, which, via 

inbreeding and genetic drift, can cause drastic reductions in genetic diversity, resulting in lower 

effective population sizes, and higher susceptibility to external pressures including disease 

(Frankham et al. 2002; Frankham 2006). 

 Here we present a case study in how the results of highly technical genetic research on a 

wild population of primates can be communicated clearly and effectively to a non-technical 

audience of conservation managers and policy-makers. Management recommendations based on 

genetic research on the Central American Squirrel Monkey (Saimiri oerstedii) are outlined 

below, as they will be presented (in Spanish) to Costa Rican non-governmental organizations, 

park managers, and government officials at the Ministry of the Environment and Energy. 

Recommendations are grouped by the type of genetic analyses undertaken: 1) Analyses of 

population genetic structure, 2) Analyses of sex-biased dispersal, and 3) Analyses of landscape 

genetics and habitat connectivity. Recommendations are clear, relate to specific management 

actions, and are linked directly to data and results. 

 In our analyses, 242 individual fecal samples collected from across the entire distribution 

of the northern subspecies S. o. citrinellus and 13 samples from the southern species S. o. 

oerstedii were genotyped at 16 microsatellite markers and sequenced for a 880 bp region of the 

mitochondrial d-loop. These markers were chosen because they evolve rapidly and neutrally, and 

are commonly used in studies seeking to describe patterns of dispersal. 

 

National and International Conservation Importance of Saimiri oerstedii 

The two subspecies of the Central American Squirrel Monkey, S. o. citrinellus and S. o. 

oerstedii have been listed as critically endangered and endangered (respectively) since 1996 on 

the International Union for the Conservation of Nature (IUCN) Red List of Threatened Species, 

due to their restricted and fragmented ranges of occurrence, and continuing habitat loss (IUCN 

2010). Because S. oerstedii are frugivorous and probable seed dispersers, they are likely to play 

important roles in the long-term survival of Costa Rican forests, which are some of the most 

diverse in the world (Hartshorn 1983; Harmon 2004). Further, S. oerstedii are very charismatic 

and considered by many as a flagship species for biodiversity conservation in the region, and a 

major draw for Costa Rica’s tourism industry, which represents over 15% of the Gross National 

Product (ICT 2005). Thus, the conservation of S. oerstedii is extremely important to the 

international conservation community, but more importantly it represents a key component of a 

major driver of Costa Rica’s economy. 

 

Population Genetic Structure 

Analyses of population genetic structure in the wild can be used to inform conservation 

management both on-the-ground (in situ) and in captivity (ex situ). Here, we present analyses of 

population genetic structure among wild populations of S. oerstedii in order to 1) identify 

isolated populations that would benefit from augmented dispersal through on-the-ground efforts, 

and 2) confirm that subspecies are evolutionarily significant units (ESUs), or clusters of 
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organisms of substantial biological importance, in order to prevent hybridization among such 

clusters in captivity. 

We inferred population genetic structure using standard methods, with both nuclear 

microsatellite markers that are inherited from both parents and mitochondrial DNA, which is 

inherited only from mothers. A complete description of methods and results are presented in 

Blair and Melnick (In prep-a). 

The levels of microsatellite genetic diversity we found are similar to other ongoing 

studies of microsatellite diversity (G. Gutierrez, Pers. comm.) and a recent study of isozyme 

diversity (Zaldivar et al. 2004) in S. oerstedii. When comparing genetic diversity across the 

different Costa Rican primate species, S. oerstedii consistently has the greatest amount of 

diversity despite its endangered status. Such high levels of diversity may be due to certain life 

history characteristics of Saimiri compared to other primates. Saimiri have short generation times 

and large population sizes, which result in high population growth rates and the accumulation of 

genetic diversity (Zaldivar et al., 2004). 

 

Major result 1: 

• There are two genetically different populations within S. o. citrinellus, and the northern 

one is less genetically diverse.  

Management recommendation: 

• Conservation of the northern population of S. o. citrinellus should be considered a 

priority and dispersal to this population from the southern population should be 

augmented and monitored closely. 

 

All analyses of both microsatellite and mitochondrial data support there being two 

genetically distinct populations within S. o. citrinellus. In landscapes with historical and ongoing 

habitat loss and modification such as S. o. citrinellus habitat, populations often become 

fragmented and certain landscape features prevent dispersal among them, resulting in ever 

growing genetic differences among the populations. In order to maintain the naturally high levels 

of genetic diversity we found among these populations, conservation managers should monitor 

and augment dispersal to the northern population, which is more isolated and less genetically 

diverse than the southern population of S. o. citrinellus. The results of our landscape genetics 

analyses (presented below) are more specific about what landscape features are preventing 

dispersal, and how and where dispersal to the northern population could be augmented. 

 

Major result 2: 

• The two S. oerstedii subspecies are well supported by genetic data as biologically 

significant clusters. 

Management recommendation: 

• The two S. oerstedii subspecies should be housed separately in captive facilities and not 

allowed to hybridize.  

• Managers should take care not to re-introduce individuals from one subspecies into the 

range of the other. 

 

Analyses of both the microsatellite and mitochondrial data support strong genetic 

differentiation between the two S. oerstedii subspecies. Managers can tell the two subspecies 

apart by slight differences in coloration and size: S. o. citrinellus are slightly larger in size and 



 4 

males have grey pelage on the crown of their heads as opposed to black pelage in S. o. oerstedii 

(Boinski & Sirot 1997; Carrillo et al. 2002). In addition, we have identified distinct 

mitochondrial d-loop haplotypes for each subspecies to facilitate genetic identification of 

unknown individuals in captivity (Blair & Melnick In prep-a). 

 

Sex-biased Dispersal 

Typically, in primate social groups with more than one female, males predominantly 

disperse from the natal group and females are philopatric (Melnick & Pearl 1987). However, in 

some species, females are more likely to disperse, or both sexes are equally likely to disperse, 

but different distances (Pusey & Packer 1987; Huck et al. 2007; Lawson Handley & Perrin 

2007). Information on whether predominantly males or females disperse has important 

implications for conservation management activities both on-the-ground and in captivity. For 

example, in a predominantly female-dispersing species, females can be moved among captive 

facilities, reintroduced to wild populations, or translocated among populations, but it is unlikely 

that any of these activities would be successful with males. 

We looked for sex-biased dispersal patterns in S. o. citrinellus by separating our dataset 

into males and females and comparing between them the association of genetic distance with 

geographic distance, which should be stronger among males than females if females disperse (Di 

Fiore & Fleischer 2005), and values of relatedness. If females disperse, values of relatedness 

(such as the corrected assignment index score, AIc) will be lower and have greater variance 

among females as compared to males (Favre et al. 1997). We also compared patterns of 

population genetic structure in mitochondrial and nuclear genetic markers. Because mitochondria 

are inherited only from mothers, these data describe female-mediated gene flow (dispersal) 

patterns, while nuclear markers describe both male and female patterns (Melnick 1988; Melnick 

& Hoelzer 1993; Favre et al. 1997; Di Fiore & Fleischer 2005; Eriksson et al. 2006). A complete 

description of methods and results are presented in Blair and Melnick (In prep-b). 

 

Major result 3: 

• There appears to be no genetic evidence of sex-biased dispersal in S. o. citrinellus.  

Management recommendation: 

• Transfers, reintroductions, or translocations of either males or females are equally likely 

to be successful. However, it is safest to first test these methods for success in males 

before broadly applying this recommendation. 

 

Previous studies of behavioral ecology observed predominantly female dispersal in S. o. 

oerstedii in the Osa Peninsula in the Southern Pacific region of Costa Rica (Boinski & Sirot 

1997; Boinski et al. 1998; Boinski 1999). However, our genetic data do not support 

predominantly female dispersal in S. o. citrinellus in the Central Pacific region. Specifically, 

females and males did not differ in the association of genetic and geographic distance, or in 

values of relatedness. Further, recent migrants of both sexes were genetically detected among 

populations, and we found greater population genetic structure in the mitochondrial DNA, 

suggesting that although some females disperse, many do not.  

It is likely that our genetic research was able to detect rare dispersal events not 

identifiable by direct observation (Di Fiore 2003; Lawson Handley & Perrin 2007), which may 

explain why S. o. citrinellus dispersal patterns differ from behavioral observations of S. o. 
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oerstedii. However, ecological factors of their respective habitats may also be driving differences 

in dispersal patterns.  

Our results suggest that transfers, reintroductions, and translocations of either sex are 

equally likely to be successful in S. o. citrinellus. However, we urge conservation managers to 

use caution; because studies of behavioral ecology only support female dispersal in S. o. 

oerstedii, managers should test the success of male transfers in S. o. citrinellus before broadly 

applying this recommendation. 

 

Landscape Genetics and Connectivity 

The distribution of S. o. citrinellus includes only one protected area, which is both the 

smallest and most heavily visited protected area in the country, Manuel Antonio National Park 

(ICT 2005). Thus, the management of S. o. citrinellus outside the national park is essential to its 

persistence. However, outside the park the majority of forests (approximately 80%) were 

replaced with fruit plantations in the 1930s (Mattey 1992, 1994; PRMVS 1996). We used a 

landscape genetics approach to determine what type of matrix habitats, defined as unsuitable 

habitats in between patches of natural forest, are contributing the most to the isolation of the 

northern and southern populations of S. o. citrinellus (identified by analyses of population 

genetic structure, described above). We then used this information to test which of many 

potential biological corridor configurations across the landscape would achieve the most 

connectivity among populations.  

 
Figure 1. Sampled S. o. citrinellus troops in the Central Pacific region of Costa Rica, showing the 

limit of 500m asl to their distribution and different classes of matrix habitat. 

 

  Least-cost paths were used to determine which of several matrix habitats prevent 

dispersal among forest patches. In this approach, genetic distances are correlated with different 
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measures of geographic distance. Geographic Information Systems (GIS) software then assigns 

costs to different matrix habitats and calculates the “least-cost” path between groups. Several 

least-cost paths are calculated for each matrix habitat with the cost of one habitat varying, and all 

other habitat types held at zero cost. All possible cost combinations are tested against each other 

for the least-cost path that has the strongest association with genetic distance. Hypothetically, 

this path best describes how S. o. citrinellus moves through its landscape, and the matrix habitat 

with the highest cost in this path represents the greatest barrier to S. o. citrinellus dispersal. We 

tested five different matrix habitat types: cattle pastures, oil palm plantations, residential areas, 

and rivers, with forests as a control (Figure 1). A complete description of methods and results are 

presented in Blair and Melnick (In prep). 

 

Major result 4: 

• Oil palm plantations represent a moderate barrier to dispersal in S. o. citrinellus, but 

cattle pastures, rivers, and residential areas do not. 

Management recommendation: 

• In order to augment dispersal to the isolated northern population of S. o. citrinellus, 

efforts must focus on developing natural forest corridors through or around oil palm 

plantations. 

 

Oil palm plantations represent a moderate barrier to dispersal, but cattle pastures, rivers, 

and residential areas do not affect landscape-scale dispersal patterns in S. o. citrinellus. Isolation-

by-resistance analysis further supported this result. Isolation-by-resistance analysis generates a 

resistance surface characterizing the cumulative effects of matrix habitats on dispersal, 

implemented in the software CIRCUITSCAPE 3.5 (McRae & Shah 2009). Instead of calculating 

a single least-cost path, CIRCUITSCAPE incorporates aspects of circuit theory (i.e. electronic 

resistance) to visualize resistance patterns across the landscape (McRae 2006; McRae & Beier 

2007; McRae et al. 2008). A complete description of methods and results are presented in Blair 

and Melnick (In prep). 

Our resistance surface (Figure 2a) shows that even with a moderate cost, oil palm 

plantations cause a rather large area of high resistance in the middle of the landscape due to the 

cumulative costs of traversing through the expansive plantation. The least resistance (or strongest 

current flow) in our resistance surface was near Manuel Antonio National Park, where there is 

not only the highest density of natural forest and monkey groups in the region, but also a break in 

the oil palm plantations due to complex topography. 

 

Major result 5: 

• Existing connectivity is strong around Manuel Antonio National Park and up into 

Naranjito, Londres, and Villanueva.  

Management recommendation: 

• Given that development in this area is increasing rapidly, managers should prioritize 

maintaining existing natural forest connections by engaging with the municipal 

government to ensure that any plans for development explicitly address natural forest 

connectivity through conservation easements. 

 

 One possible solution to augmenting dispersal through or around the oil palm plantations 

would be the construction of a biological corridor of diverse native fruiting trees through or 
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around the plantations. Successful implementation of such a corridor would involve negotiation 

with the palm oil company, Palma Tica, to develop a plan that results in minimal profit loss 

while still augmenting S. o. citrinellus dispersal. In order to test how different potential corridors 

may augment dispersal across the landscape, we generated a set of resistance surfaces with 

varying configurations of biological corridors (Figures 2b-d). Stepping stone configurations were 

also tested; these consisted of 5-20 patches of fruiting trees 1-5 ha in size, oriented close together 

but not in a continuous line. However, none of these configurations affected current flow 

(dispersal) among patches of habitat in our simulations. 

 

Major result 6: 

• A 100m wide corridor of diverse, native fruiting trees along the northern edge of the oil 

palm plantation would successfully augment dispersal with the smallest area of impact. 

Management recommendation: 

• Managers should engage with an economist in a cost-benefit analysis of the suggested 

corridor and present a corridor construction plan to Palma Tica. 

 

Corridors 1 and 2 result in increased current flow at the eastern side of the corridor 

(Figure 2b,c). Corridor 3, however, results in a moderate but consistent increase in current flow 

all along the length of the corridor (Figure 2d), because it directly connects several large groups 

of monkeys and is close to more forest patches than the other corridors, minimizing the inter-

patch distance that dispersing animals would have to traverse along the corridor. Because 

Corridor 3 represents the smallest total area and facilitates the most consistent amount of current 

flow, it is the most likely to be successful at augmenting dispersal and also the most 

economically feasible option for Palma Tica. 

 Although stepping stone configurations were not successful in our analysis, this could be 

due to assumptions made by circuit theory as implemented in CIRCUITSCAPE. If Palma Tica 

rejects the plan to build a corridor and insists on a smaller total area being affected, stepping 

stone configurations would be better tested using agent-based model simulations (Tracey 2006). 

 Although biological corridors have several potential drawbacks, including unintended 

travelers such as invasive species and disease (Crooks & Suarez 2006), the positive effects of 

corridors on increasing movement among patches and thereby increasing population size, 

survivorship and growth may outweigh any putative pitfalls (Beier & Noss 1998; Coffman et al. 

2001; Berggren et al. 2002; Tewksbury et al. 2002; Haddad et al. 2003). More studies on the 

effects of corridors on population viability are necessary (Haddad & Tewksbury 2006; Hilty et 

al. 2006), but a recent meta-analysis of corridor effectiveness shows that corridors increase 

movement between patches by approximately 50% as compared to patches not connected by 

corridors, and are especially successful and important for maintaining connectivity in 

invertebrate, non-avian vertebrate, and plant communities (Gilbert-Norton et al. 2010). 



 8 

 
Figure 2. Resistance surfaces generated in CIRCUITSCAPE for S. o. citrinellus in the Central 

Pacific region of Costa Rica. Forests, rivers, residential areas and cattle pastures were given very 

low resistance values (<10) and oil palm plantations given a moderate resistance of 20, although 

other parameterizations produced very similar results to those shown here. (a) Original, 

unchanged landscape (b) Corridor 1, a 200m wide corridor along major highway that runs 

through the middle of the oil palm plantation (589.3 ha total) (c) Corridor 2, a 100m wide 

corridor also along the highway (281.8 ha total) (d) Corridor 3, a 100m wide corridor along the 

northern edge of the oil palm plantation (265.3 ha total). (b-d) are zoomed in to the black box 

outlined in (a). 
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Summary of Recommendations 

1. The two S. oerstedii subspecies, S. o. citrinellus and S. o. oerstedii, should be housed 

separately in captive facilities and not allowed to hybridize. 

a. Managers should take care not to re-introduce individuals from one subspecies 

into the range of the other. 

2. Transfers, reintroductions, or translocations of either males or females are equally likely 

to be successful. However, it is safest to first test these methods for success in males 

before broadly applying this recommendation. 

3. Conservation of the northern population of S. o. citrinellus should be considered a 

priority and dispersal to this population from the southern population should be 

augmented and monitored closely. 

a. In order to augment dispersal to the isolated northern population of S. o. 

citrinellus, efforts must focus on improving dispersal through or around oil palm 

plantations. 

b. Managers should engage with an economist in a cost-benefit analysis of the 

suggested corridor (Corridor 3, Figure 2d) and present a corridor construction 

plan to Palma Tica. 

4. Given that development in this area is increasing rapidly, managers should prioritize 

maintaining the existing strong connections between Manuel Antonio National Park and 

Naranjito, Villanueva and Londres by engaging with the municipal government to ensure 

that any plans for development explicitly address natural forest connectivity through 

conservation easements. 
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