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General Introduction 
 
 
The earth is considered to be in the Anthropocene era, which has been defined as the period since 

humans have had a significant global impact on the planet ecosystems (Steffen et al. 2011) and 

this chronological time is associated with high rates of extinctions and biodiversity loss (Pimm et 

al. 2006). In tropical forests, hunting (Bennett and Robinson 2000) and habitat loss (Brooks et al. 

2002) are the main factors negatively affecting the biodiversity. The extinction of large mammals 

and birds has been mainly attributed to bush meat hunting, which has occurred in the past and in 

modern times (Carlos A. Peres 2000; Suárez et al. 2009). However, hunting and the extraction of 

wildlife animals are not always caused by nutritional human demands, but also by biomedical 

research (Konstant and Mittermeier 1982; Maldonado et al. 2009; Mancera-Rodriguez and Reyes- 

Garcia 2008), goods (such as fur and horn), and the pet trade (Vincent Nijman 2009; Wilson-Wilde 

2010). In Colombia, some of the most common animals subject of these illegal activities are 

primates, frogs and birds (Maldonado et al. 2009; Sollund 2017; Sollund 2019). Although the 

numbers are underestimated, still alarming, for instance, only in Bogotá near to 400 animals are 

confiscated and send to rescue centers every month (Goyes and Sollund 2016). 

 

 
Although vertebrate population responses to hunting are highly variable, most primates tend to 

show a decreased population density in sites with high hunting pressure (Peres and Palacios 2007). 

This reduction in population densities has multiple negative consequences at the ecosystem level, 

one of the most important being a reduction of specialized seed dispersal services, which will affect 

the population dynamics and diversity of several tropical forest tree species (Stevenson 2011). 

Worldwide, near to 60% of the primate species are threatened (Estrada et al., 2017; IUCN 2019). 



In the Neotropics, illegal wildlife trade is one of the main threats for this group (Gómez 2000; 

Hernández-Camacho and Cooper 1976; IUCN 2008; Shanee 2012). Since primates are particularly 

attractive as pets (Mancera-Rodriguez and Reyes-Garcia 2008; Sollund 2017), wildlife traffickers 

usually target them (Nijman 2009); consequently, they are also the most common animals in 

captive centers (Gómez 2000; Sollund 2017). Many of the captured primates are subsequently 

confiscated by authorities, and sent to centers of wildlife management or zoos (Nijman et al. 2011), 

where they usually spend the rest of their lives in captivity. However, the increasing number of 

captive individuals, the low number of centers and zoos, and problems such as lack of space and 

resources, make it difficult for these centers to provide adequate conditions for captive primates, 

or even to accept new individuals (Ange-Van Heugten et al. 2010; Millán et al. 2014). Therefore, 

Illegal trade has become a main issue for primate conservation in many tropical countries that needs 

to be addressed. 

 
 
Breeding, rehabilitation, and reintroduction (the release of individuals in to their historical range 

from which they have disappeared) for captive primates are potential conservation strategies 

(IUCN/SSC 2013). However, the reported success for relocations programs (including 

reinforcements and reintroductions) is highly variable ranging between 11% to 50% (Beck et al. 

1994; Wolf et al. 1996). Additionally, there is an important information gap about the results of 

these process, mainly due to the sub-record of performed programs, since unsuccessful projects are 

not usually published (Fischer and Lindenmayer 2000). Financial cost is other factor limiting long-

term monitoring activities (Sarrazin and Barbault 1996; Sutherland 1998; Ewen and Armstrong 

2007). Therefore, the lack of information on how species respond to different captive conditions 

has restrained the development of conservation plans involving captive individuals (but 



see: Price 1992; Ortíz-Lopez and Stevenson 2004), hindering the possibility of taking well 

informed decisions. 

 
 
Wildlife management centers should provide captive animals with enriched environments that 

replicate wild habitats. Such environments promote performance and maintenance of natural 

behaviors (Schapiro and Lambeth 2007; Snowdon 1994), which is considered beneficial for captive 

animal welfare (i.e. the psychological and physical well-being of animals) (Hosey 2005; Laule and 

Whittaker 2007; Seddon et al. 2007). Moreover, rehabilitation programs and naturalistic 

environments have been previously associated with reintroduction success (Fechter et al. 2019; 

Marsden et al. 2006; Pyke and Szabo 2018; Snowdon 1994), facilitating the adaptation to new 

environments. However, replicating wild habitats in management centers is highly complicated, 

mainly because the need for large areas and enriched environments implies high purchasing and 

maintenance costs, usually unavailable in developing countries. Therefore, captive individuals are 

usually exposed to incipient housing conditions and poor diets, factors that have been identify as 

stress sources associated to high cortisol levels (Ange-Van Heugten et al. 2009). Another stressor 

faced by individuals in captivity is human presence, which causes alterations in the social and 

physical environment (Morgan and Tromborg 2007). Permanent stressful stimulus resulting in high 

levels of glucocorticoids (e.g. cortisol), have been associated with health disorders such as growth 

inhibition, immune and reproductive system suppression, weight loss, among others (Lafferty and 

Kuris 1999; Lasley and Kirkpatrick 1991; Sapolsky et al. 2000; Sapolsky and Pulsinelli 1985; 

Schwarzenberger et al. 1996), reducing the fitness of the individuals (Creel 2001; Fischer and 

Romero 2019) as well as the adaptation ability. 



High density and poor hygiene measures are common in zoos and captive centers working out of 

budget, were the abundance and prevalence of parasites (Guerrero et al. 2012; Müller-Graf et al. 

1996), is one of main concerns affecting the welfare of the individuals. Primates in particular, are 

vulnerable to parasitic infections as they live in social groups facilitating the transmission (Stoner 

et al. 2005). Additionally, parasitic infections are one of the causes declining captive primate 

populations, since they are susceptible to get infected by other animal parasites (Johnson-Delaney 

2009) and could imply a potential risk for recipient populations in a reintroduction scenario 

(IUCN/SSC 2013). Therefore, in combination to behavioral evaluations, non-invasive assessments 

(including hormonal and parasitic) should be performed to monitor the welfare of the individuals 

(Dehnhard et al. 2008; Rodolfo Martínez-Mota et al. 2008), and to obtain relevant information 

regarding their response to social and environmental disturbances (Behie et al. 2010; Chapman et 

al. 2006; Martínez-Mota et al. 2007). On the other hand, enrichment methods should be based on 

adequate knowledge of the species’ natural habitat (i.e. functional attributes such as physical 

complexity and vegetation), and on how individuals interact with it (i.e. patterns of habitat use) 

(Hosey 2005; Little and Sommer 2002). Furthermore, the effectiveness of these techniques in 

promoting the display of natural behaviors should be evaluated through wild- captive comparisons 

(Guzmán-Caro and Stevenson 2014; Little and Sommer 2002; Redshaw and Mallinson 1991). 

 
 
Regarding relocation process, it could imply multiple repercussions for released animals (such as 

risk of predation, starvation, and dispersal), if habitat suitability is not assessed previous to the 

release (Guy and Curnoe 2013; IUCN 1998). The physiological stress resulting from all the 

stimulus associated the release process has been also identify as an important factor influencing 



the success in many programs (Dickens et al. 2010), due to the implication on the general welfare 

of the individuals. On the other hand, the receiving natural communities may be also affected by 

multiple factors (disease transmission, the extirpation of local populations from predation or 

competition, and genetic problems (Jiménez and Cadena 2004; Konstant and Mittermeier 1982; 

Oklander et al. 2020). However, to minimizes potential negative effects, to improve the results 

as well as the welfare of the animals involved, guidelines on reintroduction and other relocation 

processes have been offered (Beck et al. 2007; Cheyne et al. 2012; Guy 2013; IUCN 2013; Soorae 

2010; Stone and Guy 2017). Therefore, if rigorous monitoring is done, the chance of establishment 

for reintroduced populations may increase, as well as the positive effects at balancing ecological 

interactions (Ripple et al. 2015). Thus, relevant information on the species’ natural history, 

behavioral patterns in the wild and in captivity, as well as heath conditions of the individuals, and 

release habitat suitability are all desired. 

 
 
Woolly monkeys (Lagothrix) represent one of the most widely distributed genera in the Neotropics 

(Defler 2010; Fooden 1963; Stevenson and Link 2008). Additionally, they are among the largest 

primates of the Neotropics, becoming especially important for the dispersion of plants with larger 

seed sizes, which have a smaller pool of potential dispersers (Peres and van Roosmalen 2009; 

Peres and Palacios 2007). However, they face many threats, since wild populations are decreasing 

because of habitat destruction and hunting (Etter and van Wyngaarden 2000; Stevenson et al. 2010) 

leading the Andean populations to be considered as critically endangered, according to IUCN 

criteria (Stevenson and Link 2008). Their large body size not only makes them easy targets for 

hunters, but also a preferred food item for indigenous people (Peres and Palacios 2007). 

Additionally, females carrying infants are targeted since they represent a double profit, the meat 



can be consumed and the offspring can be kept or sold as a pets (Rodríguez-Mahecha et al. 2006). 

Such pressures have led them to be locally extinct in some areas (Stevenson and Aldana 2008; 

Stevenson and Link 2008). 

 
 
Unfortunately, woolly monkeys are also threatened when held in captivity, since ex situ populations 

typically sustain high mortality rates and low breeding success (Ange-Van Heugten et al. 2008; 

Debyser 1995). Moreover, theses monkeys in captivity may experience hypertension, heart disease, 

bacterial and protozoan infections, diabetes, obesity, behavioral disruptions, and psychological 

damages (Ange-Van Heugten et al. 2010; Ange-Van Heugten et al. 2008; Debyser 1995; Hosey 

2005). Some of these physiological disorders have been linked to lack of movement, while others 

are associated to high stress levels resulting from inadequate diets and low-quality housing 

conditions (Ange-Van Heugten et al. 2009). Conversely, studies on captive woolly monkeys 

(Guzmán-Caro and Stevenson 2014; Novoa et al. 2018) have showed positive influence of enriched 

habitats and diets to display natural behaviors. Benefits of providing naturalistic environments and 

performing rehabilitation programs to captive individuals, have been widely documented in many 

primate species (Buchanan-Smith et al. 2004; Guy et al. 2014; Hosey 2005; Redshaw and 

Mallinson 1991). Such strategies, in addition to improve the general wellbeing of captive 

individuals, might have a positive influence on the performance of translocated animals (Fechter 

et al. 2019; Marsden et al. 2006; Pyke and Szabo 2018; Reading et al. 2013; Snowdon 1994) 

increasing the chance of success. Therefore, since rehabilitation and relocation programs are an 

important alternative to improve the conditions of captive animals and could contribute to the 

balance of some ecological interactions (Ripple et al. 2015) providing ecosystem services such 



as seed dispersal (Stevenson 2011), addressing this conservation issue is a priority in the 

Neotropics. 

 
 
To identify tools that contribute to the conservation and restoration of the ecological functions 

performed by primates, especially by Colombian woolly monkeys; during the development of this 

study different approaches were used to identify variables favoring the success of primate’s 

relocations. Additionally, physiological and ecological implications of the rehabilitation and 

reintroduction of woolly monkeys were analyzed to generate recommendations that may enrich the 

existing protocols. Therefore, this dissertation consists of a general introduction, fourth semi- 

autonomous article-style chapters, two documents with supplementary material and the general 

conclusions. In the first chapter, I reviewed primate releases worldwide to identify the variables 

determining the success the programs. In the second chapter, I assess the factors that determine the 

abundance of woolly monkeys (Lagothrix spp.), and establish a potential criterion of habitat 

suitability based on the minimum values of fruit productivity necessary to maintain a population 

of reintroduced primates. The third chapter, is a hormonal approach of the stress response of the 

woolly monkeys during the reintroduction processes. In chapter fourth, I evaluated factors 

determining the initial success of the reintroduction process of woolly monkeys in Colombia. As 

complementary material I included a characterization of the communities of gastrointestinal 

parasites in captive and in wild woolly monkeys, as well as the results of parasitic change during 

the reintroduction process. Finally, in order to elucidate ecological effects associated to a potential 

establishment of the released population, a complementary document was included with the initial 

seed dispersal patterns by the reintroduced woolly monkeys. 
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Chapter I. 

Determining success in primate reintroduction and other relocations: the urgency of long-

term monitoring and publishing results 

 

Abstract 

Reinforcement and reintroduction processes are conservation strategies that involve high costs and 

uncertain results. In this study, we reviewed the literature on primate release programs to evaluate 

their success. We analyzed survival and population growth as proxies of program success and how 

these variables are affected by the release methods (number of released individuals and origin) and 

other factors (e.g. diet and broad taxonomic groups). We reviewed a total of 73 projects, but only 

47 provided the minimum information to evaluate success (i.e. post-release monitoring for at least 

3 months, or complete demographic data). The number of released individuals was positively 

associated to birth rates, the acclimatization period at the release site showed a positive influence 

on population growth. None of the other variables were able to explain program success. We 

emphasize that the results of reintroduction programs should be published, since it is the only way 

to assess and improve the efficacy of these conservation strategies.  

 

Keywords 

Long-term survival, mortality rates, population establishment, released monkeys 

 

Resumen  

Los procesos de reforzamiento y reintroducción son estrategias de conservación que implican altos 

costos y resultados inciertos. Hicimos una revisión de literatura sobre programas de liberación de 



 

primates para evaluar su éxito. Analizamos la supervivencia y el crecimiento de la población como 

indicadores del éxito del programa y cómo estas variables se ven afectadas por los métodos de 

liberación (número de individuos liberados y origen) y otros factores como la dieta. Revisamos un 

total de 73 procesos, pero solo 47 proporcionaron la información mínima para evaluar el éxito (es 

decir, un monitoreo posterior a la liberación durante al menos 3 meses, datos demográficos 

suficientes). El número de individuos liberados se asoció positivamente con la tasa de nacimientos, 

y el periodo de aclimatación en el sitio de liberación mostró una influencia positiva sobre el 

crecimiento poblacional. Ninguna de las otras variables estuvo asociada de manera general al éxito 

de los programas. Hacemos hincapié en que los resultados de los programas de reintroducción y 

reforzamiento de poblaciones deben publicarse, ya que es la única forma de evaluar y mejorar la 

eficacia de estas estrategias de conservación. 

 

Introduction 

The order Primates has been cataloged as one of the most endangered animal groups, with a high 

percentage of threatened species (ca. 60%, Estrada et al., 2017; IUCN, 2019). Among the efforts 

to recover and maintain natural primate populations, relocation programs including reinforcement 

and reintroduction are widely known as important conservation tools (Britt et al. 2004; Caldecott 

and Kavanagh 1983; Kleiman and Mallinson 1998; Tricone 2018) Population restoration through 

reinforcement implies the release of individuals into an area already occupied by conspecifics, 

while reintroduction involve the release of individuals in to their historical range from which they 

have disappeared (IUCN, 2013). Both activities may use captive or wild source animals (IUCN 

1998), and are usually focused on species that have been affected by human activities such as 

habitat degradation, hunting or illegal trafficking (Goossens et al., 2005; Wimberger et al., 2010; 



 

Stone and Guy, 2017). Therefore, the term “release” is used in these paper to refer to the process 

by which animals are moved to a wild area, either through a reintroduction or a reinforcement 

process.  

 

The first documented attempts to reintroduce primates were carried out in the early 1970s and 

1980s (IUCN, 2013), and the number has been increasing through time (e.g. Milton and Hopkins, 

2006, Ahmad Zafir et al., 2011; Tricone, 2018). Although, these programs seem to be an 

opportunity for animal conservation, determining the success is challenging, since they usually 

involve high costs and the results are variable, ranging between 11% and 53% (Beck et al., 1994; 

Wolf et al., 1996). A successful relocation is expected to end up with the establishment of a viable 

population that eventually does not require any more support (Wolf et al., 1996; Seddon, 1999) . 

Considering that population establishment could be a long-term process, especially for long-live 

species; getting enough demographic data is complex ( Estrada, 2014; Gaillard et al., 1998; King 

et al., 2012). Hence, in many cases the best scenario is the estimation of success based on initial 

records of survival and reproduction (Beck et al. 2007; Goossens et al. 2005; Teixeira et al. 2007; 

Yeager 1997). On the other hand, information lack, may be one of the most frequent problems to 

estimate the efficacy of these programs. For instance, Fischer and Lindenmayer (2000), when 

reviewing 116 vertebrate reintroductions (including birds, mammals and reptiles), found that just 

26% of the process were considered successful, while 47% of the programs did not have sufficient 

data to judge. The authors also highlight that unsuccessful reintroductions are less likely to be 

published than successful ones, which may generate a publication bias for readers. 

 



 

Some guides and protocols for reintroductions and other relocations have been developed to 

promote good practices, the welfare of the animals, and to understand factors increasing the 

success of the programs (Beck et al., 2007; Soorae, 2010; Cheyne et al., 2012; Guy 2013; IUCN 

2013; Guy et al., 2014; Stone and Guy, 2017). Some considerations include animal health 

monitoring, physical and motor development, cognitive and social abilities; and whether the 

individuals possess basic skills to guarantee the survival (IUCN, 2013; Guy et al., 2014). For social 

species, the need for establishing groups with particular characteristics (e.g. minimum size, 

composition, and social structure), has been highlighted in order to maintain the cohesiveness of 

new groups, and increase the chance of survival and reproduction (Konstant and Mittermeier, 

1982; Seddon et al., 2007; Le Hellaye et al., 2010) .Furthermore, survival basic skills are need to 

be successfully introduced in to the wild, and it may include the ability to find food and react to 

threats (Griffin et al., 2000; Gil-da-Costa et al., 2003; Riedler et al., 2010). Thus, as previously 

reported for reintroduced carnivores (Jule et al., 2008), higher survival rates are expected for 

released animals with previous experience in wild habitats. 

 

Another variable that might determine the successful establishment of the new population is the 

type of release. A “soft release” includes a period of acclimatization, and/or provisioning of food 

and shelter just after the release (Fischer and Lindenmayer, 2000; Beck et al., 2007). It could 

reduce the chance of dispersion, increasing the cohesiveness of the group, and reducing the risk of 

malnourishment. In contrast, a hard release does not include any type of provisioning, but in some 

cases may result in successful programs (Tricone, 2018). In addition, specialized organisms may 

be in theory more susceptible to habitat degradation  (Primack, 2002), while generalist species 

may be favored in heterogeneous or disturbed environments (Futuyma and Moreno, 1988; Kassen, 



 

2002). Therefore, dietary plasticity could be considered beneficial for animals to be able to adjust 

to new conditions (Silver and Marsh, 2003; Gallagher et al., 2015).  

 

The aim of this study was to evaluate the success of primate relocations attempts and to quantify 

the influence of logistic and ecological variables that may affect outcomes. In a systematic 

worldwide literature review of primate relocations, we analyzed individual survival rates and 

population growth rates as proxies of success (Goossens et al., 2005; Estrada, 2014). We tested 

the following hypotheses: 1) A higher number of individuals involved in relocation programs 

increases the probability of success. 2) Programs including wild source animals will have better 

success 3) Higher success rates will be registered for primates with dietary flexibility.  

 

Methods 

The literature search was carried out on primate reintroductions and reinforcements that have been 

published since 1980 to 2019, including individuals from captivity or wild. The survey was 

performed in the Web of Science, Scopus and Google Scholar search engines. Additionally, we 

included some unpublished works available in internet or requested via email to the authors. The 

systematic search included titles and keywords in English and Spanish that contained *Primate*, 

*Relocat* *Reintroduc*, *Rehabilita*, *Reinforc*, *Transloca*, *Release*. Only studies that 

were developed for release of animals into wild environments were considered. We restricted the 

analyses to programs performing post-release monitoring for at least 3 months and containing the 

following information: (1) Number of released animals, (2) number of deaths, survivors, and 

births. For dietary classes we used Peres & Janson (1999) criteria, including Frugivorus, Folivorus, 

faunivorus and their combinations according to the items proportion.  



 

Data Analysis 

Given that survival tended to decrease from the time of release, and that the monitoring period 

varied between studies, in our analyses we use survival rate as the residual from the relationship 

between survival and monitoring time (Figure 1.). Population growth rate (r), was established as 

the difference between births and deaths, divided by the total number of released animals.  

 

Population Growth:  r = births - deaths 
                                                                             released population size 
 

 
Figure 1. Relationship between post-release monitoring time and the survival percentage of each 
event. 
 

Considering potential effects on the program results due to ecological differences between the 

taxonomic groups, we performed exploratory analysis on different scales: Big scale (Great apes, 

New-world and old-world primates) and small scale (between families of each group). Since not 

significant differences were found on large, neither small scale (App 1), we decide to performed 

the analysis to the entire data set.  

The relationship between each explanatory variable and the success proxies was analyzed using 

ANOVA, simple regressions and Kruskal-Wallis test depending on the nature of the data 



 

(Appendix 1). We used the statistical package RStudio (1.0.136). We also performed a logistic 

regression to explore for bias on publications due to survival or monitoring time in Latin America 

processes.   

 

General results  

We reviewed a total of 73 relocation programs (Figure 2.), 63 of them were found in journals and 

10 were shared by the authors. The studies were distributed in 23 reinforcements and 50 

reintroductions. About 66% (n = 48) of the programs contained the necessary information to 

evaluate the success of the process, while 34% did not have a minimum post-release monitoring 

of 3 months or did not provide enough information to estimate the success of the program. We 

also identified some studies with multiple releases, allowing us to analyze 57 events instead of 48, 

distributed in 36 reintroductions and 21 reinforcements. Regarding population source, 42 

relocations used captive animals, 14 were performed with wild source and only 1 used a mixed 

source population. Most of the analyzed events were registered in America (26/57). Wile, Africa 

and Asia reported 18 and 13 primate release events, each continent. 

 



 

 
Figure 2. World distribution of reviewed reintroduction and translocation programs. *Darker 
areas indicate a greater number of studies.  
 
 

  

 

 

 

 

 

 

 

 

Figure 3. Publication trend for translocation processes in Latin America. 
 

We found no evidence of publication bias associated to survival rates in Latin-American 

programs. However, the trend of a large publication gap still remains for this area.  
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Survival and population growth as success measurement 

Characteristics of the processes 

When analyzing the characteristics of the process, we found no direct association between the 

number of released individuals and program success (App 1). However, we found a direct 

relationship between the number of released individuals in the different programs and the reported 

offspring (R2= 0.32, p< 0.000) (Figure 3.). 

  

 

 

 

 

 

 

 

Figure 4. Relationship between number of individuals included in the different relocation events 
and the number of surviving offspring. 
 

Regarding the origin of the animals, there was a non-significant trend toward higher values in 

survival and population growth for programs performed with wild individuals (Figure 4. a-b: 

survival: F= 1.87, df = 1, p = 0.18; population growth: KW H= 2.56, df = 1, p = 0.10). On the other 

hand, acclimatization period was the only variable showing a significant correlation to population 

growth (R2 = 0.25, df = 25, p = 0.007) (Figure 5.), but, there was not evident effect on survival 

(R2 = 0.02, df = 29, p = 0.48).  

R2 = 0.32, p = 0.000 



 

 
 

 
Figure 5. Effect of the origin of the animals on a) Survival rates residual, b) Population growth. 
 
 

 

 

 

 

 

 

 

Figure 6. Relationship between the acclimatization period before release and population growth 
rates. 
 

Ecological characteristics 

We found no significant differences between the different diet guilds of the primates involved, 

(Survival: F = 0.69, df = 4, p = 0.60; and Growth: KW H = 2.29, df = 4, p = 0.68). Nevertheless, 

the guild formed by frugivores-faunivores (Frug-fau), showed a slight increase in survival and 

population growth rates (Figure 6. a-b).  

R2 = 0.25, p = 0.007 

 

b) a) 



 

 

Figure 7. Effect of type of diet on a) Survival rates residual, b) Population growth. In the case of 
mixed diets, the item listed at first is the most consumed. (Fau: Faunivorus, Foliv: Folivorus, Frug: 
Frugivorus).  

 
Discussion  

Our review showed that the majority the reported release events between 1981 and 2019, belonged 

to reintroduction processes. Nevertheless, the number of studies underestimates the true number 

of attempts, since a large number of these programs do not ever get published (Fischer and 

Lindenmayer, 2000; Ewen and Armstrong, 2007, Choperena-Palencia and Mancera-Rodríguez 

2018). As evidence of this bias most records we found were in the Neotropics (Figure 2.), where 

we know more researchers personally who could provide unpublished results (19% of total 

reports). However, in Latin-America, we found no association between publication probability and 

the success rate of the programs, leaving still unclear the reasons for this publication gap. 

Therefore, further analysis including more programs are need to elucidate it.  

 

Regarding relocations using wild animals, the bias towards lack of publication of results could be 

even larger since several governmental management plans include wildlife rescue programs, which 

b) a) 



 

do not involve long-term monitoring, and the  results are usually limited to technical reports (e.g. 

Teixeira et al., 2007).  

 

Long-term monitoring is usually not possible for several reasons (Sarrazin and Barbault, 1996; 

Sutherland, 1998; Ewen and Armstrong, 2007), including prohibitive financial costs. For instance, 

the Golden lion tamarin reintroduction program, was estimated at US$20,000 for each surviving 

monkey (Kleiman et al., 1991). The woolly monkey reintroduction program in Colombia (Ramirez 

& Stevenson in prep), spend US $50,000 on the rehabilitation and one-year post-released 

monitoring of 12 individuals. Additionally, primate life history traits may be also requiring 

differential efforts for monitoring plans. For instance, great apes, whose lifespan is extensive 

(Lawick-Goodall, 1968 Horn, 1980; Doran and McNeilage, 1998), require costly longer-term 

studies to understand physiological and ecological dynamics. Thus, it is expected that part of the 

program success depends also on the available budget (Sarrazin and Barbault 1996), determining 

the designee and scopes. Moreover, if considering the high percentage of programs without a 

minimum post-release monitoring, and potential sub-records due to lack of publication; a large 

information gap remains.  

Therefore, there is a clear need to encourage publication of results, since it is the way to get 

feedback, learn from past mistakes, and perhaps improve the efficacy of reintroduction and 

reinforcement programs as conservation strategies.  

When analyzing relocation programs worldwide, Africa was the continent where most of the 

projects (90%) included long-term monitoring in comparison with America and Asia (both ca. 

35%). The wide difference between continents could be in part attributed to the long history of 

primate research carried out in Africa (Terrazas, 2011), and conservation actions implemented by 



 

entities such as "GEF-Congo", that have worked with orphan chimpanzees for decades (Tutin et 

al., 2001).  

 

Survival and population growth 

The number of released individuals was not associated to our proxy success, however, it was  

positively associated with the number of offspring (Figure 3.). While, there is not an evident  effect 

on initial population growth, it could suggest that a large number reproductive individuals may 

increase the chance of successful reproduction events and make up for potential losses (Macarthur 

and Wilson 1963, Fischer and Lindenmayer 2000). Griffith and collaborators (1989), after 

reviewing mammal and bird translocations, have suggested that a minimum number of animals 

should be included to increase the probability of success. Reaching this goal is challenging due to 

founding and logistical limitations for finding suitable individuals and managing large groups. 

Nevertheless, wild born individuals resulting from relocations could be in advantage, since they 

may have the necessary skills to survive and reproduce (Jule et al. 2008; Valladares-Padua et al. 

2000; Wolf et al. 1996).Therefore, in the medium and long-term it may increase the chance of 

population recovery.  

Considering that released individuals are at high risk of death during their initial adaptation to the 

new environment (e.g. due to predation and problems finding food sources), selection of high-

quality habitat should be as important as the number of the released animals. Therefore, habitat 

suitability must be assessed previous to the released (Guy and Curnoe 2013; IUCN 1998), since a 

minimum nutritional intake must be guarantee to increase the chance of establishment and 

reproduction. In addition, environmental fluctuations (such as decline in food source quality, or 

patchy distribution) may affect the establishment of the released groups and could increase the 



 

dispersion risk (Griffith et al., 1989; Cowlishaw and Dunbar, 2000; Stone and Guy, 2017). When 

reviewing factors determining biomass of ateline primates, and the probability of occurrence of 

woolly monkeys, Ramírez and Stevenson (2020) found a positive correlation with fruit production, 

suggesting an annual minimum production requirement of 400 kg fruit per hectare for 

reintroduction sites.  

 

Regarding the source of the animals, there was a non-significant trend toward higher values in 

survival for programs performed with wild individuals. However, despite the lack of significance 

there was a slight positive tendency on population growth for programs performed with wild 

individuals (Figure 4. a-b). It is possible that a larger available dataset analysis could support the 

idea that wild individuals have higher chance of survival than captive animals, as has been 

previously reported (Griffith et al., 1989; Wolf et al., 1996; Fischer and Lindenmayer, 2000). 

Captive animals might be in disadvantage after been released due either to the lack of survival 

skills, or to nutritional unbalances; since the provisioned food in captive centers (mostly cultivated) 

is usually richer in calories and proteins than wild food source (Milton 1999). Therefore, 

considering that nutritional variations seems to affect reproductive outputs, as it has been reported 

for Japanese macaque (Macaca fuscata) and Chimpamzees (Pantroglodites troglodites) (Itoigawa 

et al., 1992; Marsden et al., 2006), slower population growth rates could be expected for released 

populations coming from captivity.  

We found a positive association between the duration of the acclimatization period at the release 

site and the population growth (Figure 5.). However, in our review, there was not association 

between the time that the animals were in rehabilitation and the proxies of success. We notice that 

programs with the longest acclimatization periods usually had the shortest rehabilitation stages, 



 

which could be hindering the rehabilitation effect in this case. Nevertheless, both strategies are 

aimed to stimulate natural behaviors (Guy and Curnoe, 2013; IUCN, 2013; Kavanagh and 

Caldecott, 2013), and to facilitate the adaptation to the new environment  (Cheyne, 2009; Osterberg 

et al., 2015). Rehabilitation has been previously associated with reintroduction success (Marsden 

et al., 2006; Pyke and Szabo, 2018; Fechter et al., 2019); however, while this training stage has 

positive effects on the behavior of primates, the benefits might decrease if the process is too long 

(Ortiz and Stevenson, 2003). Additionally, if the environmental conditions at the rehabilitation 

center differs widely from the released area, it is possible that a better response would be obtained 

if the pair-bond and natural behaviors are stimulated at the released site thorough longer 

acclimatization periods (Leroux et al., 2019). Moreover, a recovery period is needed to decrease 

manipulation and transportation stress (Jenny et al., 2015), and it may also reduce the dispersion 

risk. We also highlight that rehabilitation aims and schedules might be designed based on each 

species and their socio-ecological traits (e.g. social structure, or physiological development) to 

increase the potential benefits.  

 

Several authors have proposed that generalist species are more likely to be successful, given the 

ability to exploit alternative resources during scarcity, and to adapt more rapidly to changing 

environments (Futuyma and Moreno, 1988; Rutherford et al., 1995; Reader and MacDonalsd, 

2012). However, our results, did not show significant differences between dietary guilds even 

when analyzing on small scale (within great apes, old-world and new-world primates). 

Nevertheless, primates eating leaves and fruit, or fruit and animals, showed higher population 

growth rates after released (Figure 6. a-b). Evidence of increases in reintroduction success 

associated to dietary flexibility has been provided for relocated mammals and bird Estrada (2014). 



 

Furthermore, one of the most successful reintroduction programs have been achieved with 

generalist consumers (e.g. golden lion tamarin, Kleiman et al., 1991). In the present review, 

“Frugivore-faunivore” guild was mainly represented by the families Cebidae and Cercopithecidae 

which are characterized by their general ecological plasticity (Brown and Zunino 1990; Chapman 

et al. 2005), inhabiting environments with different levels of disturbance and by using alternative 

food resources in scarcity periods. Potential advantages of the ecological flexibility for group 

establishment have been also registered for translocated howler monkeys (Alouatta pigra) (Silver 

and Marsh (2003), showing fast adaptation to the new environment through the consumption of 

novel food items. However, in the present reviewed, we were no able to identify any pattern due 

to the high variation on the response by relocated howler monkeys. The lack of significant 

relationship between diet guild and program success does not necessarily mean that diet flexibility 

is not relevant in release programs, but that other factors may affect success (for instance: captivity 

and the general health condition of the released animals). It is possible that advantages regarding 

diet flexibility are being vanished during captivity if the animals are not fed with a balanced diet, 

reducing body condition and the chance of establishment (Ramírez et al in prep). Therefore, 

controlling for the initial conditions of the released animals could be needed for further assessment 

of the significance of this relationship. Our results in general showed a wide variation in response 

for relocated populations, even when the programs were carried out with the same species, 

therefore, attributing the probability of success to a particular set of variables was not possible. 

Consequently, a part from following the guides recommendations, we dare to suggest include large 

group sizes in order to mitigate the negative effect of potential loses and increase the chance of 

population establishment and growth; as well as considering acclimatization periods in order to 

facilitate the adaptation process.  



 

 

Conclusions  

Our results highlight the importance of releasing large groups of individuals in primate relocations 

to mitigate the negative effect of potential losses and to increase the chance of population 

establishment and growth. Additionally, including an acclimatization stage at the release site may 

facilitate the adaptation of the animals and reduce the dispersion risk due to manipulation stress. 

The identification of other variables determining program success was not possible for primates 

worldwide due to wide variation in success, even for the same species in different sites. 

Nonetheless, the wild origin of the animals as well as their dietary flexibility showed positive 

tendencies to facilitate the adjustment of released animals to new environment. Despite multiple 

efforts to improve relocation programs, there is still an important knowledge gap limiting the 

evaluation of success due to the lack of published results. It is urgent that results from 

reinforcements and reintroductions should be published regardless of their degree of success, since 

this is the only way to identify failures and improve conservation strategies. We also emphasize 

the need for long-term monitoring, which requires the articulation of public and private 

organizations, to guarantee the establishment of self-sustaining populations.  
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Appendix 1. List of analyzed variables and their respective effect on Survival and Grow rates.  
Survival R2 H F-Value Df P-Value Test  
Large scale classification    0.15 1 0.86 ANOVA 
New-world primates  2.08  2 0.35 KW-Chi2 
Old-world primates  3.27  4 0.51 KW-Chi2 
Post-release monitoring (months) 0.02   55 0.14 Simple regression 
Acclimatization (days) 0.02   29 0.48 Simple regression 
Food Support 0.01   34 0.53 Simple regression 
# of released individuals  0.00   55 0.96 Simple regression 
Diet   0.69 4 0.60 ANOVA 
Population origin   1.87 1 0.18 ANOVA 
Conservation strategy    0.01 1 0.94 ANOVA 
Type of release     0.84 1 0.36 ANOVA 
*No. offspring ~ # released 
individuals  0.32     50 0.00 Simple regression        
Population growth R2 H F-Value Df P-Value Test  
Large scale classification    0.05  2 0.98 KW-Chi2 
New-world primates   1.09  1 0.29 KW-Chi2 
Old-world primates   2.56  2 0.28 KW-Chi2 
Post-release monitoring (months) 0.00   46 0.92 Simple regression 
Acclimatization (months) 0.25   25 0.007 Simple regression 
Food support  0.00   30 0.7 Simple regression 
# of released individuals  0.00   46 0.74 Simple regression 
Diet  2.53  4 0.64 KW-Chi2 
Population origin   0.87  2 0.65 KW-Chi2 
Conservation strategy    0.28  1 0.59 KW-Chi2 
Type of release   0.42   1 0.51 KW-Chi2 

*Correlation analysis between number of released individuals and the number offspring  

 

 

 



 

Chapter II. 

Fruit production needed to maintain a population of woolly monkeys: Recommendations 

for reintroduction projects 

Abstract  

Woolly monkeys are threatened and reintroduction projects are an alternative for their 

conservation. However, there is little quantitative information suggesting the habitat traits needed 

to sustain populations. In this study, we first analyze the factors determining the abundance of 

woolly monkeys (Lagothrix spp.) and second, we suggest the minimum amount of fruit production 

able to maintain a population. Data was obtained from a literature review including 50 Neotropical 

sites, and we added new information from three more sites recently gathered in Colombian forests. 

We used simple and logistic regression models on two scales: large (i.e. all Neotropical sites), and 

medium (i.e. sites within their geographic range). On the large spatial scale, the abundance of 

woolly monkeys was positively related with annual rainfall, and plant species richness; and 

negatively associated with the number of dry months. On medium scales, we found that the most 

important variables explaining the abundance of woolly monkeys across scales was fruit 

production. The regression models suggest that at least 200-300 kg/ha,yr are necessary to support 

a population of woolly monkeys, and according to a logistic regression 400 kg/ha.yr are needed so 

surpass the 0.5 chance to have a population. In reintroduction projects, since it is difficult for new 

occupants to efficiently use the natural resources, we suggest that this amount of fruit should be 

aimed. As fruit production seems to be associated with high soil fertility (e.g. close to the Andean 

mountains), this region should be priority for conservation projects on this species. 



 

Keywords Ecological factors, Fruit abundance, Lagothrix lagothricha, Primate abundance, 

Reintroduction programs 

Resumen  

 
Los monos churucos se encuentran amenazados y los proyectos de reintroducción son una 

alternativa para su conservación. Sin embargo, hay poca información cuantitativa que sugiera los 

rasgos del hábitat necesarios para sustentar las poblaciones. En este estudio, primero analizamos 

los factores que determinan la abundancia de monos churucos (Lagothrix spp.), y segundo, 

sugerimos la cantidad mínima de producción de frutos necesaria para sostener una población. Los 

datos se obtuvieron de una revisión de la literatura que incluyó 50 sitios en bosques neotropicales, 

y agregamos información recopilada recientemente de tres sitios en bosques colombianos. Usamos 

modelos de regresión simple y logística en dos escalas: grande (es decir, todos los sitios 

neotropicales) y mediana (sitios dentro de su rango geográfico). A gran escala espacial, la 

abundancia de monos churucos se relacionó positivamente con las precipitaciones anuales y la 

riqueza de especies de plantas; y se asoció negativamente con el número de meses secos. En escalas 

medias, encontramos que las variables más importantes que explican la abundancia de monos 

churucos fue la producción de frutos. Los modelos de regresión sugieren que se necesitan al menos 

200-300 kg / ha.año para mantener una población de monos churucos, y de acuerdo con una 

regresión logística se necesitan 400 kg / ha.año para superar la probabilidad de 0.5 de tener una 

población. Dadas las dificultades que pueden presentar las nuevas poblaciones para utilizar de 

manera eficiente los recursos naturales, sugerimos que esta cantidad de fruta se considerada en los 

proyectos de reintroducción. Como la producción de frutas parece estar asociada con una alta 



 

fertilidad del suelo (por ejemplo, cerca de las montañas andinas), esta región debe ser prioritaria 

para los proyectos de conservación de esta especie. 

 

Introduction 

Reintroduction programs are a conservation option for endangered animals, such as primates 

(IUCN 2013). For primates, several factors affecting the success of translocation and 

reintroduction programs have been identified, including the lack of natural behaviors, group 

cohesion and habitat suitability, as well as the amelioration of the threats that initially caused the 

local extinction (IUCN 2013). As reintroduction refers to the release of animals into the former 

distribution range, habitat suitability should not be a concern in terms of climatic factors, unless 

there are sub-populations co-adapted to specific ecosystems. Neotropical primates rely on fruit 

sources (Fleagle 2013) and the abundance in their populations is highly predicted by fruit 

abundance (Stevenson 2001, 2016); therefore, carrying capacity is highly dependent on this factor. 

Several analyses have demonstrated strong negative effects of hunting on woolly monkeys, where 

high hunting pressure is associated with local extinction or reduced population density (Peres 

1997a, 1999; Peres and Palacios 2007). In fact, the most recognized proxy of local extinction is 

rarity, which is usually associated with low population density (Rabinowitz 1981; Mace et al. 

2008). In addition, woolly monkeys are severely threatened from habitat destruction, and illegal 

trade (Stevenson and Link 2008; Defler 2010). Within natural communities, where hunting is not 

strong, the main factors that affect their populations are fruit production and the abundance of key 

resources (Stevenson 2014). However, many other factors are known to affect the size of primate 

populations, including climatic conditions, other resources such as leaves and arthropods, and 

interspecific interactions.  



 

Variables such as the amount of available energy in the habitat and plant productivity may 

influence the structure of communities (Brown 1981; Currie 1991). Given that plants capture a 

fraction of the solar energy, and this energy decreases as it is transformed and used by consumers 

at higher trophic levels, the abundance of primary consumers will depend on primary productivity 

and plant resource allocation (Brown 1981). Then, if more energy is available for production this 

may result in either larger primate populations or more species in the habitat (Stevenson 2001). In 

addition, some studies have demonstrated that the primate ensembles are greatly affected by 

biogeographic history (Fleagle et al. 1999). For instance, woolly monkeys are restricted to 

Amazonian and some Andean forests, but are absent from the Guyanas, Mesoamerica and 

subtropical forests (Fooden 1963). There is no clear explanation for the absence of woolly 

monkeys in these biogeograpchic areas, but it is possible that they have not had the time to colonize 

and that competition with already established species (e.g. spider monkeys) may have limited the 

colonization. Competition for resources among primate species has been invoked to explain the 

parapatric distributions of related primate species (Waser 1987). Increased food production is 

likely to rise the abundance of primary consumers such as woolly monkeys, which usually spend 

most of their feeding time ingesting fruits (usually more than 60%), and complement with young 

leaves, arthropods, flowers and seeds (Defler 2010; Zarate and Stevenson 2014). Total fruit 

production may not be the only factor determining the abundance of primates. For example, in 

Africa, Asia and Madagascar, where many primate species rely extensively on foliage, the quality 

of leaves (e.g. protein to fiber ratio) seems to be a very good predictor of primate abundance (Oates 

et al. 1990; Ganzhorn 1992). In addition, large ateline monkeys increase the consumption of leaves 

in periods of fruit scarcity (Stevenson et al. 1994, 2000a), and the quality of leaves might also 

affect the populations of these large monkeys. However, our research focuses on the production of 



 

fleshy fruits, since the abundance and diversity of Neotropical primate communities, has been 

successfully explained by fruit production and its variation (Stevenson 2001; Hanya et al. 2011). 

Although, other items such as arthropods, flowers and young leaves are also important dietary 

items, fruits are the predominant feeding type in this radiation (Fleagle 2013), and there is not 

enough quantitative information of the quality of these minor dietary items at community scales 

(i.e. including the most abundant species in sites where primate density has been estimated).  

Overall, we expect that the biomass of woolly monkeys would be best correlated with fleshy fruit 

productivity and the abundance of their preferred fruit species. In some cases, it has been 

demonstrated that key plant resources may be also important, such as plants of the Moraceae, 

Arecaceae and Fabaceae families (Milton 1980; Terborgh 1983; Stevenson 2014). The two main 

aims of this study were: 1) to determine the factors affecting the abundance of woolly monkeys 

(including fruit production, key resources, competition, climate, and a preliminary association with 

leaf quality). 2). To estimate how much fruit should be produced to sustain a viable population. A 

better knowledge of the effect of these factors in the abundance of this endangered primate will 

shed light on its conservation, and the ecological conditions needed to carry out reintroduction and 

translocation projects. 

Methods 

We collected information on population density of woolly and other monkeys from the literature. 

Additionally, the data on Neotropical forest fruit productivity and floristic composition was 

extracted from previous reviews (i.e. Stevenson 2001, 2010, 2014, 2016). In addition, we included 

new information using line transects to estimate primate abundance and quantification of fruit 

production (from fruit traps or phenological transects), mainly from Colombian sites (e.g. 

Tomogrande Reserve, Cueva de Los Guacharos National Park, and Medina). We included sites 



 

where the population density of woolly monkeys is known, as well as the density of spider 

monkeys and other diurnal primates (allowing preliminary analyses of competition with other 

monkeys). When information was available for several sites in close proximity and in similar 

ecological conditions, we choose one site to avoid spatial pseudo-replication (unless different 

forest types were involved and monkeys were unable to cross boundaries). We only include sites 

without or low hunting pressure based on the categorizations made by Peres (2001), leading to an 

analysis with 50 sites. We include information from primate density and fruit productivity that 

were gathered close in time (<10 years) or from sites that have not suffered drastic anthropogenic 

pressure. We estimated the metabolic biomass of woolly and other monkeys in each site, as the 

product between population density and the body weight to the 0.75 power (Peres 1993). For body 

weight, we used the average value between adult males and adult females (from different sources 

cited in Stevenson 2001). We assumed that half of the population corresponds to immature 

animals, whose weight is half that of adults (Freese et al. 1982).  

 

We gathered information on fruit production estimates, based on fruit traps and transects, from the 

literature and our new data (Appendix 1). When fruit production estimates did not differentiate 

between fleshy endozoochorous fruits and other type of fruits, we used a correction factor (the 

proportion of endozoochorous trees in vegetation plots). In all cases, phenological studies covered 

at least a full continuous year. The number of fruit scarcity months was estimated as the number 

of months with less than 15 kg/ha, and the number of dry months as those showing less than 100 

mm of rainfall. We also included some climatic factors, such as mean annual precipitation, 

temperature and the number of dry months, which may affect plant productivity (Kay et al. 1997). 



 

To look for the influence of vegetation composition on the biomass of woolly monkey population, 

we estimated the abundance of particular taxonomic and ecological groups. For these estimates, 

we used information from plots totaling at least one hectare for each site (Stevenson 2001). These 

studies included all woody plants with diameter at breast height (DBH), equal or greater than 10 

cm. First, we estimated the basal area of all trees belonging to species that produce fleshy fruits 

with seeds dispersed by endozoochory (van der Pijl 1969), in terms of m2/ha. This information 

was assigned based on personal knowledge, published data (Croat 1978; van Roosmalen 1985; 

Gentry 1993; Stevenson et al. 2000b; Pennington et al. 2004) and from museum specimens at 

several herbaria in Colombia, North America and Europe. We also estimated the basal area of fig 

trees and palms, which have been proposed to be important for all frugivorous primates during 

periods of fruit scarcity (Terborgh 1986). We also included the basal area of all trees in the genus 

Inga spp. (Fabaceae) and the families Moraceae and Sapotaceae, which are heavily used by woolly 

monkeys (Peres 1994; Stevenson et al. 1994, 2000a; Gonzalez and Stevenson 2010; Zarate and 

Stevenson 2014). In addition, total basal area and plant species richness (average number of 

species per hectare) were also estimated and included in the analyses. 

 

We performed simple regression analyses to assess the effect of the abiotic and biotic independent 

variables (first column in Table I) on woolly monkey biomass. A logistic regression was used to 

evaluate if the occurrence of woolly monkeys was associated to the production of endozoochoric 

fruits, and to infer the minimum level to sustain a population of woolly monkeys. Both analyses 

were done using R version 1.0.136. The analyses were done using two geographic scales, the large 

one (including all Neotropical sites) and a medium scale (sites in regions were woolly monkeys 

currently occur). 



 

Results 

The main predictors of woolly monkey abundance on the Neotropical scale were plant richness 

(spp/ha), endozoochoric trees (the number of trees producing fleshy fruits per ha), and the basal 

area of Inga species (R2 between 0.30 to 0.41, Table I), which were positively associated with 

Lagothrix biomass. In addition, the number of dry months was negatively associated with the 

biomass of woolly monkeys (R2 = 0.27, Table I). Furthermore, we found that the abundance of 

woolly monkeys was positively associated with annual rainfall and fruit production, but the 

coefficients of determination were not high (R2 = 0.19 and 0.22 respectively, Table I). We found 

no correlation between the abundance of woolly and other primates on this scale, and the effects 

of temperature, altitude, variation in fruit production, and the basal area of other type of plants 

(except Inga) were not evident on this large spatial scale (Table I).  

On the other hand, the main predictors on the geographic range scale were fruit production and the 

basal area of key resources such as Figs and Inga (Table I). The basal area of plants belonging to 

the family Moraceae was also positively associated, but the statistical analysis showed a 

probability just close to the level of significance (p = 0.06). We found a negative significant 

relationship between woolly monkey biomass and the biomass of other primates in the community. 

It is worth to note that none of the climatic variables and the factors highly associated with 

latitudinal patterns seem important predictors on geographic scale. However, on this medium 

spatial scale we found an association between longitude and woolly monkey biomass (F= 5.9, 

p=0.018).  Overall, fruit production and the basal area of preferred species were the most consistent 

predictors, in the sense that were positively associated on both scales.  



 

  Neotropical scale Range scale 

  R2 N p R2 N p 

Annual rainfall 0.19 48 0.002 0.12 19 0.14 

# dry months 0.27 48 0.0001 0.06 18 0.35 

Temperature 0.00 46 0.90 0.12 19 0.15 

Altitude 0.00 48 0.71 0.11 16 0.20 

Fruit Production  0.22 21 0.03 0.43 10 0.04* 

# scarcity months 0.22 16 0.06 0.01 7 0.87 

Plant richness (spp/ha) 0.30 34 0.008 0.11 14 0.25 

Biomass of other monkeys 0.03 47 0.22 0.18 23 0.04 

Endozoochoric trees/ha 0.33 24 0.003 0.11 9 0.38 

Endozoochoric basal area 0.05 32 0.23 0.11 9 0.39 

Palms basal area  0.03 27 0.35 0.05 8 0.60 

Moraceae basal area  0.04 27 0.33 0.47 8 0.06 

Sapotaceae basal area 0.03 27 0.41 0.00 8 0.97 

Figs basal area 0.01 31 0.69 0.78 8 0.004 

Inga basal area 0.41 27 0.0003 0.77 8 0.004 

                   *This analysis excluded Cocha Cashu that was treated as an outlier.  

Table I. Results of regression analyses in which each variable listed was fitted to explain the 
biomass of woolly monkey populations (natural log transformed). The analyses were made on two 
different spatial scales (Neotropics and within the geographic distribution of woolly monkeys). 
The table shows the coefficient of determination (R2), sample size (N) and the probability that the 
slope of the regression is different from cero (p). Bold numbers indicate significant slopes at p < 
0.05. # of dry months: Number of months with less than 100 mm of rainfall and scarcity months 
were defined as showing less than 15 kg of fruit per hectare. 

The density of woolly monkeys varied, even when considering only places without strong hunting 

effects. Four of the five highest density estimates (> 30 inidividuals/km2) were found in the western 

portion of their distribution, close to the Andean mountains (i.e. Tinigua National Park and El 

Trueno station in Colombia, Tiputini research station in Ecuador, and Areabela River in Peru) 

(Table II.). 



 

 

 

Site 

Annual 

rainfal 

(mm) 

No. 

Dry 

month   To 

Fruit 

product. 

(kg/ha.y) 

Inga 

basal 

area 

(m2/ha) 

Lagothrix 

lagothricha 

density 

(ind/km2)  

Tinigua PNN  2604 3 26.1 617     1.1 44.3 

El Trueno  2803 2 25.9 637     1.9 38.0 

Tiputini 3200 0 26.5       1.3 31.8 

Arabela River  3072 0     30.6 

Igarapé Acú 2500 4 25.0    30.2 

Altamira  3679 0 27.1    26.2 

Medina M. 3941 2 25.0 494  20.6 

Guácharos PNN 2284 1 18.8 327        1.4 20.5 

Urucu 3256 3 25.0         0.3 19.3 

Tefe Lake  3000 0 26.5    17.0 

Uauacu TF  2665 3 26.0 210   11.7 

Caparú 3950 0 25.1 317 0.4 6.6 

Cahuana Island  3000 1 27.0   5.5 

Vira Volta  3679 0 27.1   4.7 

Medina A. 3941 1 19.0 194  4.0 

Uauacu Igapo 2665 3 26.0    0.5 

Table II.  Study sites where estimates of primate population density are known and where 
woolly monkeys occur. The table also shows some of the climatic variables analyzed (No of dry 
months: Number of months with less than 100 mm of rainfall 1. To: Mean annual temperature in 
oC.), as well as the estimates of fruit production of endozoochoric plants and basal area of Inga 
species. 

According to a simple regression model, in which fruit production explains the variation in 

biomass of woolly monkeys, we found a regression line with intercept near 200 kg/ha.yr (Figure 

1.a). The model [Biomass = 0.14 (fruit production) - 26.8] explained 32% of the variation in woolly 

monkey biomass. Additionally, when we considered not just woolly monkeys, but other atelines 

(such as Ateles spp.), the predictive power of the relationship increased to 48% (Figure 1.b). In 



 

any case, the intercept was again close to 200 kg/ha.yr. On the other hand, the logistic regression 

model showed again a positive association between fruit production and the occurrence of woolly 

monkeys (Z = 2.12, p = 0.03). In this analysis, the chance of finding a population of monkeys 

strongly depends on fruit production, as the probability of occurrence is higher than that of absence 

with a fruit production at or higher than 400 kg/ha.yr (Figure 2). When the same analysis was run 

with data on ateline occurrence, we found the same trend and a relationship just approaching the 

significant level (Z = -1.65, p = 0.06). 

 
 
 

 

 

(a) 

(b) 



 

 
Figure 1. Relationship between fruit production and the biomass of both (a) woolly monkeys 
and (b) Atelines on Neotropical sites with low or without hunting pressure.  
 

Figure 2.  Logistic regression showing the probability of occurrence of woolly monkeys by the 
production of fleshy fruits. 

Discussion 

On a Neotropical scale, the analyses showed high correlations between the biomass of woolly 

monkeys and some variables that are known to show clear latitudinal gradients. These variables 

included annual rainfall, the number of dry months and plant species richness (Gentry 1988; 

Hijmans et al. 2005; Calle et al. 2010). In addition, the production of endozoochorous fruits and 

the basal area of Inga species were positively associated with the abundance of woolly monkeys. 

Among these variables the most likely causal drivers are the production of fleshy fruits and plant 

species richness that might increase the number of resources and decrease the chance of fruit 

scarcity periods (Stevenson 2001, 2005). However, the fact that a healthy population of woolly 

monkeys was described at ca. 2000 m (Vargas et al. 2014), where plant species richness is lower 

than in lowlands (Gentry 1988, 1995), suggests that fruit production is more influential than plant 
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diversity. This argument is supported by the fact that the association between woolly monkey 

abundance and fruit production was consistent on both scales.  

 

Therefore, the results suggest that fleshy fruit production is the main factor causing the abundance 

of woolly monkeys. Plant productivity increases almost linearly up to 3000 mm of rainfall and 

then stabilizes (Kay et al. 1997). Therefore, on a large scale including tropical and subtropical 

regions the correlation between mean rainfall and woolly monkey abundance may just reflect that 

production is higher in tropical than subtropical forests. Additionally, the number of dry months 

should be associated with fruit production in a mono-modal way (Stevenson 2014), because very 

long dry periods decrease general production and too much rain decreases production by the effects 

of leaching soil nutrients (Clinebell et al. 1995) and increased cloud cover (Wright et al. 1999). 

Some of the potential reasons why woolly monkeys are not present in Central-America, are 

because resource availability decreases in places with less than 2000 mm of rainfall (which is 

common in subtropical regions) and because other primates are already using the limited resources. 

Interestingly, the abundance of woolly and spider monkeys, which are potential competitors, was 

not correlated. We think that there is significant effect of competition, which are masked by the 

fact that both species required habitats with high fruit production. In fact, on the geographic range 

scale, there was a negative association between the biomass of woolly monkeys and of other 

primate species, suggesting a relevant role of competition.  

 

Previous studies have determined the relevance of fruit production at explaining the abundance of 

frugivorous primates in Neotropical forests (Kay et al. 1997; Stevenson 2001, 2016; Hanya et al. 

2011). Therefore, it is not surprising to find similar associations for woolly monkeys. In fact, 



 

Hanya et al. (2011) found that both fruit production and their seasonality were strong predictors 

of primate communities in different continents. However, Stevenson, (2016) did not find a 

relationship between Neotropical monkey abundance and the coefficient of variation in fruit 

production. It is possible that monkeys are more susceptible to the length of the scarcity period 

than to strong variations in fruit production (in theory a site may show large temporal variations 

and still produce enough fruit even in the periods of lowest production). In any case, on a large 

scale the number of months with less than 15 kg/ha showed a tendency to be negatively associated 

to the biomass of woolly monkeys (Table I). 

 

The basal area of some important resources for primates was correlated with the density of woolly 

monkeys across scales, been Inga species the most consistent taxonomic group. This plant genus 

has experienced an adaptive radiation that produced dozens of sympatric species in western 

Amazonia (Richardson et al. 2001), where the most abundant woolly monkey populations occur. 

Therefore, it is likely that coevolutionary interactions between monkeys and plants may have 

played a role in the patterns of migration and speciation of this genus. The basal area of palms was 

not a strong predictor of the abundance of woolly monkeys and this result may be explained by 

the fact that they do not use these resources as much as other monkeys (e.g. Sapajus apella: 

Terborgh, 1983). More surprising was the lack of correlation of important resources for woolly 

monkeys, such as plants in the families Moraceae and Sapotaceae, which are relevant dietary items 

in several sites (Peres 1994; Stevenson et al. 2000a; Dew 2005; Zarate and Stevenson 2014). 

However, the fact that woolly monkeys are generalist consumers, ingesting fruit in proportion of 

its availability (Stevenson 2004), implies that their key resources may change from site to site (as 

it has been shown for spider monkeys, Russo et al. 2005). Therefore, it is expected that sites with 



 

a larger basal area or a large number of trees producing endozoochorous fruits would be correlated 

with the abundance of woolly monkeys. However, these variables were not associated on a 

geographic distribution scale. It is possible that in some areas the abundance of this kind of trees 

is not the only factor affecting fruit production, because overall this factor also depends on 

phenological patterns (i.e. if trees produce only in large intervals, the overall fruit production 

would be low in spite of a large basal area or a large number of trees). 

 

On the geographic range scale, longitude was associated with the biomass of their populations. It 

is quite likely that this trend is associated with the fact that soils near the Andean mountains have 

more nutrients than in Central and Eastern Amazonia. For example, Quesada and collaborators, 

(2010) showed that phosphorus concentration in the soil is higher in lowland places located near 

the Andean mountains (ca. < 300 km) than in other Amazonian sites. Therefore, soil nutrients may 

also affect fruit and overall productivity, generating a strong effect on the population density of 

woolly monkeys (Defler and Defler 1996). It is possible that the correlation between the basal area 

of fig trees and the biomass of woolly monkeys is just a spurious effect mediated by soil fertility 

and there are two reasons to suspect this idea. First, it is well known that large fig trees are more 

common on rich than in poor soils (Gentry 1990). Second, some of the largest trees (e.g. Ficus 

insipida, F. maxima, F. boliviensis), that are likely driving the association, produce large green 

syconia (e.g. Felton et al. 2009) and are often rejected by woolly monkeys (Stevenson et al. 2000a). 

In contrast, woolly monkeys preferred small syconia, produced mostly by hemiepiphitic trees with 

low basal area (e.g. F. guianensis, F. davidsoni, F. sphenophylla). The presumably strong 

association between soil nutrients and primate abundance should be considered when prioritizing 



 

areas for the conservation for woolly monkeys, since it is clear that sustainable populations can 

inhabit in regions close to the Andean mountains and varzea floodplains (Peres 1999). 

 
We found two potential ways for answering the question about how much fleshy fruit should have 

a site to support a population of woolly monkeys. First, the linear regression models suggest that 

populations of woolly or ateline monkeys can be found in sites with more than 200 kg/ha.yr. 

Although, this value was consistently found we do not recommend it as a threshold for 

reintroduction, because for released individuals (without knowledge on the spatial distribution of 

resources and phenological patterns) it is difficult to efficiently use the available resources. On the 

other hand, the logistic regression showed that 400 kg/ha.yr is the value at which the chance to 

find a population of woolly monkeys is higher than the chance of absence. Therefore, we suggest 

that this value (or higher) should be targeted for sites to release new groups of woolly monkeys. 

 

In conclusion, the data suggests that the production of fleshy fruits is the most likely factor 

determining the abundance of woolly monkeys and we suggest that minimum values of 

productivity for reintroduction programs could range between 200 and 400 kg/ha.yr. It is likely 

that many factors such as mean rainfall, the number of dry months and soil fertility are the main 

drivers affecting the rate of fruit production for these monkeys (Stevenson 2014). In addition, it is 

likely that the role of competitors should play an effect and that the quality of leaves could also 

affect atelidae populations (Flechas 2018). Since young leaves are the main feeding resource in 

periods of fruit scarcity (Stevenson et al. 1994), the quality of foliage may also affect their 

populations. However, more information will be needed to simultaneously test the partial influence 



 

of all factors and it is important to expand the number of natural study sites to control for the well-

known anthropogenic pressures (e.g. hunting). 

 Conclusion  

 
In this study, we found a positive relationship between fruit production and the abundance of 

woolly monkey. Therefore, estimates of forest fruit productivity needed to sustain a viable 

population, might bring clues about the conditions required to carry out successful reintroduction 

and translocation programs. According to our findings about 400 kg/ha.yr of fruit are needed to 

surpass the 0.5 chance to have a woolly monkey population. Considering the challenge for new 

occupants to efficiently use the natural resources, we suggest that this amount could be aimed in 

reintroduction projects.  
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Appendix. 1.  List of the sites to analyze the variation in woolly monkey biomass across 
Neotropical sites and suggest the minimum amount of fruit to sustain a viable population. 
 

Site 

Ref.  

Primates 

Ref. Fruit 

production 

Ref. Plant 

composition 

Altamira (Pará, Brazil) 1   

Arabela River (W. Amazonia, Peru) 2   

Baritú Park (Northern Argentina) 3  4 

Barreiro Rico (Sao Paulo, Brazil) 5,6 7  

Barro Colorado I. (Canal Zone, Panamá) 8 9,10,11 12 

Caparú (Vaupés, Colombia) 13 14 15,16 

Capivara NP (Brazil) 17   

Cocha Cashu (Madre de Dios, Perú)   18 19 

Demerara Region (Northern Guyana) 20 21  

El Rey (Salta, Argentina) 3 22 23 

El Trueno (W. Amazonia, Colombia) 24 25  

Guácharos PNN, (Huila, Colombia) 26 26, 27 27 

Guanacaste (Costa Rica) 28 29  

Guascara Island (Corrientes, Argentina) 3, 30   

Hato Masaguaral (Guarico, Venezuela) 31, 32 33  

Igarapé Acú (Central Amazonia, Brazil) 34   

La Selva Biological Station (Costa Rica) 28, 35  29 

Los Tuxtlas (Veracruz, Mexico) 36 37, 38 39 

Magdalena Valley (Colombia) 40 41  

Manaus TF (Amazonas, Brazil) 42 43 44 

Maraca Island (Roraima, Brazil) 45 46 47 

Noel Kempff M. NP (Sta Cruz, Bolivia) 48 49  

Norberto (Santander, Colombia) 50, 51  50 

Nouragues Reserve (C. French Guyana) 52 53, 54, 55  

Parque Iguazú (Misiones, Argentina) 56 57 58 

Quinchas Paujil (Boyacá, Colombia) 50, 51 50  



 

Raleighvalley (Central Surinam) 59 60, 61 62 

Riacho Pilaga (Formosa, Argentina) 63   

Samuel (Rondonia, Brazil) 64  65 

San Juan (Santander, Colombia) 51   

San Juan TF (Santander, Colombia) 51   

San Martin (Meta, Colombia) 66   

SautParare (Central French Guyana) 67 68 69 

Tapajos TF (Pará, Brazil) 70 71 72 

Tapajos Var (Pará, Brazil) 70   

Tayrona (Magdalena, Colombia) 73   

Tefe Lake (Amazonas, Brazil) 74  75 

Tikal NP (Peten, Guatemala) 76   

Tinigua PNN (Meta, Colombia) 77,78 78, 79 80 

Tiputini (W. Amazonia, Ecuador) 81  82 

Tomogrande (Vichada, Colombia) 83 84, 85 85 

TomograndeIgapo (Vichada, Colombia) 83   

UauacuIgapo (C. Amazonia, Brazil) 87  88 

Uauacu TF (C. Amazonia, Brazil) 87  88 

UauacuVarzea (C. Amazonia, Brazil) 86  87 

Urucu (C. Amazonia, Brazil) 88, 89   

Vira Volta (C. Amazonia, Brazil) 1   

Yotoco (Valle del Cauca, Colombia) 90  90 

Medina (Cundinamarca, Colombia) 91 91 91 

(1) Peres 1997; (2) Kolowski and Alonso 2012; (3) Brown and Zunino 199; (4) Grau et al. 1999; 
(5) Torres de Assupcao 1983; (6) Milton 1984; (7) Morellato 1992; (8) Glanz 1991; (9) Foster 
1982; (10) Wieder and Wright 1995; (11) Wright et al. 1999; (12) Hubbell et al. pers. comm., (13) 
Peres and Palacios 2007; (14) Vargas and Stevenson 2009; (15) Cano and Stevenson 2009; (16) 
Umaña et al. 2012; (17) Moura 2007; (18) Terborgh 1983; (19) Terborgh pers. comm., (20) 
Sussman and Phillipsconroy 1995; (21) Cooper 1982; (22) Brown pers. comm., (23) Brown et al. 
1985; (24) Zarate 2009; (25) Stevenson and Rodriguez 2008; (26) Vargas et al. 2014; (27) Prada 
and Stevenson 2016; (28) Fedigan et al. 1985; (29) Burnham 1997; (30) Rumiz et al. 1986; (31) 
Eisenberg 1978; (32) Robinson 1986; (33) Colonnello 1991;  (34) Peres 1988; (35) Chapman 1988; 
(36) Estrada and Coates-Estrada 1985; (37) Alvarez 1984; (38) Sanchez and Alvarez-Sanchez 



 

1995; (39) Bongers et al. 1988; (40) Green 1978; (41) Folster and de Salas 1976; (42) Rylands and 
Keuroghlian 1988; (43) Klinge 1968; (44) Prance et al. 1976; (45) Mendes-Pontes 1999; (46) 
Villela and Proctor 1999; (47) Milliken and Ratter 1989; (48) Wallace et al. 1998; (49) Wallace 
and Painter 2002; (50) Aldana et al. 2008; (51) Link et al. 2010; (52) Kessler 1998; (53) Zhang 
and Wang 1995; (54) Poncy et al. 2001; (55) Chave et al. 2010; (56) Di Bitetti and Janson, pers. 
comm; (57) Placci et al. 1994; (58) Placci and Giorgis 1993; (59) van Roosmalen 1985; (60) 
Mittermeier 1977; (61) Mittermeier and van Roosmalen 1981; (62) Schulz 1960; (63) Arditi and 
Placci, 1990; (64) Lemos de Sa 1995; (65) Paiva-Solomao and Lisboa 1988; (66) Carretero, pers. 
comm; (67) Guillotin et al. 1994; (68) Puig and Delobelle 1988; (69) Mori and Boom 1987; (70) 
Branch 1983; (71) Brando et al. 2008; (72) Ferreira and Prance 1998; (73) Scott et al. 1976; (74) 
Johns 1986; (75) Johns 1991; (76) Cohelo et al. 1976; (77) Stevenson 2002; (78) Stevenson 2018; 
(79) Stevenson et al. 2000; (80) Stevenson et al. 2004; (81) Derby 2008; (82) Pitman pers. comm., 
(83) Arguello 2012; (84) Correa and Stevenson 2010; (85) Gongora 2012; (86) Haugaasen and 
Peres 2005a; (87) Haugaasen and Peres 2005b; (88) Peres 1991; (89) Peres 1993; (90) Palma et al. 
2010, (91) Pinel and Stevenson 2018. 
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Chapter III. 

Stress in woolly monkeys during a reintroduction processes: A hormonal approach 

 

Abstract  

Stress response is considered as an adaptive reaction activated by changes in the physical and 

social environment. When an organism is subject to a stressful situation the release of 

glucocorticoids hormones (GC) is part of the physiological suite reactions, being one the most 

common estimators of stress response. However, while short-term stressful stimuli provide a 

mechanism to deal with different environmental conditions and potential threats, it might also 

decline the welfare of the individuals constantly exposed to stressors. Due to the non-invasive 

nature of fecal glucocorticoids assessments, this method seems a suitable tool to evaluate 

physiological stress response for wild and captive animals, reducing potential negative impacts 

associated to manipulation. Therefore, in order to identify the main stressor during a 

reintroductions process and to develop strategies that may contribute to the improvement of the 

well-being of captive individuals as well as of those undergoing relocation programs; in the present 

study we measured fecal glucocorticoid levels of two groups of woolly monkeys (genus Lagothrix) 

during a reintroduction process in Colombia. We also performed a biological validation of the 

enzymatic immune assay method to confirm the GC showing the most precise signal of 

physiological stress response. Our analysis, showed that measurements of cortisol levels are the 

most suitable way to asses physiological stress response in woolly monkeys. Additionally, as 

expected, individuals at the original captive enclosure showed higher cortisol levels, than those 

registered during the rehabilitation. Release stage seems to be an important stress source for 

reintroduced woolly monkeys; nonetheless, a stabilization point is expected after the adaptation to 



 

the novel environment. Lower levels of cortisol were recorded in individuals inhabiting enriched 

environments. Our results suggest that rehabilitation programs and enriched environments, favor 

the welfare of the captive woolly monkeys thorough the reduction of potential stressful stimulus 

resulting in lower glucocorticoid levels. In general, the transition from captivity to wild is an 

important stress source in woolly monkeys, and due to the low survival rates registered in 

translocation programs efforts to fight wild life trafficking should be one of the main targets for 

conservationists.  

 

Resumen 

La respuesta al estrés se considera una reacción adaptativa activada por cambios en el entorno 

físico y social. Cuando un organismo está sujeto a una situación estresante la liberación de 

hormonas glucocorticoides (GC) forma parte de la cadena de reacciones fisiológicas, siendo uno 

de los estimadores más comunes de la respuesta al estrés. Sin embargo, aunque los estímulos 

estresantes a corto plazo proporcionan un mecanismo para hacer frente a variaciones en las 

condiciones ambientales y amenazas potenciales, también pueden disminuir el bienestar de los 

individuos expuestos de manera permanente a factores estresantes. Dada la naturaleza no invasiva 

de los análisis de glucocorticoides presentes en las heces, este método parece una herramienta 

adecuada para evaluar la respuesta al estrés fisiológico en animales silvestres y cautivos; 

reduciendo impactos negativos potenciales asociados a la manipulación. Por lo tanto, con el fin de 

identificar los principales factores estresantes durante un proceso de reintroducción y desarrollar 

estrategias que puedan contribuir al bienestar de los individuos en cautiverio, así como de aquellos 

involucrados en programas de reubicación; en el presente estudio medimos los niveles de 

glucocorticoides fecales de dos grupos de monos churucos (género Lagothrix) durante un proceso 



 

de reintroducción en Colombia. También realizamos una validación biológica del método de 

inmunoensayo enzimático para identificar que tipo de GC estaría mostrando la señal más precisa 

de respuesta al estrés fisiológico en estos primates. Nuestro análisis mostró que las mediciones de 

los niveles de cortisol son la forma más adecuada de evaluar la respuesta al estrés fisiológico en 

los monos churucos. Adicionalmente, como se esperaba, los individuos en condiciones básicas de 

cautiverio (recinto original) mostraron niveles más altos de cortisol que los registrados durante la 

etapa de rehabilitación. La liberación parece ser una fuente importante de estrés para los monos 

churucos reintroducidos; sin embargo, se espera un punto de estabilización luego de la adaptación 

al nuevo entorno. Por otro lado, se registraron niveles más bajos de cortisol en individuos que 

habitaban ambientes más enriquecidos. Nuestros resultados sugieren que los programas de 

rehabilitación y los ambientes enriquecidos favorecen el bienestar de los monos churucos en 

cautiverio, mediante la reducción de estímulos potencialmente estresantes, resultando en niveles 

más bajos de cortisol. En general, la transición de cautiverio al medio silvestre es una fuente 

importante de estrés en los monos churucos, y ya que las tasas de supervivencia registradas en los 

programas de translocación son tan bajas, los esfuerzos para combatir el tráfico de vida silvestre 

deberían ser uno de los principales objetivos de los conservacionistas. 

 

Introduction  

Variations in physical and social environment conditions often generate differential responses in 

individuals, including physiological adjustments to face disturbances (Reeder and Kramer 2005; 

Wingfield 2005). Stress response is considered as an adaptive reaction, activated by a threat 

exposure during short- or long-term periods (Lasley and Kirkpatrick 1991; Schwarzenberger et al. 

1996). When an organism is subject to a stressful situation, the release of glucocorticoids (GC) 



 

hormones is part of the physiological suite reactions (MacDougall-Shackleton et al. 2019), being 

some of the most common estimators of stress response (Pauling et al. 2017; Ziegler and Wittwer 

2005). During the reaction, GC hormones (such as cortisol and corticosterone) are released from 

the adrenal cortex into the bloodstream, increasing the usual hormonal levels ( Sapolsky 2002); 

acting as chemical messengers that regulate bodily functions. GCs, also participate on metabolic 

regulation, enabling the adaptation of individuals (Romero 2002; Sapolsky 2002) by responding 

to environmental or reproductive changes. While short-term stressful stimuli provide a mechanism 

to deal with different environmental conditions (e.g. escaping from predators), it also implies a 

high energy consumption that might decline the welfare of the individuals if the response system 

is activated regularly (Avitsur et al. 2001; Bercovitch and Ziegler 2002; Sapolsky 1992; Ziegler et 

al. 1995).  

 

Permanent high levels of GCs, as cortisol, have been associated with health disorders such as 

growth inhibition, immune and reproductive system suppression, weight loss, neuronal cell death, 

and high parasitic loads (Lafferty and Kuris 1999; Lasley and Kirkpatrick 1991; Sapolsky et al. 

2000; Sapolsky and Pulsinelli 1985; Schwarzenberger et al. 1996). If considering the negative 

implications of permanent stress stimulus, understanding the functioning of the different response 

mechanisms may contribute to the reduction of the impact. Enzymatic immunoassays are an 

appropriate tool for measuring GC metabolites found in fluids, such as blood, urine, and feces 

(Sheriff et al. 2011; Young et al. 2004). Moreover, fecal glucocorticoids assessments seem to be 

an appealing alternative, as the registered values remain stable for longer than those found in 

plasma (Pauling et al. 2017). Additionally, fecal and urine GCs measurements, avoid the 

manipulation of the individuals (Schatz and Palme 2001; Ziegler and Wittwer 2005), a desired 



 

situation when working with threatened or vulnerable populations, in order to reduce disturbances 

on the natural dynamics. The first assessments of physiological response by measuring GCs levels 

(e.g. cortisol) in primates, focused on social stressors (Behie et al. 2010). Nevertheless, the 

spectrum has been broadened including the effect of ecological factors such as habitat 

fragmentation, predation risk, and variation in food resource (Chapman et al. 2006; Martínez-Mota 

et al. 2007; Rangel-Negrín et al. 2009). Since the body does not have a specific response 

mechanism for different stimulus, it is possible to measure a wide range of stress-inducing 

variables in a simple way  (Sapolsky 1992). Therefore, hormonal approaches aside from providing 

information on stress response (Carnegie et al. 2011; Chapman et al. 2006; Tecot 2013; Wingfield 

et al.1997), are a key tool for assessing and monitoring the welfare of natural populations and their 

response to environmental disturbances (Behie et al. 2010; Chapman et al. 2006; Martínez-Mota 

et al. 2007).  

 

Hormonal assessments, might be also extrapolated to animals drawn from their natural 

environment and held in wildlife centers, zoos, or subject of relocation programs (Dehnhard et al. 

2008; Martínez-mota et al. 2008), where the general welfare should be guaranteed. As claimed in 

several translocations guidelines (Guy et al. 2014; Soorae 2016), some of the main goals of fauna 

rehabilitation and relocation processes are contributing to the conservation and wellbeing of 

endangered species, increasing the likelihood of long-term maintenance (IUCN/SSC 2013; IUCN 

1998). However, despite these conservation efforts might represent an important conservation tool, 

the general success rate of released animals is reduced (Beck et al. 1994; Fischer and Lindenmayer 

2000; Wolf et al. 1996). Understanding the causes behind these failures is difficult, in part, because 

of the scarcity of long-term monitoring projects. Nonetheless, when analyzing factors affecting 



 

rehabilitation and relocation programs, stress seemed to play an important role in a large number 

of projects (Dickens et al. 2010), due to a series of stressful stimuli affecting the health and the 

stability of the individuals. For instance, in captivity, the animals usually face overcrowding (due 

to space limitations), artificial physical and social environments, and few stimulating elements 

(Guzmán-Caro and Stevenson 2014; Young 2007); generating behavioral alterations. Furthermore, 

procedures such as manipulation and recapture have been associated to increases in glucocorticoid 

curves, as previously reported for Weddell seals and domestic sparrows (Harcourt et al. 2010; 

Lynn and Porter 2008), who despite showing different behavioral response, the physiological 

evidence support the stressful effect of these kind of procedures.  

 

Quarantine or rehabilitation periods, are also stressful events that imply environmental and social 

changes, requiring a period of conditioning and familiarization of the novel elements (Teixeira et 

al. 2007). The integration into a new group involves recognition and social bond behaviors, that 

might result in tense situations; mainly on confined spaces where dispersion to reduce encounters 

is not possible (Isbell 1991). Evidence of stress response for changes in social environment has 

been also fund in cotton-top tamarins (Saguinus Oedipus), where females removed from the natal 

group and incorporated to a new structure, showed an increase in glucocorticoid levels (Ziegler et 

al. 1995). Release, the final stage on a relocation process, could be the most stressful event since 

the individuals are exposed to a novel environment (Peignot et al. 2008; Teixeira et al. 2007) and 

may be directly affected by changes on it. Increases in cortisol levels associated to unknown 

environments have been reported by Hennessy et al. (1995), in a study with squirrel monkeys and 

marmosets. The study also showed differential response between the species, indicating that 



 

assessments should be performed independently for individuals and events, in order to obtain 

precise estimations.  

 

Food availability, is one of the factors determining habitat suitability for released populations 

(Cheyne 2006; Sobral-Souza et al. 2017), since obtaining enough food to meet the nutritional 

requirements is an essential element in the maintenance of healthy populations (Ewen and 

Armstrong 2007). And represents a real challenge for inexperienced animals (Guy and Curnoe 

2013; IUCN 1998). Variation in food source availability have been associated to high levels of 

cortisol (Moorhouse et al. 2009). This physiological response have been also registered for a wild 

group of  woolly monkeys in Colombia (García et al. 2016), showing the highest levels of cortisol 

in periods with the lowest fruit consumption rates. High levels of GCs produced by food source 

limitations, may in turn reduce the ability of the individuals to efficiently assimilate nutrients 

(Sapolsky et al. 2000), reducing the chance of establishment of the released population.  

 

Therefore, stress measurements as an index of individuals wellbeing, may be a fundamental factor 

in the success of relocation programs (Mathews et al. 2006), since the establishment of individuals 

depends on its physical and mental condition (Parker et al. 2012, Ramirez et al. in prep). 

Additionally, it has been shown that reducing stress levels during the different stages of the 

processes, providing enriched habitats, as well as identifying stressors, might determine the 

success of these efforts (Dickens et al. 2010; Guy et al. 2012). Therefore, in order to identify the 

main stressor during a reintroductions process and to develop strategies that may contribute to the 

improvement of the well-being of captive individuals as well as of those undergoing relocation 

programs, in the present study we measured the cortisol levels of two groups of woolly monkeys 



 

(genus Lagothrix) during a reintroduction process in Colombia. We expect to register higher 

cortisol levels in the original enclosures, were the animals are exposed to a larger set of stressful 

stimulus ( Fischer and Romero 2019; Morgan and Tromborg 2007), compared to the rehabilitation. 

The lowest cortisol levels are expected to be reached after the adaptation period at the released 

site; however, it is known that some captive individuals may suffer in a novel environment 

(Dickens et al. 2010; Teixeira et al. 2007), hence the response might widely variable. Captive 

woolly monkeys in low-enriched environments would register higher levels of cortisol (Ange-Van 

Heugten et al. 2009) than those in enriched enclosures we natural behaviors are stimulated 

(Guzmán-Caro and Stevenson 2014).  

 
Methods  

In order to estimate physiological responses of two groups of woolly monkeys (n =12 individuals) 

(Table I), during the different stages (original captivity, rehabilitation and release) of a 

reintroduction process, we collected n = 444 fecal samples between march 2017 and august 2018, 

to measure the cortisol levels of each individual.  

 

Study sites 

Original captivity  

At the initial stage of the process woolly monkeys held in different rescue centers (Corporación 

Autónoma del Alto Magdalena (CAM); Corporación Autónoma del Valle del Cauca (CVC) and 

Corpocaldas) were evaluated to determine the potential to be included in the rehabilitation and 

reintroduction program. Data on behavior using Stevenson (2006) methodology was collected. The 

assessment of the physical and cognitive conditions the individuals was performed by the 

veterinarian staff of every captive center.  



 

Rehabilitation 

In order to perform a rehabilitation process, the selected individuals were move from the original 

locations to the rehabilitation enclosure, located at Centro de Atención y valoración (CAV) Teruel-

Huila. Before the union, all the animals had a socialization period with the rest of the individuals 

in independent enclosures. The rehabilitation process was based on the recreation of naturalistic 

conditions (large enclosure with environmental enrichment), to promote social bonding and 

stimulate the display of natural behaviors (Guzmán-Caro and Stevenson 2014; IUCN/SSC 2013).  

 

Release   

The first group was reintroduced at Corredor Biológico Guacharos Puracé, Huila (a predominant 

Andean and sub-Andean primary forest of 106 ha) at 1800 masl, mean temperature 17.5 °C. The 

second group was released at Natural Reserve Rey Zamuro Matarredonda, Meta; located at the 

piedmont of the Llanos Orientales. A humid tropical climate (ranging from 2200 mm to 5100 mm 

of rainfall in the areas close to the mountain range) with a mean temperature of 22.6 °C (Ministerio 

de Comercio, 2010). 

 

As recommended by IUCN (2013, 2018), all the animals were subject of rigorous clinical analysis 

before every movement, in order to reduce the disease transmission risk. Additionally, when 

selecting the reintroduction areas, we considered ecological and socio-political criteria, and 

verified that reintroduction sites were legally protected.  

Sample collection and cortisol extraction  

The hormonal samples were collected in a non-invasive way from the fecal samples of the 

individuals. These were obtained opportunistically (as frequent as possible) during the behavioral 



 

samplings carried out at every stage of the reintroduction process. For sample unit we used 0.5 g 

of feces, in 15 ml falcon tubes, with 5 ml of 90% ethanol (Rimbach et al. 2013a). In order to avoid 

variations (reduction) of the hormonal profiles that occur naturally throughout the day, the samples 

were mostly collected in the morning hours, due to a greater accumulation of corticosteroids 

(Rimbach et al. 2013a). Prior to the extraction, the tube containing the sample was weighted to 

determine fecal wet weight. Then, we manually agitated the fecal suspension for 5 min (Shutt et 

al. 2012) and thereafter, centrifuged the samples for 1 min using a manually-operated centrifuge 

(from Hettich GmbH & Co. KG Tuttlingen, Germany) to recover the supernatant containing 

dissolved steroids. We poured off 2 ml of each fecal extract into 2 ml polypropylene tubes and 

sealed them with parafilm. Every tube was labeled with animal ID, date and time of day, and stored 

at room temperature (~ 25 "C) in a dark place. Periodically we transported the extracts to the 

University of Los Andes, Bogotá, where we stored them at "20 "C until shipment to the 

endocrinology laboratory at the German Primate Center for steroid analysis. We used the same 

extraction procedure for samples from captive and released animals. 

 
Method validation 

 
Due to the multiple variations in glucocorticoids metabolism and excretion route reported between 

species (Bahr et al. 2000; Palme et al. 2005), and in order to guarantee results with biological 

meaning (Heistermann et al. 2006;  Schwarzenberger 2007), we performed a biological validation 

of the method “Enzyme immunoassay” (EIA) as followed: We used the well-documented stress 

response to capture and anesthesia (e.g. Hämäläinen et al. 2014; Martínez-Mota et al. 2008; 

Sapolsky 1982) to test the ability of four glucocorticoid EIAs, described by (Heistermann et al. 

2004, 2006), to detect the expected increase in FGCM (fecal glucocorticoid metabolites) levels 



 

following stressful events (n = 57 samples). We perform EIAs, designed to measure cortisol 

(CORT) (Munro & Stabenfeldt 1985), corticosterone (CCST) (Heistermann et al. 2004, 2006), 

11oxo-etiocholanolone (Möstl and Palme 2002) and 11b-hydroxyetiocholanolone (Ganswindt et 

al. 2003). All of these EIAs have been previously used to monitor adrenocortical activity via 

FGCM analysis in other species including non-primates (Braga Goncalves et al. 2016; Ganswindt 

et al. 2003; Heistermann et al. 2006; Palme 2019). All EIA used antibodies raised in rabbits or 

sheep and are competitive binding assays. Detailed information on the assays characteristics and 

procedure is given in Heistermann et al. (2006). Concentrations of metabolites were measured in 

(ng/g wet feces). Inter-assay coefficients of variation of high- and low-value quality controls were 

7.2% (high, n = 16) and 14.8% (low, n = 16).  

 

We also evaluated for possible association between variations on fruit production at the release 

site and changes in cortisol levels for the two individuals registering the longer periods at the 

release site (we only analyze data for those individuals, duet to the short permanence of the rest of 

the animals at the released site, which may hinder potential fruit availability effects). Monthly 

forest productivity was estimated according to Stevenson and Vargas (2008), using fruit traps 

arranged as follows: At Corredor Biológico Guacharos Puracé we used 120 traps of 0.56 m2 and 

at Natural Reserve Rey Zamuro, we used 100 traps of the same area. 

 
Housing condition (Enrichment Index) 

 
For assessing the effect of the housing conditions on cortisol levels, we used the Enrichment Index 

proposed by Guzman-Caro and Stevenson (2014), based on the volume of the enclosures and the 

area of the structures available for their use (including all potential supporting materials and 



 

enrichment elements). However, we did not include the number of individuals, as in the original 

formulation. The index assumes that a complex environment in terms of structure, may favor the 

expression of natural behaviors which is a welfare proxy. Therefore, we expect it to be reflected 

on cortisol levels.  

 

Statistical analysis 

Wilcoxon signed rank test was performed on the median baseline (pre-stress) and post-stress 

values (using the hormone values calculated per fecal dry weight), to test if the post-stressor 

concentrations were significantly higher than the pre-stressor baseline concentrations (n=12 

stressful events). 

To assess whether the stage of the process (original captivity, rehabilitation and release) influence 

FGCM levels (Model 1), we matched each fecal sample with the corresponding stage on the fecal 

sample had been collected. We used linear mixed models (LMM), because it accounts for repeated 

measures on the same individual over time. As control variables we used sex, age, and enrichment 

index at original captivity, as some of these variables have been shown to affect FGCM levels in 

Ateline primates (Ange-Van Heugten et al. 2009; Rimbach et al. 2013a). We used individual and 

stage as random factors. In exploratory runs of Model 1, we assessed for an effect of the interaction 

between stage and enrichment index but, it was not significant (p = 0.44); thus, we keep the model 

without interaction. As we had data for two groups of reintroduced woolly monkeys, we also 

explored a second model (Model2) analyzing the effect of the group, and its interaction with the 

stage since the group formation event (rehabilitation and release). Due to the significance in both 

cases and the closeness on Akaike criterion, we choose the model including the interaction (AIC: 



 

295) over the model without interaction (AIC: 301). We use the same control variables and random 

factors established for the first model (Model1).  

Prior to the analyses, the distributions of each variable were assessed for normality. To meet the 

normality assumptions of the linear mixed model Log transformations were applied to FGCM 

levels and the enrichment index variable. The selection of the models was based on the Akaike 

(AIC) criterion (Akaike 1978). P-values were obtained by likelihood ratio tests of the full model 

with the effect in question against the model without the effect in concern. We used lme4 package 

(Bates et al. 2012) in RStudio 1.0.136 (R Core Team, 2012).  

We performed the non-parametric Spearman rank correlation test to assess whether monthly 

variations on fruit production affects the cortisol levels of the released individuals. To test for 

differences on cortisol levels registered in individuals at different housing conditions (enrichment 

index) we performed a Kruskal Wallis test. The significance threshold for all statistical analysis 

was set at P = 0.05.  

Legal and ethical considerations  

All procedures were performed by Regional Governmental Institutions (e.g. Corporación 

Autónoma del Alto Magdalena, Cormacarena) in collaboration with Universidad de los Andes. 

The project also has all legal and ethical permits required, including: “Permiso de recolección de 

especímenes de especies silvestres de la diversidad biolológica con fines de investigación 

científica no comercial” and approval from the research ethic’s committee at Universidad de los 

Andes. All manipulation of individuals, radiotelemetry and health assessment, were done by 

qualified veterinarians and employees from Corporación Autónoma del Alto Magdalena.  

 

 



 

Results  

In total, we analyzed 57 samples corresponding to 12 baseline stages and 12 stressful events (n= 8 

individuals). The biological validation showed a significant difference between base line and post-

stress levels for all the measured FGCM (Table I). However, cortisol, showed the most significant 

increase between the events (W= 0, p= 0.0005, n=12, fig 1.). In terms of % of response associated 

to stressful events, cortisol registered the highest value (874.9 %), while 11oxo-etiocholanolone 

(p= 0.01, n=12), showed the lowest response 357.2%.  

 

Table I. Results the of Wilcoxon Rank Test and % of response for four FCGM comparing 
base line and prost-stressful event levels.  

FGCM W     P Mean % post-stress response  
Cortisol  0 0.0005*** 874.9 
Corticosterone 6  0.007** 311.8 
11oxo-etiocholanolone  8  0.01* 286.9 
11b-hydroxyetiocholanolone  14  0.05 . 357.2 

 
 

 
 
Figure1. Fecal glucocorticoid metabolite concentrations in response to a potentially stressful event 
(e.g. capture and anesthesia) in woolly monkeys.  

a) b) 

c) d) 



 

The full model (Model 1), estimating the influence of the stage on cortisol levels in woolly 

monkeys during the reintroduction program, differed significantly from the null model (X2=24.04, 

df= 3, P<0.0001, N= 382 fecal samples). Rehabilitation stage in particular, influenced the 

reduction on fecal cortisol levels (LMM: Estimate +/- SE: 2.081+/- 0.11, T = 18.29, PLRT= <0.001; 

Table II, fig. 2).  

 

TABLE II. Results of Model1 examining the influence of stage on Log transformed FGCM levels 
in woolly monkeys during the reintroduction program 
Variable Estimation +-SE T P ***LRT 
Intercept  2.081 0.11 18.29 <0.001 
Stage-rehablitation  -0.362 0.08 -4.556 <0.001 
Stage-released  -0.028 0.12 -0.225 0.8 
EE at captivity  -0.087 0.05 -1.623 0.09 
Age-juvenile 0.096 0.06 1.531 0.10 
Sex-male  -0.114 0.07 -1.56 0.11 

 

 

Figure 2. Log transformed cortisol levels in woolly monkeys at the different stages during the 
reintroduction program. 
 



 

In the second model (Model 2) we analyzed the influence of the stage (rehabilitation and release) 

and group, and their interactions were significant (X2=8.67, df= 1, P<0.003, N= 319 fecal samples, 

Table III). The other variables did not significantly influence cortisol levels in none of the models.  

 

TABLE III. Results of Model2 examining the influence of the interaction between stage and group 
on Log transformed FGCM levels in woolly monkeys during the rehabilitation and release. 
Variable Estimation +SE T P ***LRT 
Intercept  2.21 0.13 16.45 0.000 
Stage-release  -0.38 0.17 -2.14 0.031 
Group -0.29 0.06 -4.75 <0.000 
EE at captivity  -0.05 0.05 -1.01 0.312 
Age-juvenile 0.04 0.05 0.84 0.400 
Sex-male  -0.07 0.06 -1.02 0.305 
Stage-release:Group  0.45 0.1 4.31 <0.000 

 

When analyzing the influence of monthly fruit production at the release sites on cortisol levels of 

the reintroduced individuals (registering the longer periods at the forest), no significant correlation 

was found (Hodor: S = 56, rho = 0, p = 1, n= 8), (Micaela: S = 195.09, rho = -0.18, p = 0.614).  

We found significant differences on cortisol levels registered for individuals at different housing 

conditions (enriched index) (n= 286, K = 179.71, df = 137, p = 0.008**). A negative association 

was also evidence, since high enrichment index categories seems to influence a reduction on 

cortisol levels (Fig. 3).   



 

Figure 3. Log transformed cortisol levels registered for two groups of woolly monkeys at different 
enriched index (housing conditions). *housing condition increases from A to C category.  
 
 

Discussion 
 
Monitoring glucocorticoid excretion via fecal analysis has become an essential tool to evaluate 

stress response for captive and wild populations (Carnegie et al. 2011; Palme 2019; Taylor et al. 

2016). Thanks to its non-invasive nature a permanent monitoring is possible while reducing 

potential negative impacts (Dehnhard et al. 2008; Schwarzenberger et al. 1996). During the 

biological validation we found that all four glucocorticoids enzyme immunoassays “GC-EIAs” 

(cortisol, corticosterone, 11β-hydroxyetiocholanolone and 11oxo-etiocholanolone) were able to 

detect the adrenocortical activity in response to potential stressful events. Nevertheless, we found 

that the group-specific measurement of metabolites of cortisol (Cortisol-munro assay), generated 

more significant results, representing greater sensibility (Heistermann et al., 2006; Palme et al., 

2005) and higher biological meaning.  

 

Previous assessments of physiological stress response in woolly monkeys had also measured 

cortisol levels (Ange-Van Heugten et al. 2009; García et al. 2016), finding significant correlation 



 

between the variables. However, to our knowledge, no validation method had been performed 

before to guarantee of the most accurate estimator of the physiological stress response.  

Glucocorticoids metabolism and excretion usually register a wide variation, even in related groups 

(Bahr et al., 2000; Palme et al., 2005). For instance, Rimbach, et al. (2013a), when performing 

EIAs for Ateles and Aloatta (members of the same family of Lagothrix), found that unlike for 

woolly monkeys, 11b-hydroxyetiocholanolone EIA, showed the highest sensibility when 

measuring stress response in both genera. Our results then, support the relevance of preforming 

biological validations when assessing adrenocortical activity for each new species (Goymann 

2012; Whitten et al. 1998). We also confirm the used of cortisol EIAs, as a precise and non-

invasive method to monitor physiological stress response in woolly monkeys.  

 

The analyses of the influence of stage on FGCM levels during the reintroduction program, produce 

mixed results regarding our hypothesis. First, as expected, rehabilitation stage was associated to a 

general decrease on cortisol levels, compared to the registered values for the individuals at the 

original captivity (before the rehabilitation). In this regard, the high cortisol levels registered at 

original captivity, could be supporting the Ange-van Heugten et al. (2009) findings; who associated 

incipient housing conditions and poor diets to physiological alteration producing increases on 

cortisol levels in captive woolly monkeys. Additionally, human presence, limited food, atypical 

social groups and frequent agonistic interactions, have been also identify as stress sources at 

captivity (Morgan and Tromborg 2007), generating increases in GCs levels, and reducing the 

fitness of the individuals (Creel 2001; Fischer and Romero 2019). Therefore, if considering the 

decline on cortisol levels during the rehabilitation process as a response to reductions on stressful 

stimulus (e.g. crowded enclosures and artificial environments) (Guzmán-Caro & Stevenson 2014; 



 

Young 2007), rehabilitation stage then, would be effectively favoring the welfare of the 

individuals, as it has been suggested in many translocation guidelines and projects (Grundmann 

2006; Guy and Curnoe 2013; Millan et al. 2014; IUCN 1998; Murray 2017; Yeager 1997). 

Therefore, rehabilitation programs should be aimed for wild animals in captivity in order to 

maintain the well-being, regardless if the will be kept at captive centers, or released in to the wild.  

 

After release, cortisol levels seemed to increase in both reintroduced groups (Fig 2.). Initial 

increases in FGCM are expected due to a series of stressful stimulus (e.g. capture, anesthesia, 

transportation) usually involved in this kind of process (Harcourt et al. 2010; Lynn and Porter 

2008), added to the exposition to novel environments (Dickens et al. 2010; Teixeira et al. 2007). 

Moreover, this physiological response is a mechanism to favor the adaptation of the individuals to 

new environments (Reeder and Kramer 2005; Sapolsky 2002), providing the needed energy to 

explore and escape from potential threats. However, stabilization, or even decrease in FGCM are 

expected after the adaptation period (Sapolsky et al. 1983; Taylor et al. 2016), in absence of chronic 

stressors. In this regard, we hypothesize that a part from the exposition to novel environments, 

alterations on social structure (due to dispersal and deaths) could have been an important stressful 

factor influencing the permanent high cortisol levels in the reintroduced woolly monkeys. 

Evidence of physiological stress response associated to alterations on social dynamics, have been 

provide for many primate species. For instance, increases in fecal glucocorticoids excretions in 

captive douc langurs (Pygathrix nemaeus) (Heistermann et al. 2004) and cotton-top tamarins 

(Saguinus oedipus) (Ziegler et al. 1995), have been associated to changes in housing location and 

group composition. We recognize that the time span analyzed in the present study might also be 

insufficient to reach the stabilization of the individuals. Thus, further analysis will be performed 



 

on a wider time window to look for stabilization signs. We also highlight that due to the variable 

translocation results, stablishing hypothesis regarding the fate and the performance of the animals 

should be carefully done.  

 

In general, the two groups of reintroduced woolly monkeys showed a similar trend in terms of 

physiological stress response during the whole process (fig 4.). However, when looking for group 

effect (Model2), we found a significant interaction with release stage; as a result of the conspicuous 

increase in cortisol levels registered for group 2 after been released (fig 4.). It was an unexpected 

result since release habitat suitability was considered to be lower for group 1, due to environmental 

constrains (such as lower temperature and fruit production). Factors previously stablished as 

important stress sources (Chapman et al. 2006; Morgan and Tromborg 2007; Rangel-Negrín et al. 

2009). Thus, contrary to the present results, we expected higher cortisol levels for group 1. 

 

Figure 4. Log transformed cortisol levels registered in two groups of woolly monkeys during a 
reintroduction program. (numbers correspond to group.1 and group.2) 
 



 

Poor habitat quality may reduce the change of establishment for novel populations (Cheyne 2006; 

Sobral-Souza et al. 2017), and it has been associated to reintroductions failures due to starvation 

(Beck et al. 1991; Jule et al. 2008). Hence, physiological or behavioral responses are expected if 

food availability represents a potential stressor at the release site.  

 

When evaluating the influence of fruit production variability on the registered cortisol levels in 

reintroduced woolly monkeys, we found no significant correlation. Nevertheless, the evidence of 

this association seems to be widely variable. For instance, increases in glucocorticoids levels 

associated to scarcity periods, have been previously reported for woolly monkeys in Colombia 

(García et al. 2016), red colobus in Kibale (Chapman et al. 2015), and spider monkeys (Ateles 

geofrogy) in Mexico (Ordóñez-Gómez et al. 2016). While, group of spider monkeys (Ateles 

hidrydus) at Magdalena Medio Colombia, Rimbach et al. (2014) reported the highest GC levels 

during high productivity periods, due to increases on agonistic intragroup encounters. In our study, 

both reintroduced groups were provided with complementary food support, which probably 

hindered the effects of variations in food availability.  

 

On the other hand, two depredation events were registered for group 2 during the first months after 

being released. Additionally, reports of predators are quite common at the surrounding area. 

Increases in GC in the presence of potential predators have been previously reported for many 

groups such as fishes (Xu et al. 2019), amphibious (Narayan et al. 2013), birds (Canoine et al. 

2002) and mammals  (Novak et al. 2013; Zoladz et al. 2008). Therefore, is possible that predation 

risk is being one of the main stress source in the present reintroduction process and might be also 

generating the unexpected differences between the groups. We also highlight, that (Micaela) the 



 

individual with the highest levels of cortisol during release stage, is also the individual currently 

reporting the longest permanence at the release site (22 months), showing a general good 

condition. Thus, it is also possible that high cortisol levels might be facilitating the establishment 

of this individual. Nevertheless, further analyses are needed to understand possible associations.  

 

Concerning to our measurements of housing condition (Enrichment index) during the whole 

process, we found significant differences in the registered cortisol levels for individuals exposed 

to different housing attributes. The general pattern was a reduction on cortisol levels at larger 

enriched values, considered higher quality environments. Variations on GCs levels have been 

previously associated to changes on the perception of the animals about the environmental 

conditions (Ange-Van Heugten et al. 2009; Bonier et al. 2009). And its potential as indicator of 

habitat quality, have been demonstrated for many groups such as amphibious (Janin et al. 2012), 

fishes (Sopinka et al. 2017), birds (Messina et al. 2020) and primates (Rangel-Negrín et al. 2009; 

Rimbach et al. 2013b). Positive effects of enriched and naturalistic habitats, have been found in 

captive woolly monkeys (Guzmán-Caro and Stevenson 2014; Novoa et al. 2018), and in many 

other primate species (Buchanan-Smith et al. 2004; Hosey 2005; Redshaw and Mallinson 1991), 

promoting the display of natural dynamics. Our results then, support once again the relevance of 

high-quality housing condition in order to maintain the wellbeing of the captive animals (Guy et 

al. 2014; IUCN/SSC 2013; Snowdon 1994). Moreover, improving social and physical 

environments, as well as enhancing health condition of the individuals through rehabilitation 

process, could have a positive influence on the performance of translocated animals (Fechter et al. 

2019; Marsden et al. 2006; Pyke and Szabo 2018; Reading et al. 2013; Snowdon 1994), and might 

even increase the chance of success of the program.  



 

In concussion, our study provides relevant information to monitoring physiological stress response 

during a reintroduction programs by using FGCM, since is a suitable method to be used in captive 

and wild individuals. Additionally, our results suggest that rehabilitation programs and enriched 

environments, favor the welfare of the captive woolly monkeys thorough the reduction of potential 

stressful stimulus, resulting in lower glucocorticoid levels. On the other hand, the transition from 

captivity to wild is an important factor increasing the physiological stress response in woolly 

monkeys. Nonetheless, if the adaptation of the animals is reached after released, a stabilization 

point in cortisol levels is expected. Therefore, further analysis will be performed to monitor the 

adaptation process of the reintroduced woolly monkeys. Finally, as reported for many other captive 

animals, survival rates in translocated programs are very low; therefore, efforts to fight wild life 

trafficking should be one of the main targets for conservationists.  

  

Acknowledgments 

This study was possible thanks to the funding and logistic support that Colciencias, Conservation 

International/Margot Marsh Foundation and Corporación Autónoma del Alto Magdalena gave 

to our project on primate reintroduction. We thank to Reserva Natural Rey Zamuro, 

Cormacarena, Corpocaldas, CVC and Fundación Mashiramo for providing such valuable 

support. We also thank to German Primate Center for all the analyzes support, and to all those 

people that have participate in this process. This research was also possible thanks to the 

opportunities that Universidad de Los Andes provided us to undertake research. 

 

 

 



 

References 

Akaike, H. (1978). On the Likelihood of a Time Series Model. The Statistician, 27(3/4), 217. 

https://doi.org/10.2307/2988185 

Ange-Van Heugten, K. D., Van Heugten, E., Timmer, S., Bosch, G., Elias, A., Whisnant, S., et 

al. (2009). Fecal and salivary cortisol concentrations in woolly (Lagothrix ssp.) and spider 

monkeys (Ateles spp.). International Journal of Zoology, 2009, 9. 

https://doi.org/10.1155/2009/127852 

Avitsur, R., Stark, J. L., & Sheridan, J. F. (2001). Social stress induces glucocorticoid resistance 

in subordinate animals. Hormones and Behavior, 39(4), 247–257. 

https://doi.org/10.1006/hbeh.2001.1653 

Bahr, N. I., Palme, R., Möhle, U., Hodges, J. K., & Heistermann, M. (2000). Comparative 

aspects of the metabolism and excretion of cortisol in three individual nonhuman primates. 

General and Comparative Endocrinology. https://doi.org/10.1006/gcen.1999.7431 

Bates, D., & Maechler, M. (2010). lme4: linear mixed-effects models using S4 classes, 

http://cran.rproject.org/package=lme4, R package version 0.999375-37. 

Beck, B. B., Rapaport, L. G., Price Stanley, M. R., & Wilson, A. C. (1994). Reintroduction of 

captive-born animals. In P.J.S. Olney, C. M. Mace, & A. T. C. Feistner. (Eds.), Creative 

Conservation (pp. 265–286). Dordrecht: Springer Netherlands. https://doi.org/10.1007/978-

94-011-0721-1_13 

Beck, Benjamin B., Kleiman, D. G., Dietz, J. M., Castro, I., Carvalho, C., Martins, A., & 

Rettberg-Beck, B. (1991). Losses and Reproduction in Reintroduced Golden Lion 

Tamarins, Leontopithecus Rosalia. Dodo, (27), 50–61. 

Behie, A. M., Pavelka, M. S. M., & Chapman, C. A. (2010). Sources of variation in fecal cortisol 



 

levels in Howler monkeys in Belize. American Journal of Primatology, 72(7), 600–606. 

https://doi.org/10.1002/ajp.20813 

Bercovitch, F. B., & Ziegler, T. E. (2002). Current Topics in Primate Socioendocrinology. 

Annual Review of Anthropology, 31(1), 45–67. 

https://doi.org/10.1146/annurev.anthro.31.040202.105553 

Bonier, F., Martin, P. R., Moore, I. T., & Wingfield, J. C. (2009). Do baseline glucocorticoids 

predict fitness? Trends in Ecology and Evolution. https://doi.org/10.1016/j.tree.2009.04.013 

Braga Goncalves, I., Heistermann, M., Santema, P., Dantzer, B., Mausbach, J., Ganswindt, A., & 

Manser, M. B. (2016). Validation of a fecal glucocorticoid assay to assess adrenocortical 

activity in meerkats using physiological and biological stimuli. PLoS ONE, 11(4), 

e0153161. https://doi.org/10.1371/journal.pone.0153161 

Buchanan-Smith, H. M., Prescott, M. J., & Cross, N. J. (2004). What factors should determine 

cage sizes for primates in the laboratory? Animal Welfare, 13(SUPPL.). 

Canoine, V., Hayden, T. J., Rowe, K., & Goymann, W. (2002). The stress response of European 

stonechats depends on the type of stressor. Behaviour, 139(10), 1303–1311. 

https://doi.org/10.1163/156853902321104172 

Carnegie, S. D., Fedigan, L. M., & Ziegler, T. E. (2011). Social and environmental factors 

affecting fecal glucocorticoids in wild, female white-faced capuchins (cebus capucinus). 

American Journal of Primatology, 73(9), 861–869. https://doi.org/10.1002/ajp.20954 

Chapman, C. A., Schoof, V. A. M., Bonnell, T. R., Gogarten, J. F., & Calme, S. (2015). 

Competing pressures on populations: Long-term dynamics of food availability, food quality, 

disease, stress and animal abundance. Philosophical Transactions of the Royal Society B: 

Biological Sciences, 370(1669). https://doi.org/10.1098/rstb.2014.0112 



 

Chapman, C. A., Wasserman, M. D., Gillespie, T. R., Speirs, M. L., Lawes, M. J., Saj, T. L., & 

Ziegler, T. E. (2006). Do food availability, parasitism, and stress have synergistic effects on 

red colobus populations living in forest fragments? American Journal of Physical 

Anthropology, 131(4), 525–534. https://doi.org/10.1002/ajpa.20477 

Cheyne, S. M. (2006). Wildlife reintroduction: considerations of habitat quality at the release 

site. BMC ecology, 6(1–2), 5. https://doi.org/10.1186/1472-6785-6-5 

Creel, S. (2001). Social dominance and stress hormones. Trends in Ecology and Evolution, 

16(9), 491–497. https://doi.org/10.1016/S0169-5347(01)02227-3 

Dehnhard, M., Naidenko, S., Frank, A., Braun, B., Göritz, F., & Jewgenow, K. (2008). Non-

invasive Monitoring of Hormones: A Tool to Improve Reproduction in Captive Breeding of 

the Eurasian Lynx. Reproduction in Domestic Animals, 43(SUPPL.2), 74–82. 

https://doi.org/10.1111/j.1439-0531.2008.01145.x 

Dickens, M. J., Delehanty, D. J., & Michael Romero, L. (2010). Stress: An inevitable component 

of animal translocation. Biological Conservation, 143(6), 1329–1341. 

https://doi.org/10.1016/j.biocon.2010.02.032 

Ewen, J. G., & Armstrong, D. P. (2007). Strategic monitoring of reintroductions in ecological 

restoration programmes. Ecoscience, 14(4), 401–409. https://doi.org/10.2980/1195-

6860(2007)14[401:SMORIE]2.0.CO;2 

Fechter, D., Ciuti, S., Kelle, D., Pratje, P., Dormann, C. F., & Storch, I. (2019). Spatial behavior 

in rehabilitated orangutans in Sumatra: Where do they go? PLoS ONE, 14(5), 1–22. 

https://doi.org/10.1371/journal.pone.0215284 

Fischer, C. P., & Romero, L. M. (2019). Chronic captivity stress in wild animals is highly 

species-specific. Conservation Physiology, 7(1). https://doi.org/10.1093/conphys/coz093 



 

Fischer, J., & Lindenmayer, D. B. (2000). An assessment of the published results of animal 

relocations. Biological Conservation, 96, 1–11. https://doi.org/10.1016/S0006-

3207(00)00048-3 

Ganswindt, A., Palme, R., Heistermann, M., Borragan, S., & Hodges, J. K. (2003). Non-invasive 

assessment of adrenocortical function in the male African elephant (Loxodonta africana) 

and its relation to musth. General and Comparative Endocrinology, 134(2), 156–166. 

https://doi.org/10.1016/S0016-6480(03)00251-X 

García, H., Stevenson, P. R., & Link, A. (2016). Factores sociológicos que afectan el 

comportamiento y las estrategias reproductivas de monos churucos : un acercamiento 

endocrino. Universidad de los Andes. 

Goymann, W. (2012). On the use of non-invasive hormone research in uncontrolled, natural 

environments: The problem with sex, diet, metabolic rate and the individual. Methods in 

Ecology and Evolution, 3(4), 757–765. https://doi.org/10.1111/j.2041-210X.2012.00203.x 

Grundmann, E. (2006). Back to the wild: Will reintroduction and rehabilitation help the long-

term conservation of orang-utans in Indonesia? Social Science Information, 45(2), 265–284. 

https://doi.org/10.1177/0539018406063643 

Guy, A. J., & Curnoe, D. (2013). Guidelines for the rehabilitation and release of vervet monkeys. 

Primate Conservation, 27(1), 55–63. https://doi.org/10.1896/052.027.0103 

Guy, A. J., Curnoe, D., & Banks, P. B. (2014). Welfare based primate rehabilitation as a 

potential conservation strategy: Does it measure up? Primates, 55(1), 139–147. 

https://doi.org/10.1007/s10329-013-0386-y 

Guy, A. J., Stone, O. M. L., & Curnoe, D. (2012). Assessment of the release of rehabilitated 

vervet monkeys into the Ntendeka Wilderness Area, KwaZulu-Natal, South Africa: A case 



 

study. Primates. https://doi.org/10.1007/s10329-011-0292-0 

Guzmán-Caro, D. C., & Stevenson, P. R. (2014). Effect of housing conditions and diet on the 

behavior of captive woolly monkeys (Lagothrix). In T. Defler & P. R. Stevenson (Eds.), The 

Woolly Monkey: Behavior, Ecology, Systematics, and Captive Research (pp. 93–110). New 

York, NY: Springer New York. https://doi.org/10.1007/978-1-4939-0697-0_7 

Hämäläinen, A., Heistermann, M., Fenosoa, Z. S. E., & Kraus, C. (2014). Evaluating capture 

stress in wild gray mouse lemurs via repeated fecal sampling: Method validation and the 

influence of prior experience and handling protocols on stress responses. General and 

Comparative Endocrinology, 195, 68–79. https://doi.org/10.1016/j.ygcen.2013.10.017 

Harcourt, R. G., Turner, E., Hall, A., Waas, J. R., & Hindell, M. (2010). Effects of capture stress 

on free-ranging, reproductively active male Weddell seals. Journal of Comparative 

Physiology A: Neuroethology, Sensory, Neural, and Behavioral Physiology, 196(2), 147–

154. https://doi.org/10.1007/s00359-009-0501-0 

Heistermann, M., Ademmer, C., & Kaumanns, W. (2004). Ovarian cycle and effect of social 

changes on adrenal and ovarian function in Pygathrix nemaeus. International Journal of 

Primatology, 25(3), 689–708. https://doi.org/10.1023/B:IJOP.0000023581.17889.0f 

Heistermann, M., Palme, R., & Ganswindt, A. (2006). Comparison of different 

enzymeimmunoassays for assessment of adrenocortical activity in primates based on fecal 

analysis. American Journal of Primatology, 68, 257–273. https://doi.org/10.1002/ajp.20222 

Hennessy, M. B., Mendoza, S. P., Mason, W. A., & Moberg, G. P. (1995). Endocrine sensitivity 

to novelty in squirrel monkeys and titi monkeys: Species differences in characteristic modes 

of responding to the environment. Physiology and Behavior, 57(2), 331–338. 

https://doi.org/10.1016/0031-9384(94)00250-9 



 

Hosey, G. R. (2005). How does the zoo environment affect the behaviour of captive primates? 

Applied Animal Behaviour Science, 90(2), 107–129. 

https://doi.org/10.1016/j.applanim.2004.08.015 

Isbell, L. A. (1991). Contest and scramble competition: Patterns of female aggression and 

ranging behavior among primates. Behavioral Ecology, 2(2), 143–155. 

https://doi.org/10.1093/beheco/2.2.143 

IUCN/SSC. (2013). Guidelines for reintroductions and other conservation translocations. 

(Version 1.). Gland: IUCN Species Survival Commission. 

https://doi.org/10.1016/j.biocon.2015.07.030 

IUCN. (1998). IUCN Guidelines for Re-introductions. ( the I. R. S. Group, Ed.). Cambridge: 

IUCN, Gland, Switzerland and Cambridge, UK. 

Janin, A., Léna, J. P., Deblois, S., & Joly, P. (2012). Use of Stress-Hormone Levels and Habitat 

Selection to Assess Functional Connectivity of a Landscape for an Amphibian. 

Conservation Biology, 26(5), 923–931. https://doi.org/10.1111/j.1523-1739.2012.01910.x 

Jule, K. R., Leaver, L. A., & Lea, S. E. G. (2008). The effects of captive experience on 

reintroduction survival in carnivores: A review and analysis. Biological Conservation, 

141(2), 355–363. https://doi.org/10.1016/j.biocon.2007.11.007 

Lafferty, K. D., & Kuris, A. M. (1999). How environmental stress affects the impacts of 

parasites. Limnology and Oceanography, 44(3part2), 925–931. 

https://doi.org/10.4319/lo.1999.44.3_part_2.0925 

Lasley, B., & Kirkpatrick, J. (1991). Monitoring ovarian function in captive and free-ranging 

wildlife by means of urinary and fecal steroids. Journal of Zoo and Wildlife Medicine, 

22(1), 23–31. 



 

Lynn, S. E., & Porter, A. J. (2008). Trapping initiates stress response in breeding and non-

breeding house sparrows Passer domesticus: Implications for using unmonitored traps in 

field studies. Journal of Avian Biology, 39(1), 87–94. https://doi.org/10.1111/j.0908-

8857.2008.04204.x 

MacDougall-Shackleton, S. A., Bonier, F., Romero, L. M., & Moore, I. T. (2019). 

Glucocorticoids and “Stress” Are Not Synonymous. Integrative Organismal Biology, 1(1). 

https://doi.org/10.1093/iob/obz017 

Marsden, S. B., Marsden, D., & Thompson, M. E. (2006). Demographic and female life history 

parameters of free-ranging chimpanzees at the Chimpanzee Rehabilitation Project, River 

Gambia National Park. International Journal of Primatology, 27(2), 391–410. 

https://doi.org/10.1007/s10764-006-9029-0 

Martínez-mota, R., Valdespino, C., Rebolledo, J. A. R., & Palme, R. (2008). Determination of 

fecal glucocorticoid metabolites to evaluate stress response in Alouatta pigra. International 

Journal of Primatology, 29(5), 1365–1373. https://doi.org/10.1007/s10764-008-9308-z 

Martínez-Mota, R., Valdespino, C., Sánchez-Ramos, M. A., & Serio-Silva, J. C. (2007). Effects 

of forest fragmentation on the physiological stress response of black howler monkeys. 

Animal Conservation, 10(3), 374–379. https://doi.org/10.1111/j.1469-1795.2007.00122.x 

Mathews, F., Moro, D., Strachan, R., Gelling, M., & Buller, N. (2006). Health surveillance in 

wildlife reintroductions. Biological Conservation, 131(2), 338–347. 

https://doi.org/10.1016/j.biocon.2006.04.011 

Messina, S., Edwards, D. P., Marasco, V., Canoine, V., Cosset, C. C. P., Tomassi, S., et al. 

(2020). Glucocorticoids link forest type to local abundance in tropical birds. Functional 

Ecology, 34(9), 1814–1825. https://doi.org/10.1111/1365-2435.13586 



 

Michael Romero, L. (2002). Seasonal changes in plasma glucocorticoid concentrations in free-

living vertebrates. General and Comparative Endocrinology, 128(1), 1–24. 

https://doi.org/10.1016/S0016-6480(02)00064-3 

Millán, J. F., Bennett, S. E., & Stevenson, P. R. (2014). Notes on the behavior of captive and 

released woolly monkeys (Lagothrix lagothricha): Reintroduction as a conservation strategy 

in Colombian southern Amazon. In T. Defler & P. R. Stevenson (Eds.), The Woolly 

Monkey: Behavior, Ecology, Systematics, and Captive Research (pp. 249–266). New York, 

NY: Springer, New York, NY. https://doi.org/10.1007/978-1-4939-0697-0_14 

Ministerio de Turismo (2010) Capítulo 1, San Martín. Meta es llano. 1:43-44. Disponible 

en:http://www.mincit.gov.co/CMSPages/GetFile.aspx?guid=72abfc64-cba0-49c4-8670- 

ff5acd373eb6, Mittermeier. 

Moorhouse, T. P., Gelling, M., & Macdonald, D. W. (2009). Effects of habitat quality upon 

reintroduction success in water voles: Evidence from a replicated experiment. Biological 

Conservation, 142(1), 53–60. https://doi.org/10.1016/j.biocon.2008.09.023 

Morgan, K. N., & Tromborg, C. T. (2007). Sources of stress in captivity. Applied Animal 

Behaviour Science, 102(3–4), 262–302. https://doi.org/10.1016/j.applanim.2006.05.032 

Möstl, E., & Palme, R. (2002). Hormones as indicators of stress. Domestic Animal 

Endocrinology, 1–2, 67–74. https://doi.org/10.1016/S0739-7240(02)00146-7 

Munro, C., & Stabenfeldt, G. (1985). Development of a cortisol enzyme immunoassay in 

plasma. Clinical Chemistry 31, 956. 

Murray, M. (2017). Wild pathways of inclusive conservation. Biological Conservation, 214, 

206–212. https://doi.org/10.1016/j.biocon.2017.08.028 

Narayan, E. J., Cockrem, J. F., & Hero, J. M. (2013). Sight of a Predator Induces a 



 

Corticosterone Stress Response and Generates Fear in an Amphibian. PLoS ONE, 8(8), 

e73564. https://doi.org/10.1371/journal.pone.0073564 

Novak, M. A., Hamel, A. F., Kelly, B. J., Dettmer, A. M., & Meyer, J. S. (2013). Stress, the HPA 

axis, and nonhuman primate well-being: A review. Applied Animal Behaviour Science, 

143(2–4), 135–149. https://doi.org/10.1016/j.applanim.2012.10.012 

Novoa, T., Stevenson, P. R., & Link, A. (2018). Análisis comportamental y físico para la 

predicción del grado de éxito en la reintroducción de monos churucos ( Lagothrix 

lagothricha ) en Colombia. Universidad de los Andes. 

Ordóñez-Gómez, J. D., Cristóbal-Azkarate, J., Arroyo-Rodríguez, V., Santillán-Doherty, A. M., 

Valdez, R. A., & Romano, M. C. (2016). Proximal and distal predictors of the spider 

monkey’s stress levels in fragmented landscapes. PLoS ONE, 11(2), 17. 

https://doi.org/10.1371/journal.pone.0149671 

Palme, R., Rettenbacher, S., Touma, C., El-Bahr, S. M., & Möstl, E. (2005). Stress hormones in 

mammals and birds: Comparative aspects regarding metabolism, excretion, and noninvasive 

measurement in fecal samples. Annals of the New York Academy of Sciences, 1040, 162–

171. https://doi.org/10.1196/annals.1327.021 

Palme, Rupert. (2019). Non-invasive measurement of glucocorticoids: Advances and problems. 

Physiology and Behavior, 199, 229–243. https://doi.org/10.1016/j.physbeh.2018.11.021 

Parker, K. A., Dickens, M. J., Clarke, R. H., & Lovegrove, T. G. (2012). The Theory and 

Practice of Catching, Holding, Moving and Releasing Animals. In John G. Ewen Doug P. 

Armstrong Kevin A. Parker Philip J. Seddon (Ed.), Reintroduction Biology: Integrating 

Science and Management (pp. 105–137). Chichester, UK: John Wiley & Sons, Ltd. 

https://doi.org/10.1002/9781444355833.ch4 



 

Pauling, C. D., Lankford, S. E., & Jackson, V. L. (2017). Fecal cortisol levels in scimitar-horned 

Oryx, Oryx dammah, reveals differences between captive environments. Journal of Zoo and 

Wildlife Medicine, 48(4), 1049–1057. https://doi.org/10.1638/2016-0087R2.1 

Peignot, P., Charpentier, M. J. E., Bout, N., Bourry, O., Massima, U., Dosimont, O., et al. 

(2008). Learning from the first release project of captive-bred mandrills Mandrillus sphinx 

in Gabon. Oryx, 42(1), 122–131. https://doi.org/10.1017/S0030605308000136 

Pyke, G. H., & Szabo, J. K. (2018). Conservation and the four Rs, which are rescue, 

rehabilitation, release, and research. Conservation Biology, 32(1), 50–59. 

https://doi.org/10.1111/cobi.12937 

Rangel-Negrín, A., Alfaro, J. L., Valdez, R. A., Romano, M. C., & Serio-Silva, J. C. (2009). 

Stress in yucatan spider monkeys: Effects of environmental conditions on fecal cortisol 

levels in wild and captive populations. Animal Conservation, 12(5), 496–502. 

https://doi.org/10.1111/j.1469-1795.2009.00280.x 

Reading, R. P., Miller, B., & Shepherdson, D. (2013). The Value of Enrichment to 

Reintroduction Success. Zoo Biology, 32(3), 332–341. https://doi.org/10.1002/zoo.21054 

Redshaw, M. E., & Mallinson, J. J. C. (1991). Stimulation of natural patterns of behaviour: 

studies with golden lion tamarins and gorillas. In H. Box (Ed.), Primate Responses to 

Environmental Change (pp. 217–238). London: Chapman & Hall. 

https://doi.org/10.1007/978-94-011-3110-0_12 

Reeder, D. A. M., & Kramer, K. M. (2005). Stress in free-ranging mammals: Integrating 

physiology, ecology, and natural history. Journal of Mammalogy, 86(2), 225–235. 

https://doi.org/10.1644/BHE-003.1 

Rimbach, R., Heymann, E. W., Link, A., & Heistermann, M. (2013a). Validation of an enzyme 



 

immunoassay for assessing adrenocortical activity and evaluation of factors that affect 

levels of fecal glucocorticoid metabolites in two New World primates. General and 

Comparative Endocrinology, 191, 13–23. https://doi.org/10.1016/j.ygcen.2013.05.010 

Rimbach, R., Link, A., Heistermann, M., Gómez-Posada, C., Galvis, N., & Heymann, E. W. 

(2013b). Effects of logging, hunting, and forest fragment size on physiological stress levels 

of two sympatric ateline primates in Colombia. Conservation Physiology, 1(1), 1–11. 

https://doi.org/10.1093/conphys/cot031 

Rimbach, R., Link, A., Montes-Rojas, A., Di Fiore, A., Heistermann, M., & Heymann, E. W. 

(2014). Behavioral and physiological responses to fruit availability of spider monkeys 

ranging in a small forest fragment. American Journal of Primatology, 76(11), 1049–1061. 

https://doi.org/10.1002/ajp.22292 

Sapolsky, R. M. (1982). The endocrine stress-response and social status in the wild baboon. 

Hormones and Behavior, 16(3), 279–292. https://doi.org/10.1016/0018-506X(82)90027-7 

Sapolsky, R. M. (1992). Do glucocorticoid concentrations rise with age in the rat? Neurobiology 

of Aging, 13(1), 171–174. https://doi.org/10.1016/0197-4580(92)90025-S 

Sapolsky, R. M. (2002). Endocrinology of the stress-response. In M. M. Becker JB, Breedlove 

SM, Crews D (Ed.), Behavioral Endocrinology (pp. 409–450). Cambridge: MIT Press. 

Sapolsky, R. M., Krey, L. C., & McEwen, B. S. (1983). The adrenocorticol stress-response in the 

aged male rat: Impairment of recovery from stress. Experimental Gerontology, 18(1), 55–

64. https://doi.org/10.1016/0531-5565(83)90051-7 

Sapolsky, R. M., & Pulsinelli, W. A. (1985). Glucocorticoids potentiate ischemic injury to 

neurons: therapeutic implications. Science (New York, N.Y.), 229(4720), 1397–1400. 

https://doi.org/10.1126/science.4035356 



 

Sapolsky, R. M., Romero, L. M., & Munck, A. U. (2000). How do glucocorticoids influence 

stress responses? Integrating permissive, suppressive, stimulatory, and preparative actions. 

Endocrine Reviews, 21(1), 55–89. https://doi.org/10.1210/er.21.1.55 

Schatz, S., & Palme, R. (2001). Measurement of Faecal Cortisol Metabolites in Cats and Dogs: 

A Non-invasive Method for Evaluating Adrenocortical Function. Veterinary Research 

Communications, 25(4), 271–287. https://doi.org/10.1023/A:1010626608498 

Schwarzenberger, F. (2007). The many uses of non-invasive faecal steroid monitoring in zoo and 

wildlife species. International Zoo Yearbook, 41(1), 52–74. https://doi.org/10.1111/j.1748-

1090.2007.00017.x 

Schwarzenberger, Franz, Möstl, E., Palme, R., & Bamberg, E. (1996). Faecal steroid analysis for 

non-invasive monitoring of reproductive status in farm, wild and zoo animals. Animal 

Reproduction Science, 42(1–4), 515–526. https://doi.org/10.1016/0378-4320(96)01561-8 

Sheriff, M. J., Dantzer, B., Delehanty, B., Palme, R., & Boonstra, R. (2011). Measuring stress in 

wildlife: Techniques for quantifying glucocorticoids. Oecologia, 166(4), 869–887. 

https://doi.org/10.1007/s00442-011-1943-y 

Shutt, K., Setchell, J. M., & Heistermann, M. (2012). Non-invasive monitoring of physiological 

stress in the western lowland gorilla (Gorilla gorilla gorilla): Validation of a fecal 

glucocorticoid assay and methods for practical application in the field. General and 

Comparative Endocrinology, 179(2), 167–177. https://doi.org/10.1016/j.ygcen.2012.08.008 

Snowdon, C. T. (1994). The significance of naturalistic environments for primate behavioral 

research. In J. Edward F. Gibbons, E. J. Wyers, E. Waters, & Emil W. Menzel (Eds.), 

Naturalistic environments in captivity for animal behavior research. (pp. 217–235). Albany, 

NY, US: State University of New York Press. 



 

Sobral-Souza, T., Lautenschlager, L., Morcatty, T. Q., Bello, C., Hansen, D., & Galetti, M. 

(2017). Rewilding defaunated Atlantic Forests with tortoises to restore lost seed dispersal 

functions. Perspectives in Ecology and Conservation, 15(4), 300–307. 

https://doi.org/10.1016/j.pecon.2017.08.005 

Soorae, P. S. (2016). Global Re-introduction Perspectives: 2016. Case-studies from around the 

globe. (P. S. Soorae, Ed.). Gland: IUCN/SSC Re- introduction Specialist Group and Abu 

Dhabi, UAE: Environment Agency- Abu Dhabi. https://doi.org/10.1016/S0262-

1762(06)71090-2 

Sopinka, N. M., Capelle, P. M., Semeniuk, C. A. D., & Love, O. P. (2017). Glucocorticoids in 

fish eggs: Variation, interactions with the environment, and the potential to shape offspring 

fitness. Physiological and Biochemical Zoology, 90(1), 15–33. 

https://doi.org/10.1086/689994 

Stevenson, P. R. (2006). Activity and ranging patterns of colombian woolly monkeys in north-

western amazonia. Primates, 47(3), 239–247. https://doi.org/10.1007/s10329-005-0172-6 

Stevenson, P. R., & Vargas, I. N. (2008). Sample size and appropriate design of fruit and seed 

traps in tropical forests. Journal of Tropical Ecology, 24(1), 95–105. 

https://doi.org/10.1017/S0266467407004646 

Taylor, R. T., Wong, J. A., & Serfass, T. L. (2016). Stress levels in captured river otters (Lontra 

canadensis) decreased after transportation to reintroduction sites. Journal of Zoo and 

Wildlife Medicine, 47(4), 1057–1060. https://doi.org/10.1638/2016-0008.1 

Tecot, S. R. (2013). Variable energetic strategies in disturbed and undisturbed rain forests: 

Eulemur rubriventer fecal cortisol levels in South-Eastern Madagascar. In R. T. J. Masters, 

M. Gamba, F. Génin (Ed.), Leaping Ahead: Advances in Prosimian Biology (pp. 185–196). 



 

New York, NY: Springer. https://doi.org/10.1007/978-1-4614-4511-1_21 

Teixeira, C. P., de Azevedo, C. S., Mendl, M., Cipreste, C. F., & Young, R. J. (2007). Revisiting 

translocation and reintroduction programmes: the importance of considering stress. Animal 

Behaviour, 73(1), 1–13. https://doi.org/10.1016/j.anbehav.2006.06.002 

Whitten, P. L., Stavisky, R., Aureli, F., & Russell, E. (1998). Response of fecal cortisol to stress 

in captive chimpanzees (Pan troglodytes). American Journal of Primatology, 44(1), 57–69. 

https://doi.org/10.1002/(SICI)1098-2345(1998)44:1<57::AID-AJP5>3.0.CO;2-W 

Wingfield, J.C. and Hunt, Kevin and Breuner, Creagh and Dunlap, Kent and Fowler, G.S. and 

Freed, L. and Lepson, J. (1997). Environmental stress, field endocrinology, and 

conservation biology. In B. R. C. J.R (Ed.), Behavioral approaches to conservation in the 

wild (pp. 95–131). London: Cambridge University Press. 

https://www.researchgate.net/publication/303286285_Environmental_stress_field_endocrin

ology_and_conservation_biology. Accessed 16 October 2020 

Wingfield, J. C. (2005). The concept of allostasis: Coping with a capricious environment. 

Journal of Mammalogy, 86(2), 248–254. https://doi.org/10.1644/BHE-004.1 

Wolf, C. M., Griffith, B., Reed, C., & Temple, S. A. (1996). Avian and Mammalian 

Translocations: Update and Reanalysis of 1987 Survey Data. Conservation Biology, 10(4), 

1142–1154. https://doi.org/10.1046/j.1523-1739.1996.10041142.x 

Xu, J. J., Fu, S. J., & Fu, C. (2019). Physiological and behavioral stress responses to predators 

are altered by prior predator experience in juvenile qingbo (Spinibarbus sinensis). Biology 

Open, 8(5). https://doi.org/10.1242/bio.041012 

Yeager, C. P. (1997). Orangutan Rehabilitation in Tanjung Puting National Park, Indonesia. 

Conservation Biology, 11(3), 802–805. https://doi.org/10.1046/j.1523-1739.1997.95500.x 



 

Young, K. M., Walker, S. L., Lanthier, C., Waddell, W. T., Monfort, S. L., & Brown, J. L. 

(2004). Noninvasive monitoring of adrenocortical activity in carnivores by fecal 

glucocorticoid analyses. General and Comparative Endocrinology, 137(2), 148–165. 

https://doi.org/10.1016/j.ygcen.2004.02.016 

Young, R. J. (2007). Second Nature: Environmental Enrichment for Captive Animals. In M. H. 

David J. Shepherdson, Jill D. Mellen (Ed.), Environmental Enrichment for Captive Animals 

(pp. 1–228). https://doi.org/10.1002/9780470751046 

Ziegler, T. E., Scheffler, G., & Snowdon, C. T. (1995). The relationship of cortisol levels to 

social environment and reproductive functioning in female cotton-top tamarins, Saguinus 

oedipus. Hormones and Behavior, 29(3), 407–424. https://doi.org/10.1006/hbeh.1995.1028 

Ziegler, T. E., & Wittwer, D. J. (2005). Fecal steroid research in the field and laboratory: 

Improved methods for storage, transport, processing, and analysis. American Journal of 

Primatology, 67(1), 159–174. https://doi.org/10.1002/ajp.20175 

Zoladz, P. R., Conrad, C. D., Fleshner, M., & Diamond, D. M. (2008). Acute episodes of 

predator exposure in conjunction with chronic social instability as an animal model of post-

traumatic stress disorder. Stress, 11(4), 259–281. 

https://doi.org/10.1080/10253890701768613 

 

 

 

 

 

 



 

Chapter IV. 

Body condition and fruit availability are the main factors determining survival of 

reintroduced woolly monkeys in Colombia 

 

Abstract 

Assessing success in reintroduction programs is challenging, especially for long-lived species due 

to the lack of long-term post-released monitoring, making it difficult to obtain accurate estimations 

of the efficacy of this conservation strategy. However, measuring initial success by quantifying 

survival, as well as registering the entire rehabilitation process, may bring important clues related 

to the protocol and the individual traits affecting the performance of the reintroduced animals. To 

assess the initial success of a reintroduction program of woolly monkeys (Lagothrix lagothricha) 

in Colombia, we undertook three reintroduction events in two different forests between 2017 and 

2019. We used simple and multiple regression analyses from 11 released individuals, to test how 

variations in animal condition, behavior, rehabilitation process, and habitat suitability, influence 

the success in terms of survival. We found that good body condition and high fruit production were 

the most important factors determining enhanced survival of reintroduced woolly monkeys. We 

also identified captive conditions and the display of natural behaviors, as variables influencing the 

survival of the individuals, supporting the importance of enriched environments and the 

rehabilitation stage. Although rehabilitation of primates could be challenging, proper procedures 

may guarantee alternatives for increasing the welfare of captive animals and an effective 

conservation strategy for threatened species.  
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Resumen  

Evaluar el éxito de los programas de reintroducción es un desafío, especialmente para las especies 

de larga vida debido a la falta de monitoreo a largo plazo posterior a la liberación; lo que dificulta 

estimar de manera precisa la eficacia de esta estrategia de conservación. Sin embargo, la 

cuantificación de la supervivencia como medida de inicial de éxito y el registro sistemático del 

proceso de rehabilitación, pueden aportar pistas importantes relacionadas con los procedimientos 

y los rasgos individuales que afectan el rendimiento de los animales reintroducidos. Para evaluar 

el éxito inicial de un programa de reintroducción de monos churucos (Lagothrix lagothricha) en 

Colombia, realizamos tres eventos de reintroducción en dos bosques diferentes entre 2017 y 2019. 

Utilizamos análisis de regresión simple y múltiple de 11 individuos liberados, para probar cómo 

las variaciones en la condición de los animales, el comportamiento, el proceso de rehabilitación y 

la idoneidad del hábitat influyen en el éxito en términos de supervivencia. Encontramos que la 

buena condición corporal y la alta producción de frutos eran los factores más importantes que 

determinaban una mayor supervivencia de los monos churucos reintroducidos. También 

identificamos las condiciones de cautiverio y el despliegue de comportamientos naturales, como 

variables que influyen en la supervivencia de los individuos, apoyando la importancia de los 

ambientes enriquecidos y la etapa de rehabilitación. Aunque la rehabilitación de primates podría 

ser un desafío, los procedimientos adecuados pueden garantizar alternativas para aumentar el 

bienestar de los animales cautivos y ser una estrategia de conservación eficaz para las especies 

amenazadas. 



 

Introduction 

Reintroduction programs are one of  the conservation strategies aimed to prevent biodiversity loss 

by managing ex-situ populations (International Union for the Conservation of Nature-IUCN 2013; 

Konstant and Mittermeier 1982). This activity is defined by the IUCN (2013) as the intentional 

movement and release of organisms within the historical range from which they have disappeared. 

Reintroduction, is usually aimed to species that have been affected by human activities, either due 

to habitat destruction, hunting, or illegal traffic (Goossens et al. 2005; Stone and Guy 2017; 

Wimberger et al. 2010). It may include animals from captive or wild sources but, in this particular 

context, we refer to the process by which animals are moved to a wild area, involving a previous 

period in captivity. While these programs seem to be a conservation opportunity by reestablishing 

viable populations, there is wide variation on the survival success of released animals, ranging 

between 11% to 53% (Beck et al. 1994; Wolf et al. 1996).  

 

A widely accepted approximation of the degree of reintroduction success is based on demographic 

data to estimate survival and reproduction rates (Beck et al. 2007; Goossens et al. 2005; Teixeira 

et al. 2007; Yeager 1997). However, for long-lived species, getting precise demographic 

estimations could be challenging (Gaillard et al. 1998; King et al. 2012), and it is usually restricted 

to initial success estimations. Some of the best known reintroduction processes that have been 

attempted are: the reintroduction of Panamanian black-handed spider monkeys (Ateles geoffroyi 

panamensis), in Barro Colorado Island (Milton and Hopkins 2006), the reintroduction of  

California condor (Toone and Wallace 1994) and the golden lion tamarin (Kleiman and Mallinson 

1998) in Brazil. Although not all of these programs had permanent monitoring, there was long 

term demographic data available providing evidence of success. While getting these kind of data 



 

should be aimed for in any program, there is an information gap due to the lack of pre and post-

release monitoring (Estrada 2014; Fischer and Lindenmayer 2000); reducing the possibility of 

avoiding past mistakes and affecting the chance of success for subsequent efforts.  

 

Considering the complexity of  reintroduction projects and the variable outcomes, there is a set of 

guidelines aimed to improve the results as well as the welfare of the animals involved (Beck et al. 

2007; Cheyne et al. 2012; Guy 2013; IUCN 2013; Soorae 2010; Stone and Guy 2017). These 

protocols establish a series of recommended procedures to follow up during the process, 

considering the behavioral and ecological requirements of the species. However, there are still 

many species lacking detailed information on their performance, that could improve the results for 

future efforts. Additionally, Armstrong and Seddon (2008), have stated the importance of testing 

hypotheses about reintroduction success, by performing experimental approaches instead of 

deducing patterns from monitoring results.  

 

Woolly monkeys (Lagothrix lagothricha), represent one of the most widely distributed genera in 

the Neotropics (Fooden 1963, Stevenson and Link 2008, Defler 2010). However, wild populations 

are decreasing due to habitat destruction and hunting (Etter and van Wyngaarden 2000; Stevenson 

et al. 2010). Additionally, the Andean populations (L.l. lugens) are one of the most affected by 

extensive deforestation, being considered as Critically Endangered according to IUCN criteria 

(Stevenson and Link 2008). Woolly monkeys are one of the largest primates on the Neotropics 

and are very attractive not only for meat consumption, but also their infants are frequently kept as 

a pets (Mancera-Rodriguez and Reyes-Garcia 2008; Peres and Palacios 2007). These situations, 



 

have generated its local extinction in some areas (Stevenson and Aldana 2008; Stevenson and Link 

2008) and the extinction of a large number of individuals in captive centers. 

 

Once in captivity the animals usually require a long period of recovery and adaptation, but in many 

cases the post-release establishment is not achieved (Millán et al. 2014). Weak health condition 

seems to be an important factor causing high mortality on captive animals (Ange-Van Heugten et 

al. 2009) and it may also affect survival skills into the wild, such as locomotion and the ability to 

acquire food (Beck et al. 2007; Siepker et al. 2007) or to  avoid threats. On the other hand, 

considering body condition as a proxy for fitness and potential positive effects on acquiring and 

using resources, might help to predict potential effects on survival and reproduction (Bender et al. 

2008), as it has been showed for several groups, including birds and mammals (Milenkaya et al. 

2015; Morgan-Davies et al. 2008). Additionally, given the social features of primates and their 

generally slow physiological and cognitive development, it is possible that previous experiences 

during early stages could influence their response in a reintroduction process (Charnov and 

Berrigan 1993). Although the initial conditions of the animals are usually unknow (incorporating 

some uncertainty to the process) , many of the survival skills may be developed or, stimulated in 

enriched captivity conditions (Guy et al. 2014; Jule et al. 2008). A positive relationship between 

high quality habitat or naturalistic housing conditions and the display of natural behaviors, have 

been previously reported for captive woolly monkeys (Guzmán-Caro and Stevenson 2014). 

Moreover, naturalistic rearing strategies may also imply an advantage for released animals, as 

previously evidenced for reintroduced cotton top tamarins in Brazil (Snowdon 1994) and black-

footed ferrets (Mustela nigripes) in USA (Biggins et al. 1999), showing higher abilities for finding 

or catching food associated to natural environments and resulting on higher survival rates.  



 

On the other hand, habitat suitability must be considered as determinant for the establishment of 

the released animals (Cheyne et al. 2008; Cheyne 2006). Some of the assessed factors may include 

environmental conditions such as temperature, rainfall and fluctuations on quality and distribution 

of food sources (Griffith et al. 1989; Stone and Guy 2017). since a significant reduction of food 

source availability may increase the dispersion risk (Cowlishaw & Dunbar 2000) and affect the 

survival chance. Regarding fruit production, this source has been identified as a good predictor of 

the abundance of Neotropical primates populations (Stevenson 2001, 2016); making this variable 

an important selection criteria for release areas. Natural woolly monkey populations usually have 

large home-ranges and their activity patterns are widely devoted to foraging and movement 

(Thomas R. Defler 1996; Di Fiore 2003; Stevenson 2006). The highest rates of movement reported 

for these primates in Colombia correspond to populations inhabiting fragments (Zarate 2010) and  

Sub-Andean forests (Vargas et al. 2014), where woolly monkeys spend a high amount of time 

looking for arthropods, supporting the idea that fruit abundance and distribution seem to affect 

their activity patterns. When analyzing factors determining the abundance of woolly monkeys 

(Lagothrix spp.), Ramírez and Stevenson (2020), found a positive correlation between fruit 

production and the presence probability of these primates. The authors also suggest a minimum 

amount of fruit that should be aimed for a reintroduction area (> 400 kg.km-2.y-1).  

 

Furthermore, it has been stated that reductions in temperature mainly in cold climates might reduce 

the quality and availability of food, and may also result on thermic stress for the animals with high 

energetic costs (Roland et al. 2016; Stone and Guy 2017). Such fluctuations may affect to a greater 

extent to newly released animal populations without experience in wild habitats. In this regard, it 

is possible that reintroduced populations show a better performance if released at areas with similar 



 

environmental conditions as their original range. In Colombia for instance, there are two taxa of 

woolly monkeys with gene flow between neighboring populations (Botero & Stevesnon 2014; 

Botero et al. 2010). The populations of L. l. lagothricha are considered the lowland populations, 

inhabiting the south of the country in southern llanos and the Amazon region; and the highland 

populations, correspond to (L. l. lugens), which inhabit the eastern and central cordillera in the 

northern Andes and nearby lowlands (Botero and Stevenson 2014). Both subspecies usually 

converge at captive centers where they are located in single groups. Therefore, considering the 

natural gene flow, the stability of the social groups at captivity and the few suitable animals, we 

included both subspecies in our study groups; which is also an opportunity to evaluate potential 

differences in response to environmental conditions. In the present study we undertook 3 

reintroductions events to test how variations in animal condition and behavior, and the habitat 

suitability at captivity and the release sites, influence the success in terms of survival of 

reintroduced woolly monkeys in Colombia. We used post-release survival to estimate the initial 

success of the program, since this proxy has been widely used for this purpose (Estrada 2014; 

Goossens et al. 2005). We test the hypothesis that rehabilitated woolly monkeys with higher body 

condition and behavioral patterns closer to wild populations will show the longest survival periods 

after released. We also expect that high-quality habitats at captivity and at the release site will 

increase the survival for reintroduced individuals.  

 

Methods  

A total of fourteen individuals of woolly monkeys spread in three groups, were rehabilitated and 

reintroduced between September 2016 and November 2019 (Table I). In order to assess the factors 

determining the survival of the released individuals, we collected data on all animals present at 



 

each stage (basic captivity, rehabilitation, and reintroduction). At least five focal samples were 

carried out per month on each category of age and sex, from dawn (6:00 a.m.), until sunset (6:00 

p.m.). Behavioral information was recorded, including activity, diet, and social interactions, 

following methods described in Stevenson (2006). To assess behavioral differences between the 

study groups and wild populations we used X2 values estimated from our data and a compilation 

of activity values from several groups in wild habitats (Guzman-Caro and Stevenson 2014). 

 
Table I. Group composition, age and sex category, rehabilitation period and release dates of woolly 
monkeys reintroduced at Corredor Biológico Guacharos-Puracé and Rey Zamuro Reserve 2017–
2019. 

N. of 
individuals  Group ID Age  Sex Released site  

Rehab 
months 

Year 
of 

release 
Survival 
months   

1 1 Lena  Adult  Female  
Guacharos-
Puracé 5 2017 + 

2 1 Hodor  Adult  Male 
Guacharos-
Puracé 5 2017 7 

3 1 Khal  Adult  Male 
Guacharos-
Puracé 5 2017       ++ 

4 1 Tyrion  Juvenile  Male 
Guacharos-
Puracé 5 2017 1 

5 1 Rayita  Juvenile  Female  
Guacharos-
Puracé 5 2017 2 

6 2 Yara  Adult  Female  Rey Zamuro 5 2018 7 
7 2 Micaela  Adult  Female  Rey Zamuro 5 2018 21 
8 2 Amalia  Adult  Female  Rey Zamuro 5 2018 0.37 
9 2 Aurelio  Adult  Male Rey Zamuro 5 2018 1 

10 2 Kaly  Adult  Male Rey Zamuro 5 2018 ++ 

11 2 Loui  Subadult Male Rey Zamuro 5 2018 0.07 
12 3 Lara  Adult  Female  Rey Zamuro 2 2019 8 
13 3 Lua  Juvenile  Female  Rey Zamuro 2 2019 8 
14 3 Pistón  Subadult Male Rey Zamuro 2 2019 8 

+ Recaptured animals + + Lost after release 
 

We estimated the relationship between weight/arm-length as the individuals body condition index 

before released. Additionally, housing conditions at captivity (before and during the 



 

rehabilitation), were established according to Guzmán-Caro and Stevenson (2014),  as well as the 

enrichment index, which is based on the volume of the enclosures and the area of the structures 

available for their use (including all potential supporting materials and enrichment elements). We 

also estimated the environmental conditions by registering the mean temperature and fruit 

production during the months that every animal ranged freely at the release sites. Forest 

productivity was estimated according to Stevenson and Vargas (2008), using fruit traps arranged 

as follows: At Corredor Biológico Guacharos Puracé we used 120 traps of 0.56 m2 and at Natural 

Reserve Rey Zamuro, we used 100 traps of the same area. See variable details (Appendix 1).  

 

Rehabilitation and Reintroduction sites   

Individuals were preselected at different Regional Autonomous Corporations (CAR), and were 

then moved to the rehabilitation center. Group 1 and 2, were rehabilitated at Centro de Atención y 

Valoración (CAV) Teruel Corporación Autónoma del Alto Magdalena. The first group was 

reintroduced at Corredor Biológico Guacharos Puracé, Huila (a predominant Andean and sub-

Andean primary forest of 106 ha) at 1800 masl, mean temperature 17.5 °C. The second group was 

released at Natural Reserve Rey Zamuro Matarredonda, Meta; located at the piedmont of the 

Llanos Orientales. A humid tropical climate (ranging from 2200 mm to 5100 mm of rainfall in the 

areas close to the mountain range) with a mean temperature of 22.6 °C (Ministerio de Comercio, 

2010). The third group was also released at Rey Zamuro Reserve, with a short period of in situ 

rehabilitation (Table I).  

 

As recommended by IUCN (2013), when selecting the reintroduction areas, we considered 

ecological, sociological and political criteria, and verified that reintroduction sites were legally 



 

protected. Since the release areas were part of the historical distribution of the woolly monkeys 

(confirmed by the local people), a biweekly census was performed in order to assess the presence 

of natural barriers between the released woolly monkeys and wild populations to avoid potential 

affectations.  

 

Initial success measurement 

We used survival as a proxy of initial success, by registering months that the woolly monkeys were 

alive after being released. We analyzed data from 11 of 14 individuals, since one of them was 

recaptured and two escaped just after being released.  

 

Statistical analyses  

We used simple regression analysis to verify the relationship between all the registered variables 

(Table II), and the dependent variable (post-released survival). A logarithmic data transformation 

was performed to allow homoscedasticity in the regression analysis (Campbell et al. 1970). We 

also performed linear mixed models (LMM), because it accounts for repeated measures for every 

release event. As control variables we used fruit production, body condition, enrichment index in 

captivity, behavior X2 value during the reintroduction, as some of these variables have been shown 

to affect survival for reintroduced animals (Beck et al. 2007; Cheyne et al. 2008; Milenkaya et al. 

2015; Snowdon 1994). We used location as random factor counting for potential differences 

associated to the released sites,  and the selection of the model was based on Akaike criterion. 

Prior to the analyses, the distributions of each variable were assessed for normality. To meet the 

normality assumptions of the linear mixed model Log transformations were applied to survival 

rates and to the rest of the explanatory variables. The selection of the models was based on the 



 

Akaike (AIC) criterion (Akaike 1978). P-values were obtained by likelihood ratio tests of the full 

model with the effect in question against the model without the effect in concern. We used lme4 

package (Bates et al. 2012) in RStudio 1.0.136 (R Core Team, 2012).  

 

Before the model selection, some original independent variables were discarded due to high 

correlation with others (r > 0.8). For instance, weight and arm length were correlated to body 

condition index (Appendix 2), therefore we removed the single variables and included body 

condition index (Table II). Conversely, to deal with the multicollinearity between fruit production 

and activity values after reintroduction, we used the Residual and sequential regression method 

proposed by Graham (2003), since preliminary information indicated their minor ecological 

relationship. We also performed a Wilcoxon test to evaluate if the environmental conditions at the 

release area influence survival depending on the original distribution of the subspecies. All 

analyses were performed using R version 1.0.136.  

 

Legal and ethical considerations  

All procedures were performed by Regional Governmental Institutions (Corporación Autónoma 

del Alto Magdalena, Cormacarena, and some others) in collaboration with Universidad de los 

Andes. The project also has all legal and ethical permits required, including: “Permiso de 

recolección de especímenes de especies silvestres de la diversidad biolológica con fines de 

investigación científica no comercial” and approval from the research ethic’s committee at 

Universidad de los Andes. All manipulation of individuals, radiotelemetry and health assessment, 

were done by qualified veterinarians and employees from Corporación Autónoma del Alto 

Magdalena. Collars were not removed after reintroduction.  



 

Results  

Single regression analyses showed three independent variables having significant correlation to 

post-release survival of the reintroduced woolly monkeys (Table II). Body condition and fruit 

production showed a positive effect on post-release survival explaining independently 67% and 

57% of the variation (Figure 1.). There was also a negative relationship with the activity X2 value 

after released (Appendix 3). 

 

a. b.   

  

Figure 1. Logarithmic regression between post-release survival and a) Individual body condition, 
b) Mean fruit production at the release sites.  
 
 
Table II. Summary of the simple regression analysis to explain post-release survival of woolly 
monkeys in Colombia.  

Variables     F     P  n   r2  Effect  
Body condition index (weight/arm length) 18.4 0.002 ** 11 0.67 (+) 
Fruit production 12.1 0.006 ** 11 0.57 (+) 
Activity X2 value at reintroduction 10.3 0.014 * 9 0.59 (-) 
Arm length  0.28 0.6 11 0.03  
Weight  3.99 0.07 11 0.31  
Rehabilitation months 2.23 0.17 11 0.19  
Enrichment index captivity  0.08 0.7 11 0.00  
Enrichment index rehabilitation  2.71 0.13 11 0.23  

R2 =0.67, p=0.002 R2 =0.57, p=0.006 



 

Activity X2 value at captivity  0.21 0.66 10 0.02  
Activity X2 value at rehabilitation 3.39 0.09 11 0.27  
# of released individuals 3.09 0.11 11 0.35  
Temperature 0.00 0.9 11 0.00   

* p< 0.05, ** p< 0.01, the last column indicates the type of relationship between post-release 
survival and each independent variable.  
 

The full model, estimating the influence of the analyzed variables on the post released survival in 

woolly monkeys during the reintroduction program, differed significantly from the null model 

(X2=23.30, df= 1, P<0.0001, N= 11 individuals). Fruit production at the release site was one the 

variables with significant effect on survival (LMM: Estimate +/- SE: 0.09+/- 0.09, T = 12.96, 

PLRT= <0.000; Table II, fig. 2).  

 

Table III. Results of Model examining the influence of multiple variables on the Log transformed 
post-release survival of reintroduced woolly monkeys.  
Variables Estimation  +-SE T P ***LRT 
Fruit production 1.21 0.09 12.96 <0.000 
Enrichment index captivity  -0.26 0.06 -10.3 <0.000 
Body condition index (weight/arm length) 1.01 0.39 2.61 0.009 
Activity X2 after released  0.21 0.15 1.37 0.17 

 

We found no differences in survival between subspecies at the different release sites. C.B 

Guacharos-Puracé (W = 0, p = 0.46), and Rey Zamuro (W = 0, p = 0.67).  

 

Discussion  

Our results showed that post-release survival of reintroduced woolly monkeys is influenced by a 

set of factors that may be determining the success or failure of the programs. Understanding 

species-specific characteristics and their ecological flexibility might help determine potential 

responses associated to these factors and bring clues about how these can be managed to improve 



 

the chances of survival. In particular, body condition and fruit production were the main variables 

explaining survival after release. Independent and multiple regressions indicated other variables 

that may also be associated with short-term survival, such as Enrichment index at captivity and 

activity patterns of the animals after being released. Body condition as measured here, considers 

health state while controlling for body dimensions; this index and the display of natural skills were 

identified as factors increasing the chance of establishment (Gil-da-Costa et al. 2003; Griffin, 

Blumstein and Evans 2000; Riedler et al. 2010). For captive animals, health affectations are 

common due to captive conditions (Mathews et al. 2005) or stress during the reintroduction process 

(Lucarda et al. 2008; Morgan and Tromborg 2007). The magnitude of the impact and its 

permanence, could vary depending on the species tolerance to capture and handling (Gelling et al. 

2012; Kassahn et al. 2009; Reading et al. 2013), as well as to body condition. High mortality rates 

at captivity have been associated to a weak health condition (Ange-Van Heugten et al. 2009); and 

may also have potential effects on post-release establishment if essential mechanisms such as 

reproductive output, predation response, foraging abilities and locomotor skills (Beck et al. 2007; 

Jule et al. 2008; Siepker et al. 2007) are also disrupted. While random events as deaths due to 

falling from trees, are frequent in this kind of projects (we registered two fatal events), high 

mortality rates could be also associated to lack of locomotor ability or lack of strength. Therefore, 

choosing individuals with a general good condition is an essential factor determining their 

performance in a reintroduction program.  

 

Thus, improving the physical and psychological welfare of the animals, as well as stimulating 

natural behaviors throughout the rehabilitation process are key components in reintroduction 

programs (Beck et al. 2007; Hosey 2005; Jule et al. 2008; Redshaw and Mallinson 1991; Seddon 



 

et al. 2007). Our results could be supporting the relevance of these factors, since multiple and 

simple regression analyses showed that enrichment index at captivity and deviations from normal 

activity patterns after release had significant effect on post-release survival. Considering the 

positive effects that enriched environments have on the display of natural behaviors of captive 

primates (woolly monkeys in Colombia), as well as on facilitating the adaptation to novel 

environments after reintroduction (black lion tamarins in Brazil) (Guzmán-Caro and Stevenson 

2014; Valladares-Padua et al. 2000),  we could expect some advantage in survival for those 

individuals subjected to permanent stimuli; encouraging physical, cognitive and social abilities. 

Conversely, for chimpanzees, woolly monkeys and mandrills, poor enrichment and small areas 

have been associated to behavioral alterations, such as long periods resting on the floor and low 

reproductive outputs (Hosey 2005; Millán et al. 2014; Terdal 1996). These behaviors may increase 

predation risk and reduce establishment probabilities in reintroductions. Therefore, inclusion of 

enriched environments and rehabilitation periods that favor the adaptation of individuals to new 

environments, could be determining the success of a reintroduction process (Guy et al. 2014). For 

our study groups, the higher survival rates were registered for individuals displaying behaviors 

similar to natural populations, which may suggest an advantage in terms of adaptation to novel 

environments.  

 

Attributing the presence of natural behaviors to a single factor (for instance, rich environments) is 

inadequate. While pre-release training could contribute to avoid potential hazards such as 

predation (Kleiman et al. 1991; Reading et al. 2013), previous life experiences could also play an 

important role in survival. Hence, different responses depending on whether the individuals were 

wild-caught or captive-born (Jule et al. 2008; Wolf et al. 1996) could be expected. Although no 



 

evidence is available for our study monkeys, it is possible that some individuals in our group had 

enough previous experience in the forest, increasing their chance of survival.  

 

On the other hand, habitat suitability (including availability of food and shelter, presence of 

competitors and predators, human proximity, climate, among others) is another widely known 

variable determining survival and establishment of reintroduced animals (Griffith et al. 1989; 

IUCN 1998; Stone and Guy 2017). Effects on activity patterns due to environmental fluctuations 

or habitat quality, such as increasing daily movement and foraging times during scarcity, have 

been registered for several primates such as velvet monkeys and macaques (Riley 2007; Stone and 

Guy 2017). Ateline primates for instance, have shown increased social interactions during fruit 

abundance (Stevenson et al. 2000). Therefore, low habitat quality is undesirable for reintroduction 

programs since it may influence animal welfare and group associations, while also increasing 

dispersion risk (Cowlishaw and Dunbar 2000; Griffith et al. 1989; Stone and Guy 2017).  

 

The strong positive correlation we found between fruit production and post-release survival agrees 

with the relevance of high-quality habitat for reintroduction success. In the present study we 

performed reintroductions at two different places. Although carefully selected criteria were applied 

and all groups were provided with food support after being released, there were clear 

environmental conditions that seemed to affect the establishment of the first group in the sub-

Andean primary forest, in contrast to the second and third group released in gallery forest. These 

included low temperatures during the night and difficulty to find high quality food sources, 

probably due to low forest productivity. Consequently, we selected a new release site with 

environmental conditions that could favor the establishment of the reintroduced woolly monkeys. 



 

At each site, we estimated yearly fruit production with a total amount of 350 kg/ha.yr in Guacharos 

Puracé and 1200 kg/ha.yr in Rey Zamuro. Higher survival periods and more cohesiveness were 

registered at the latter, which supports suggestions by Ramirez & Stevenson (2020), who propose 

an amount of 400 kg/ha.yr as the minimum productivity aimed for reintroduction areas, since this 

may facilitate an effective nutritional ingestion and reduce potential intragroup competition, and 

the subsequent dispersion risk.  

 

When analyzing the survival of the subspecies at the two release sites, we expected an effect 

associated with potential responses of the populations to the extreme environmental conditions 

(temperature and rainfall). However, we found no evidence of higher survival for individuals 

reintroduced in the site with environmental conditions similar to the original distribution of the 

population source (based on coat color, Botero et al. 2010). We are aware about our limited data 

set, and call out for further research to assess potential differences in adaptation capability. 

Nevertheless, our results so far indicate that general high-quality habitat, could favor the stress 

response and adaptation ability of the individuals (Morgan and Tromborg 2007; Roland et al. 2016; 

Stone and Guy 2017) overcoming some ecological constraints. Pre-release monitoring is 

recommended to assess the suitability of the reintroduction areas (Beck et al. 2007; Cheyne 2006; 

Nichols and Armstrong 2012).  

 

Concerning post-release monitoring, assessing the performance of the population, reducing post-

release mortality, and evaluating impacts on the recipient ecosystem (Armstrong and Reynolds 

2012; Guy and Curnoe 2013; IUCN 2013; Nichols and Armstrong 2012) are factors demanding 

more attention to ensure survival. Furthermore, while providing animals with food after release 



 

may influence translocations and reintroduction success (Bradley et al. 2005; Parker 2008), we 

recommend food support to be provided at least until the fruit production peak is reached, in order 

to increase suitable nutritional intake. 

 

In conclusion, the data suggests that body condition of the selected animals and fruit production at 

the release area are the most likely factors determining post-release survival of reintroduced woolly 

monkeys, increasing the initial success of the program. We also identify captive conditions and 

the display of natural behaviors as variables influencing the survival of the individuals, 

highlighting the importance of the rehabilitation stage. So far, we found no differences between 

the two subspecies concerning adaptation ability to new environments. Although rehabilitation of 

primates is challenging, and reintroduction processes may involve high mortality rates; proper 

procedures may be useful alternatives for increasing the welfare of captive animals. Most relevant, 

it seems an effective conservation strategy for threatened species. Further studies are needed to 

monitor the fate of released woolly monkeys and to fully understand the impacts of this process 

on the recipient ecosystem.  
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Appendix 1. List of the analyzed variables for the rehabilitated and reintroduced woolly monkeys.  

ID 

Body condition 

(weight/arm 

length) 

Mean 

temperature 

°C 

Mean 

productivity 

(kg/ha.month) 

Enrichment 

index 

captivity 

Enrichment 

index 

rehabilitation 

Rehabilitation 

(months) 

Survival 

(months) 

Activity 

X2 

captivity 

Activity X2 

rehabilitation 

Activity X2 

reintroduced 

Amalia -0.96 1.35 -1.66 -1.1 -1.06 0.85 -0.44 1.01 0.88 1.74 

Aurelio  -0.93 1.35 -1.66 -2.4 -1.06 0.7 0 0.9 0.68 NA 

Hodor  -0.8 1.13 -1.49 -2.7 -1.52 0.6 0.85 1.75 1.86 1.61 

Lara  -0.78 1.35 -0.97 -1.37 -2.1 0.3 0.9 NA 1.16 1.29 

Loui  -0.99 1.35 -1.66 -2.4 -1.06 0.7 -1.18 0.95 1.03 NA 

Lua  -0.93 1.35 -0.97 -1.6 -2.1 0.3 0.9 0.86 1.31 1.25 

Micaela  -0.77 1.35 -1.03 -2.4 -1.06 0.7 1.32 0.73 1.17 1.02 

Piston  -0.8 1.35 -0.97 -1.52 -2.1 0.3 0.9 1.75 1.4 1.05 

Rayita -0.92 1.08 -1.35 -2.22 -1.52 0.48 0.3 1.14 0.8 1.4 

Tiryon  -1 1.07 -1.49 -2.22 -1.52 0.48 0 1.23 0.68 1.5 

Yara  -0.85 1.36 -0.92 -1.52 -1.06 0.85 0.7 0.79 1.09 1.12 



 
 

 

Appendix 2. Correlation coefficients between the independent variables included in the 
analysis of post-release survival of reintroduced woolly monkeys in Colombia.   
 

                              EE: enrichment index, cap: captivity, rehab: rehabilitation 

 

Appendix 3. Logarithmic regression between post-release survival and the activity X2 value 
for the reintroduced woolly monkeys.  
 

 

 

 

 

 

 

 

 

 

R2 =0.59, p=0.015 



 
 

 

General Conclusions 

Among the efforts to recover and maintain natural primate populations, relocation programs 

including reinforcement and reintroduction are widely known as important conservation tools 

(Britt et al. 2004; Caldecott and Kavanagh 1983; D. G. Kleiman and Mallinson 1998; Tricone 

2018). Since the documented start of reintroduction biology in the 1970s, there has been 

important progress in this field (IUCN/SSC 2013). However, despite the multiple efforts there 

is still wide information gap due to lack of long-term monitoring and that unsuccessful programs 

are not usually published (Estrada 2014; Fischer and Lindenmayer 2000), limiting the well-

informed decisions in this topic. On the other hand, due to the large differences in life history 

traits among taxa, the multiple negative implications that captivity involves, and the vast series 

of novel events face by released individuals (Estrada 2014; Guy and Curnoe 2013; Hosey 2005; 

Kleiman 1989; Morgan and Tromborg 2007), finding specific factors determining the success of 

translocation programs is a real challenge, that needs to assessed at multiple levels. Therefore, 

in this dissertation, I examine the physiological and ecological implications of rehabilitation and 

reintroduction of woolly monkeys in Colombia, as a useful model for understanding the 

requirements and ability of threaten captive animals to adjust to novel physical and social 

environments during a reintroduction process.  

 

Chapter 1 was worldwide review on primate relocation, looking for factors determining the 

success of the programs. As previously reported for other groups there is a wide variation in 

results even for programs performed with the same species, limiting the identification of 

variables directly associated to success. Nonetheless, the results highlight the importance of 

releasing large groups of individuals in order to mitigate the negative effects of potential losses 



 
 

 

and to increase the chance of population establishment and growth. Additionally, providing an 

acclimatization period at the release site could be facilitating the adaptation of the animals to 

novel environments and might reduce the dispersion risk due to manipulation stress. The wild 

origin of the animals as well as their dietary flexibility showed positive tendencies to facilitate 

the adjustment of released animals to new environment, but more information is need. As the 

knowledge gap in reintroduction biology is still critical, there is an urgency for publishing 

reinforcement and reintroduction results, regardless of their degree of success; since it is the only 

way to identify failures and improve conservation strategies. We also emphasize the need for 

long-term monitoring, which requires the articulation of public and private organizations, to 

monitor the establishment of self-sustaining populations. 

 

Chapter 2 focused on the factors determining the abundance of wild woolly monkeys (Lagothrix 

spp.). Based on a positive relationship between fruit production and the abundance of these 

primates, this study also suggests the minimum amount of fruit production able to maintain a 

viable population. The analysis yield an estimation of about 400 kg/ha.yr of fruit needed to 

surpass the 0.5 chance to have a woolly monkey population. Such approximations might bring 

clues about the conditions required to carry out successful relocation programs, in order to 

guarantee a minimum nutritional intake for novel populations at the release site.  

 

In chapter 3, I analyzed the physiological stress response (GCs levels) of two groups of woolly 

monkeys during a reintroduction program in order to determine the main stressor throughout the 

different stages of the process. I also performed a biological validation of the enzyme immune 

assay method (EIA) to confirm cortisol measurements as the most precise way to evaluate 

physiological stress response in woolly monkeys. EIA was a suitable method to be used in 



 
 

 

captive and wild individuals due to the non-invasive nature. The results suggest that 

rehabilitation programs and enriched environments, favor the welfare of the captive woolly 

monkeys thorough the reduction of potential stressful stimulus, resulting in lower glucocorticoid 

levels. In turn, the general well-being of the individuals might be also favoring their adaptation 

ability to changes in the physical and social environment, increasing the chance of success in a 

reintroduction scenario. The evidence also showed that the transition from captivity to wild is 

an important factor increasing the physiological stress response in woolly monkeys. 

Interestingly, individuals showing high cortisol concentrations were among the most likely to 

survive as released woolly monkeys.  

 

In chapter 4, I analyze how variations in animal condition, behavior, rehabilitation process, and 

habitat suitability, influence the survival of reintroduced woolly monkeys in Colombia. The data 

suggests that individuals body condition and fruit production at the release site are the most 

likely factors determining post-release survival of reintroduced woolly monkeys, increasing the 

initial success of the process. Housing conditions and the display of natural behaviors seemed 

also to be influencing the survival of the individuals, highlighting the importance of the 

rehabilitation stage to increase the chance of success of reintroduction programs.  

 

In the first complementary material I included a characterization of the communities of 

gastrointestinal parasites in captive and in wild woolly monkeys, as well as the evidence of 

parasitic change during the reintroduction process, using the fecal flotation technique. The 

results showed that 95% of the samples from captivity were infected with at least one parasite, 

compare to the 77% registered in wild primate samples, indicating higher parasitic prevalence 

in captive than wild individuals. In general, wild and captive woolly monkeys shared many 



 
 

 

groups of parasites (e.g. Strongylidae, Oxyuridae and Entamoebidae) and the overall trend was 

a lower parasite prevalence after release. The consistent difference between captive and 

reintroduced woolly monkeys suggest that factors such as diet, overcrowding, and human 

presence might be the most important factors explaining parasite communities in this primates.  

 

The last complementary material focuses on seed dispersal by four reintroduced woolly 

monkeys, and determines the factors associated to this process. This study was part of an 

undergraduate thesis and the results showed that pulp-seed attachment was the most important 

variable explaining the chance of seed dispersal. The findings suggest that seed dispersal 

depends not so much on a learning process but rather on morphological characteristics of the 

fruit. This is a relevant evidence of potential restoration of the ecological function of 

reintroduced woolly monkeys, since they are performing seed dispersal services in a similar way 

as they do in natural populations.  

 

This dissertation contributes to our understanding of the physiological and ecological 

implications of rehabilitation and reintroduction process of woolly monkeys. It also provides 

important comparative data on the response to reintroduction process, expanding our 

understanding of the factors influencing success. Therefore, these results provide a potential base 

line for additional studies that will continue to our understanding of primate reintroduction as a 

conservation tool. Nevertheless, further studies are needed to monitor the fate and potential 

establishment (long-term survival and reproduction) of the released woolly monkeys. Future 

studies should continue to elucidate the role of physiological stress response on the survival of 

reintroduced individuals. Determining the impact of variations on fruit production on the 

dynamics of reintroduced populations, would be invaluable to the field of reintroduction biology. 



 
 

 

Additional long-term studies documenting seed dispersal and forest regeneration are essential to 

fully understand the impacts of this process on the recipient ecosystem.  

 

Limitations  

We are aware that the results here presented have some limitations regarding the number of the 

individuals, as well as the monitoring time so far, however we expect continuing the monitoring 

and reinforcing the released groups in order to collect more information. Further, wider 

knowledge on individual’s life history might contribute to elucidate potential effects on post-

release survival; however, such information is not available in most cases. Therefore, a rigorous 

development of reintroduction programs is needed to increase the effectiveness and to reduce 

high mortality rates.  

 

Recommendations  

During the development of this project we were also able to develop a series of strategies in 

order to maximize resources, guarantee long-term monitoring and increase the chances of 

success of the program. First, after a large amount of time invested in bureaucratic processes it 

was possible to carry out an articulated work between multiple environmental authorities 

facilitating the consecution of the animals, the medical analysis and the transportation of the 

individuals to the rehabilitation place. In addition, multiple environmental education workshops 

were performed with the community at the release influence area, assessing topics strategically 

designed for adults and children independently.   

 

Finally, the findings presented in this study suggest that although rehabilitation of primates is 

challenging, due to the series of physiological, environmental and social changes face by the 



 
 

 

animals during the transition from captivity to wild; proper procedures may be useful alternatives 

for increasing the welfare of captive animals. Most relevant, it could be an effective conservation 

strategy for threatened species. Nonetheless, considering the high mortality rates reported for a 

large number of captive animals involved this kind of processes, efforts to fight wild life 

trafficking should be the main target for conservationists. 
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a b s t r a c t

Woolly monkeys are threatened and reintroduction projects are an alternative for their
conservation. However, there is little quantitative information suggesting the habitat traits
needed to sustain populations. In this study, we first analyze the factors determining the
abundance of woolly monkeys (Lagothrix spp.) and second, we suggest the minimum
amount of fruit production able to maintain a population. Data was obtained from a
literature review including 50 Neotropical sites, and we added new information from three
more sites recently gathered in Colombian forests. We used simple and logistic regression
models on two scales: large (i.e. all Neotropical sites), and medium (i.e. sites within their
geographic range). On the large spatial scale, the abundance of woolly monkeys was
positively related with annual rainfall, and plant species richness; and negatively associ-
ated with the number of dry months. On medium scales, we found that the most
important variables explaining the abundance of woolly monkeys across scales was fruit
production. The regression models suggest that at least 200e300 kg/ha.yr are necessary to
support a population of woolly monkeys, and according to a logistic regression 400 kg/
ha.yr are needed so surpass the 0.5 chance to have a population. In reintroduction projects,
since it is difficult for new occupants to efficiently use the natural resources, we suggest
that this amount of fruit should be aimed. As fruit production seems to be associated with
high soil fertility (e.g. close to the Andean mountains), this region should be priority for
conservation projects on this species.
© 2019 Published by Elsevier B.V. This is an open access article under the CC BY-NC-ND

license (http://creativecommons.org/licenses/by-nc-nd/4.0/).

1. Introduction

Reintroduction programs are a conservation option for endangered animals, such as primates (IUCN, 2013). For primates,
several factors affecting the success of translocation and reintroduction programs have been identified, including the lack of
natural behaviors, group cohesion and habitat suitability, as well as the amelioration of the threats that initially caused the
local extinction (IUCN, 2013). As reintroduction refers to the release of animals into the former distribution range, habitat
suitability should not be a concern in terms of climatic factors, unless there are sub-populations co-adapted to specific
ecosystems. Neotropical primates rely on fruit sources (Fleagle, 2013) and the abundance in their populations is highly
predicted by fruit abundance (Stevenson, 2001, 2016); therefore, carrying capacity is highly dependent on this factor.
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FIRST RECORDS OF GASTROINTESTINAL PARASITES IN WOOLLY MONKEYS (LAGOTHRIX 
LAGOTHRICHA) IN COLOMBIA, FROM WILD, CAPTIVE AND REINTRODUCED INDIVIDUALS
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Abstract

Interest about parasites in vertebrate populations during translocation and reintroduction programs is increasing; thus, a 
description of parasites in captivity infecting animals to be relocated is necessary.  This study aimed to characterize the com-
munities of gastrointestinal parasites in woolly monkeys (Lagothrix lagothricha) from captive and wild individuals, as well 
as the change in parasite prevalence in four individuals during a reintroduction process.  To accomplish this goal, we used 
a fecal flotation technique to analyze the collected samples.  In captivity, 95 % of the screened samples were infected with 
at least one parasite, while only 77 % of wild primate samples showed infection, indicating higher prevalence in captive vs. 
wild individuals.  Overall, wild and captive woolly monkeys shared many groups of parasites (Strongylidae, Oxyuridae and 
Entamoebidae) and we found a trend of lower parasite prevalence after release in captive individuals.  Our data showed a 
consistent difference between captive and reintroduced individuals suggesting that variables related to diet, overcrowding 
and human presence may be the most important factors explaining parasite communities.

Keywords: conservation ex-situ, woolly monkeys, nematodes, intestinal parasites.

Resumen

El interés sobre el impacto de los parásitos en las poblaciones de vertebrados durante los programas de translocación y rein-
troducción ha aumentado últimamente; esto hace necesario una descripción de los parásitos que infectan a los animales en 
cautiverio que van a ser reubicados.  El objetivo de este estudio fue el de caracterizar las comunidades de parásitos gastroin-
testinales en monos churuco (Lagothrix lagothricha) de individuos cautivos y silvestres, así como el cambio en la prevalencia 
de parásitos en cuatro individuos durante un proceso de reintroducción.  Para lograr este objetivo, utilizamos una técnica de 
flotación fecal para analizar las muestras colectadas.  En cautiverio, el 95 % de las muestras examinadas estaban infectadas 
con al menos un parásito, mientras que solo el 77 % de las muestras de primates silvestres mostraron infección, lo que indica 
una mayor prevalencia en individuos en cautiverio frente a los silvestres.  En general, los monos churuco salvajes y en cau-
tiverio compartieron muchos grupos de parásitos (Strongylidae, Oxyuridae y Entamoebidae) y se encontró una tendencia 
de menor prevalencia después de la liberación de los individuos. Nuestros datos mostraron una diferencia consistente entre 
individuos cautivos y reintroducidos, lo que sugiere que variables relacionadas con la dieta, hacinamiento y la presencia 
humana pueden ser los factores más importantes que explican las comunidades de parásitos.

Palabras clave: conservación exsitu, churucos, nematodos, parásitos intestinales

Introduction

Primates are one of the most important taxonomic groups 
in terms of conservation challenges, due to the danger of 
extinction most of them face (Chinchilla et al., 2005; Es-
trada et al., 2017).  Non-human primates are particularly 
susceptible to parasitic infections because they can get in-
fected from other animal parasites, in spite of not being the 
primary host (Johnson-Delaney, 2009).  In addition, pri-
mates are vulnerable to parasitic infections due to the social 
structure, which facilitates their transmission (Freeland, 
1983).  Habitat fragmentation and population size can 
also compromise the population’s health and increase the 

prevalence and richness of parasites (Gillespie and Chap-
man, 2008; Püttker et al., 2008). That is the reason why 
the prevalence of parasites usually increases in smaller areas 
where the possibility of re-infection is higher caused by an 
unusual increase in primate crowding (Müller, 2007).  This 
is the scenario in zoos and rescue centers, where high popu-
lation densities and poor sanitation favor high prevalence 
of parasites (Guerrero et al., 2012).  

Information about gastrointestinal parasites in Old-World 
primates is well known (Gillespie et al., 2005; Opara et 
al., 2010; Petrezelkova et al., 2010), on the contrary, in 
South America information gaps remain and an enormous 
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sampling effort is needed (Hopkins and Nunn 2007).  
Woolly monkeys (Lagothrix lagothricha) are among the less 
well-known species and to our knowledge, in Colombia 
there are no studies describing gastrointestinal parasites 
either from wild or captive populations.  These primates 
are critically endangered according to IUCN (2008) due 
to hunting pressure and habitat fragmentation that have 
reduced the natural populations of this species to local 
extinction in some areas (Stevenson and Aldana, 2008). 
In this context, the aim of this study is to provide a first 
characterization of gastrointestinal parasite communities in 
Colombian woolly monkeys (Lagothrix lagothricha) from 
captive and wild individuals, and to characterize the para-
site community in four reintroduced individuals.  We first 
evaluated if there were differences in the prevalence of gas-
trointestinal parasites between captive and wild individuals 
to evaluate if they shared the same parasites. Then, we com-
pared these results with parasites found in reintroduced 
individuals into the wild, to assess the potential parasite 
loss or gain after release.  We expected a higher density of 
zoonotic parasites in captive individuals, given their prox-
imity to humans and their limited home range.  Similarly, 
we expected a higher prevalence of parasites in captive pri-
mates compared to released ones as a result of changes in 
population density and diet.

Methods

Study Sites
Fecal samples from captive primates were collected between 
June and November 2015 in two different enclosure sites 
in Colombia.  The first site was Fundación Bioandina lo-
cated at Mesitas, Cundinamarca (4° 34’36.603’’N, 74° 27’ 
3.944’’W).  This captivity site is located at an altitude of 990 
m a.s.l. with a mean annual precipitation of 1,561 mm, and 
temperature ranges between 17.3 – 26.8 °C. (Fig. 1). 

Here we found five individuals, two adult females, one 
adult male, one sub-adult female and one juvenile female 
belonging to two subspecies (Lagothrix lagothicha lugens 
and Lagothrix lagothricha lagothricha).  The individuals 
were found in two small enclosures located side by side per-
mitting contact between them.  The other site was Pereira`s 
Centro de Atención y Valoración (CAV), Risaralda (4° 
48’ 17.176’’N, 75° 47’ 1.687’’W).  This captivity site is 
located at an altitude of 1,411 m a.s.l. with a mean annual 
precipitation of 2,441 mm.  Temperature ranges between 
14.7 – 26.8 °C (Fig. 1).  Here we found four individuals, 
two adult males, one adult female, and one juvenile female, 
also from both subspecies.  All the individuals were located 
in a big enclosure enriched with sticks and planks to en-
courage their locomotion.

Samples from wild individuals were obtained between Sep-
tember 2010 to April 2013 from two groups of wild woolly 
monkeys (L. l. lugens) inhabiting a pristine forest in Parque 
Nacional Natural Cueva de Los Guacharos (PNNCG), 
Huila, Colombia (1° 33’ 0’’ N, 76° 7’ 59.998’’ W).  This 

National Park is located in a montane forest with an ex-
tension of 9,000 hectares with a mean altitude of 2,000 
m a.s.l. and a mean annual precipitation of 3,100 mm; 
temperature ranges between 12 – 20 °C (Fig. 1).  Here we 
found two habituated woolly monkey groups varying in 
size from 18 to 27 individuals. 

Figure 1. Map showing the different study sites where primates 
were sampled.  The shape of the figures corresponds to the three 
different conditions of the sampled individuals.

Regarding reintroduced primates, fecal samples from two 
captive individuals were taken between March and July 
2017 from a captivity site at Teruel’s CAV, Huila (2° 49’ 
53.93’’N, 75° 50’ 0.775’’W).  This captivity site is lo-
cated at an altitude of 910 m a.s.l. with a mean annual 
precipitation of 1635 mm; temperature ranges between 
19.1 – 30.3 °C (Fig. 1).  The individuals shared a big en-
riched enclosure (260 m3) with 10 other primates.  They 
were fed twice a day with a mixture of fruits and veg-
etables that does not correspond to their diet in natural 
habitats.  Individuals were released in August 2017 in 
a biological corridor located at El Pensil, Huila (1° 45’ 
43.949’’N, 76° 17’ 11.68’’W).  This forest is located at a 
mean altitude of 1,850m a.s.l. with a mean annual pre-
cipitation of 2,284 mm, and temperature ranges between 
12 – 20 °C (Fig. 1).  Fecal samples were collected from the 
moment of release through March 2018.  The other two 
individuals were sampled in captivity at Teruel between 
March of 2018 and November of the same year and re-
leased in a Biological Reserve located in San Martín, Meta 
(3° 31’ 6.24’’N, 73° 24’ 11.88’’ W).  This release site is 
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located at a mean altitude of 280 m a.s.l. and a mean 
annual precipitation of 2,513 mm; temperature ranges 
25 – 28 °C (Fig. 1).  Fecal samples were obtained from the 
time of release through April 2019.

Sample collection
Fecal samples were collected immediately after defeca-
tion and to avoid environmental contamination, only 
2 grams of primate feces not in direct contact with the 
ground were sampled in 15 ml Falcon tubes filled with 
10 % formaldehyde.  Tubes were shaken to maximize the 
contact surface between the sample and formaldehyde.  
For each sample, study site, date, time, individual name 
and sex were recorded.  The samples were kept at room 
temperature until transport to Laboratorio de Ecología 
de Bosques Tropicales y Primatología (LEBTYP) at Uni-
versidad de Los Andes, Colombia where they were stored 
until processing. 

Sample processing
Samples were processed at Centro de Investigaciones en 
Microbiología y Parasitología Tropical (CIMPAT) at Uni-
versidad de los Andes, Colombia.  For parasite identifica-
tion, we followed the fecal flotation method suggested by 
Gillespie (2006), using a saline solution calibrated with 
a pycnometer at a specific gravity of 1.28.  One gram of 
each preserved sample was placed in a 15 ml Falcon tube 
filled 2/3 with distilled water and the sample was homog-
enized.  Then the sample was manually centrifuged for 
10 minutes, the supernatant was discarded, and the fecal 
matter was re-suspended with the saline solution filling 
the tube to form an inverted meniscus where a cover slip 
was placed.  After centrifuging manually for 10 minutes, 
the cover slip was removed and analyzed under a micro-
scope using 4x, 10x and 40x magnification.  Eggs, cysts 
and larvae were counted and measured with a microm-
eter. We used a drop of dilute Lugol’s iodine solution 
(20 %) to facilitate the identification of protozoan cysts.  
Photos of representative individuals were taken.

Data analysis
Information of parasite prevalence was defined as the num-
ber of samples infected with one parasite group divided by 
the total number of samples taken in each study site.  We 
performed Chi-square analysis between the prevalence of 
each group of parasites to identify the difference in parasite 
communities between study sites.

Results

A total of 185 samples were collected and analyzed.  From 
these, 43 belonged to wild woolly monkeys, 41 to captive 
and 101 to reintroduced (56 taken when still in captivity and 
28 after release into the wild at Pensil and 17 at San Martín).  
A great variety of gastrointestinal parasites was found: six 
Nematode families (Trichostrongylidae, Oxyuridae, Ancy-
lostomatidae, Ascarididae, Strongylidae and Trichinellidae), 
eggs belonging to the class Cestoda and Trematoda, and one 
protist belonging to the family Entamoebidae (Fig. 2).

In captive individuals at Mesitas and Pereira, we found that 
95 % of the samples had at least one parasite individual (egg, 
cyst or larvae) and 90 % had polyparasitism.  We identified 
five groups of parasites: four members of the phylum Nema-
toda (Trichostrongylidae, Strongylidae, Trichinellidae and 
Oxyuridae) and one protist of the family Entamoebidae. 

Families with higher prevalence were Oxyuridae (83 % of 
samples in Mesitas), and Trichstrongylidae (80 % in Mesi-
tas and 88 % in Pereira).

We found significant differences between samples taken 
from primates in captivity sites (X2 = 76.1, df = 5, p < 0.01) 
due to the fact that Pereira was the only study site where 
family Trichinellidae was recorded.  When prevalence of 
parasitic families between the two captivity sites was com-
pared, we only found significant differences in the Oxyruri-
dae, for which Mesitas had a greater prevalence (X2  = 9.96, 
df = 1, p < 0.05) (Fig. 3). 

Figure 2. Gastrointestinal parasites found in captive and/or wild woolly monkeys. (A) Trichostrongylidae, (B) Oxyuridae, 
(C) Ancylostomatidae, (D) Ascarididae, egg without cortex (E) Ascarididae, (F) Strongylidae, (G) Trichinellidae, (H) Trema-
toda, (I) Cestoda, (J) Entamoebidae.
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Figure 3. Prevalence of gastrointestinal parasites in woolly mon-
keys in each captive site. Mesitas (n = 24), Pereira (n = 17).

Regarding wild woolly monkeys at PNNCG, we found 
that 77 % of the samples analyzed had at least one parasite 
individual.  We identified five groups of parasites: a protist 
from the family Entamoebidae, three nematode families 

(Oxyuridae, Ascarididae and Strongylidae) and one Ces-
tode.  We found that 46 % of the samples had Helminths 
and 42 % Protists.

When we evaluated the samples of the reintroduced indi-
viduals, we found eight groups of parasites, five helminths 
(Trichostrongylidae, Oxyuridae, Ascarididae, Ancylostoma-
tidae and Strongylidae), one protist (Entamoebidae), one 
Trematode and one Cestode.  In both reintroduction sites, 
we found significant differences between captive and released 
individuals (Pensil: X2 = 57.8, df = 8, p <0.01 and San Mar-
tín: X2 = 69, df = 8, p < 0.01) where a prevalence reduction 
was shown in almost all parasite groups.  Based on this result 
we separated the samples in captive and released categories 
for further analysis.  We found an evident reduction of posi-
tive samples for almost all nematodes (X2 = 31.692, df = 8, 
p < 0.01) including families Trichostrongylidae, Oxyuridae, 
Ancylostomatidae and Ascarididae (Fig. 4).

Figure 4. Prevalence of gastrointestinal parasites in woolly monkeys in captive 
(n = 56) and released (n = 45) individuals.

We observed that captive individuals had a higher prevalence 
of nematodes than wild and released ones but no differences 
in the prevalence of protists and cestodes were found.  Also, 
we found that trematodes were present in captive and re-
leased individuals but not in the wild (Table 1).

Table 1. Prevalence (positive samples/total samples (*100)) of 
gastrointestinal parasites in captive individuals in Teruel, wild in-
dividuals at PNNCG and released individuals at Pensil and San 
Martín. 

Captive 
(n = 56)

Wild  
(n = 43)

Released 
(n = 45)

Nematodes 91 % 46 % 45 %

Protists 43 % 42 % 37 %

Trematodes 4 % 0 % 2 %

Cestodes 4 % 2 % 7 % 

Discussion

For the first time, gastrointestinal parasites infecting cap-
tive and wild Colombian woolly monkeys were studied.  As 
expected, many of the parasite families found have been 
reported in the same primate genus (Michaud et al., 2003; 
Larrañaga and Shanee, 2012; Pinto et al., 2013) but we 
found four new parasite records for these primates: Ent-
amoebidae, Trichostrongylidae, Trematoda and Cestoda. 
We found differences between sites where primates were 
held in captivity since the family Oxyuridae had a higher 
prevalence in Mesitas compared to Pereira.  This can be 
explained by the fact that these parasites are transmitted 
mainly by contact between individuals, and overcrowding 
in captivity can promote this behavior facilitating their 
transmission (González-Hernández et al., 2014).  All para-
sites present in Mesitas and Pereira have been commonly 
reported in captivity sites or near urban areas in different 
primate species (Hasegawa et al., 2004; Soto-Calderón et 
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al., 2016) and have been reported in humans, which may 
suggest possible zoonotic infections (Yamashita, 1963; Le-
gesse and Erko, 2004). Parasites found in captivity were 
similar to the ones found in the wild at PNNCG.  Three 
of the five parasite families found there (Strongylidae, Oxy-
uridae and Entamoebidae) were found in wild woolly mon-
keys with the exception of Trichinellidae and members of 
the Trichostrongylidae family that only appeared in captiv-
ity.  Ascarididae and Cestoda were the parasites found in 
the wild that were absent in captivity.  

As for the reintroduced individuals, we found a tendency 
to reduction in parasite prevalence after being released.  
These differences between sites can be associated to higher 
rates of infection in the captivity sites due to overcrowding, 
since primates share the enclosure with other 10 individu-
als.  The higher prevalence of family Trichostrongylidae, 
Oxyuridae, Ancylostomatidae and Ascarididae may be 
because these parasites are geohelminths (Bethony et al., 
2006; Botero and Restrepo, 2015) and infect the primates 
when they come into contact with the floor.  The presence 
of members of the Ascarididae family supports this idea, 
since these parasites need a maturation time in the floor 
before being infective (CDC, 2010).  On the contrary, re-
leased individuals have better chances to explore higher for-
est strata and avoid contact with these parasites. The higher 
prevalence of Oxyuridae may be explained by the reasons 
we mentioned before that these parasites are transmitted 
mainly by contact between individuals.  A similar situation 
has been reported in spider monkeys, where the number 
of grooming interactions was positively correlated to the 
presence of Strongyloides and Trichostrongylus (Rimbach et 
al., 2015).  Fewer encounters with conspecifics can then 
reduce the prevalence of parasites in released individuals 
when compared to those in captivity. 

Another factor that may be influencing differences in 
parasite prevalence is primate diet. Many authors have 
reported a negative relation between the consumption of 
some plants and parasitic infections (Huffman et al. 1997; 
Stoner and González-Di Pierro 2006).  Many of the plant 
families that primates consume in the wild and were not 
consumed in captivity belong to the families Moraceae, 
Rubiaceae, Araceae and Lauraceae, which have been found 
to have deworming effects (Waller et al. 2001; MacIntosh 
and Huffman 2010).  These plant families are consumed 
by woolly monkeys in high and low lands (Stevenson et 
al. 1994 and Ramirez et al. 2014), perhaps a switch on 
the diet in reintroduced individuals promoted a reduction 
in some parasite prevalence’s similar to the ones in wild 
individuals.

Our data showed a consistent difference between study 
sites suggesting that diet, overcrowding and human pres-
ence may be the most important factors explaining parasite 
communities in woolly monkeys in Colombia.  We do not 
consider environmental variables to be playing an impor-
tant role, since captivity sites were different among them, 

but similar in parasite communities; the same tendency was 
found in wild and released individuals.  Due to the fact that 
some parasites were found in captive and released individu-
als, but not in the wild ones, we support the idea of restor-
ing parasite-host balance before releasing the individuals as 
Armstrong and Seddon proposed (2008).  To achieve this, 
it is convenient to reduce the number of individuals in an 
enclosure and limit the contact of the individuals with the 
ground to reduce infection rates and zoonotic infections.  
Additionally, it may be useful to provide the primates with 
deworming plants, mainly those common in the diet of 
wild woolly monkeys prior to reintroduction.
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Abstract 

Woolly monkeys (Lagothrix lagothricha) are endangered because of habitat destruction, hunting, and 

illegal trade, which leads to captive individuals. As survival and reproductive rates are low in 

enclosures, reintroduction has been considered as a conservation strategy that allows the 

reestablishment of populations and the restoration of ecological functions, such as seed dispersal. In 

this study, we report seed dispersal by a group of reintroduced woolly monkeys, and determine the 

factors associated with this process. We assessed the hypothesis that seed dispersal depends on 

inherent factors of their interaction with plants (i.e. pulp-seed attachment and diaspore size), and we 

also examined whether seed dispersal depends on a learning process. In this study, we reintroduced 

nine individuals, but we obtained data just for four survivors at the Rey Zamuro Natural Reserve, 

Meta (Colombia). We found that pulp-seed attachment was the most important variable explaining 

the chance of seed dispersal, as plants with pulp that is difficult to separate from seeds are frequently 

dispersed. We did not find a positive association between the percentage of droppings with seeds and 

time after release; and the young individuals did not show lower capacity of dispersal as old ones. 

Therefore, our results suggest that seed dispersal depends not so much on a learning process but rather 

on morphological characteristics of the fruit. 



Keywords:  Endozoochory, fruit morphology, Lagothirx lagothricha, pulp-seed attachment, seed 

size. 

Introduction 

Anthropogenic disturbances like deforestation for agriculture and livestock, hunting, and 

illegal trade, have reduced natural forest and primate populations around the world (Estrada, 

Garber, Rylands, Roos, Fernandez-Duque, Di Fiore, & Rovero, 2017). Habitat loss and the 

hunting for illegal trade or consumption (Peres, 1999; Palacios, Boubli, Stevenson, Di Fiore 

& de la Torre, 2007), are the reasons why different primate populations are facing local 

extinction and general declines. In many tropical countries, illegal wildlife trade (for 

consumption or domestication) is an attractive commercial asset for vulnerable people (e.g. 

Baptiste, Hernández, Polanco & Quiceno, 2002). In cases of local extinction, reintroduction 

is a good alternative for conservation (IUCN Species Survival Commission, 2013). Some of 

the individuals recovered from illegal markets are taken to wildlife rehabilitation centers 

(Goyes & Sollund 2016; Nijman, Nekaris, Donati, Bruford, & Fa, 2011) where only 

occasionally rehabilitation and reintroduction processes are carried out, because of funding 

and logistic limitations. Sometimes, captive animals show strong imprinting to humans or 

are highly stressed by confinement, resulting in unnatural behaviors and must spend the rest 

of their lives in captivity (Teixeira, De Azevedo, Mendl, Cipreste, & Young, R, 2007). Even 

more, success in translocation and reintroductions processes is usually limited (Beck, 

Rapaport, Price & Wilson, 1994; Fischer & Lindenmayer, 2000; Wolf, Griffith, Reed & 

Temple, 1996), because of the behavioral limitations, predation, and difficulties finding food 

sources in novel environments. 



Reintroduction processes may benefit the released primates and also the ecosystem where 

they are reintroduced. For instance, primates are known to provide control of pests by 

consuming arthropods, limiting the growth of plants, as well as seed dispersal services 

(Trolliet, Serckx, Forget, Beudels-Jamar, Huynen, & Hambuckers, 2016). Many primate 

species feed on fruit, and the large majority of neotropical primates play roles as seed 

dispersers (Fuzessy, Janson, & Silveira, 2018). In this process, the primates get nutrients 

(mainly sugars or lipids) and water from the fruits (Jordano, 1995), while the plants benefit 

from natural enemies and intra specific competition that seeds usually face near parents, and 

from the potential to reach suitable sites for establishment (Howe & Smallwood 1982). 

However, this mutualism may be subject to cheating and there are some plants that do not 

offer nutrients and may be dispersed by mimicking fleshy fruits (Foster & Delay 1998). On 

the other hand, there are animals that may use cheek pouches as storage of fruits, which seeds 

are dropped below or near parental trees after separating the pulp from the seeds (Lambert & 

Chapman, 2005). This behavior can be explained because of reduced energy expenditure 

associated with seed loads, efficient handling time, or decreased predation (Lambert 2005; 

Sterck, Watts & Van Schaik, 1997). For instance, individuals are expected to swallow the 

fruit without spitting the seeds in order to optimize the rate of nutrient ingestion, allowing to 

keep cohesion with other group members. In addition, there are several ways in which plants 

have evolved morphological traits to avoid seed spitting, including strong attachment 

between the pulp and the seed, many small seeds embedded in the pulp, and corrugated seed 

surface (Stevenson, 2011). According to these ideas, seed dispersal is in part due to the 

evolution of features that preclude cheating by frugivores, but diaspore size may constrain 



the capacity of animal swallowing, as there is a positive relationship between maximum seed 

size and the body weight of frugivorous (Ramirez & Stevenson, 2020)  

From studies in natural populations, it is known that neotropical primates swallow many 

seeds and usually disperse seeds away from parental plants (Fuzessy, Janson, & Silveira 

2017). Few species are consistent seed predators, mainly in the Pithecinae sub-family (van 

Van Roosmalen, Mittermeier & Fleagle, 1988; Norconk, Wertis & Kinzey, 1997). In 

addition, the germination of dispersed seeds is high (Stevenson, Castellanos, Pizarro & 

Garavito, (2002); Fuzessy, Cornelissen, Janson & Silveira, 2016) and many seeds are 

deposited in sites where the plants may recruit (Russo, Portnoy & Augspurger, 2006; 

Stevenson, 2004). However, for some species that are specialist in a particular forest type, 

their moving behavior will determine the number of seeds reaching adequate habitats.  

Woolly monkeys are one of the largest neotropical primates, weighting 6-9 kg as adults, and 

disperse seeds of hundreds of plant species (Stevenson, 2000; Dew, 2005, Gonzalez & 

Stevenson 2014). As they are generalist fruit consumers (Stevenson, 2004), the number of 

plant species gaining seed dispersal benefits depends on overall plant diversity (Ramirez et 

al. 2014). In a two-year study, woolly monkeys were observed to eat fruit from 166 species 

and 147 of them were confirmed to be dispersed 89% (Stevenson, 2007). In addition, of 37 

species that were not found in fecal samples, 13 species were predated (including 4 wind 

dispersed species), 12 species had very large diaspores to be swallowed, 10 were rarely 

consumed and were likely to be dispersed, 2 were consistently dropped below parental trees 

(Stevenson, 2007). At the individual level, focal woolly monkeys defecate on average 5.8 – 

15.2 times each day, with a variable number of seeds (mean: 3.2 – 11.9, but up to 1,500) and 



species (0-9) (Gonzalez & Stevenson 2014). At the community level, the population of 

woolly monkeys usually disperse several hundred seed per km2 each day (Gonzalez & 

Stevenson 2014), and in areas of high population density minimum estimates of 33,000 seeds 

per km2 each day, but correcting for the number of seeds delivered at night and not recovered 

by the observer showed annual means close to 1 million seeds (Stevenson, 2007).  Large 

differences between sites, may be due to the capacity of observers to recover fecal samples 

and by the number of small seeded plants in the diet. Although, a seed is a potential new 

individual, large seeds with reserves survive better in shaded environments as small seeds 

(Baraloto, Forget, & Goldberg, 2005) thus the establishment of seedlings depends more on 

the biomass of dispersed seeds than in their quantity (Stevenson & Guzman, 2013). However, 

few studies have combined these factors to describe which species will be better dispersed 

than others. 

In this study, we tested the hypothesis that seed dispersal is related to morphological 

conditions inherent to the plant species involved. A prediction from this hypothesis is that 

seed dispersal would be likely for seed with strong pulp-seed attachment (Stevenson, 2011), 

but that large seeds will not be dispersed due to gut size limitation (Stevenson, 2005). The 

alternative hypothesis that seed dispersal is an acquired behavior was also examined. In this 

case, juveniles and individuals without parenting in their natural habitat were predicted not 

to be able to accomplish seed dispersal processes. Under this alternative hypothesis, it was 

also predicted that proportion of droppings with seeds will increase after their release in the 

wild, assuming that individuals may learn from the behavior of other individuals or other 

primate species.  



Materials and methods 

The reintroduction of two groups of primates of woolly monkeys (Lagothrix lagotricha) was 

carried out in the natural reserve Rey Zamuro, San Martin in the Department of Meta, 

Colombia N 03°32'44.8'' W073°23'55.7''. The first one, with six individuals, took place on 

November 2018, and the second one, with three individuals, on November 2019. The sample 

size changed during the study because of natural effects like predation or disappearance.  

Study site:  

The study took place between November 2018 and March 2020 in Rey Zamuro, a reserve 

that was established in 1998. It has 300 ha of protected area (Sandino, 2006) and the average 

annual precipitation is 2513 mm and mean temperature is 25,6°C (IDEAM, 2019). The study 

site primarily represented by pastures, natural savannas, and gallery forests.  

Study individuals:  

Data was collected from two individuals in the first release: Micaela, an adult female from 

which information was collected during the sixteen months; and Yara, an adult female from 

which information was collected until March 2019, when she was predated. For the second 

group, an in-situ rehabilitation was carried out from September 2019 to November 2019 

when the liberation into the wild took place. The members of this group were: Lara, an adult 

female which soon disappeared (allowing a very low sample size to be included in the study); 

Piston and Lua, an adult male and a sub adult female from which information was collected 

for four months.  



Field protocol:  

We carried out behavioral observations on focal reintroduced individuals (Altman, 1974) 

with a total of 1176 h of focal samples. When the focal sample was feeding on fruit we 

recorded the following information: plant species, number of minutes spent feeding, and 

whether the fruits were ripe or unripe (Stevenson, 2003). The feeding time of each food item 

was quantified as the interval in which the focal animal reaches a food patch until it leaves 

or ends its activity (Stevenson, Quinones, & Ahumada, 1994) We identified species using 

regional guides, our knowledge, and in some cases, we collected vouchers for latter 

identification. The feeding rates for each plant species were estimated based on total feeding 

times and the number of fruits ingested by each individual over a period of 30 s (Stevenson, 

2011). 

We collected depositions of the focal individuals whenever it was possible, we stored feces 

in marked plastic bags, and we counted and identified all the seeds after washing the samples 

in a sieve with a mesh of 0.5 mm aperture. We managed to collect 260 fecal samples, 138 

from Micaela, 36 from Yara, 43 from Piston, and 39 from Lua. However, only seeds 

exceeding 4 mm of width were used for analysis, given that quantification of the smaller 

seeds is uncertain (Stevenson, 2007). We estimated the total number of seeds dispersed by 

woolly monkeys including two correction factors: the diurnal unrecovered fecal material and 

the nocturnal depositions (Stevenson, 2007). Additionally, an analysis of the dispersed 

species was made. For every seed, we recorded its sized, the pulp-seed attachment and the 

number of seeds per fruit. Moreover, seed dispersal rates were calculated for each individual 

as the number of samples with seeds divided by the total number of samples collected, in 



terms of percentage (% DS). We also used a seed dispersal index (SDI), to compare between 

plant species. This index was based on seed dispersal quantity (number of seeds of species i 

divided by the total number of seeds dispersed), dispersal dominance (biomass of seeds of 

species i divided by the total biomass of dispersed seeds), and dispersal frequency (number 

of droppings with seeds of species i divided by the total number of droppings).  

We estimated the number of manipulated seeds of each plant species by multiplying fruit 

feeding rates by the average number of seeds per fruit of each species (Stevenson et al., 2000). 

Finally, in order to make an approach on the woolly monkey’s selectivity on the fruits, we 

quantified the pulp-seed attachment (how difficult to separate the pulp from the seed is) as 

the time to separate 1 g of pulp from the seeds (as an average necessary to clean all the seeds 

of each fruit), using a pocket knife and tweezers (Stevenson, 2011). Subsequently, we used 

the dry pulp weight to calculate the attachment index, which is the time necessary to get 1 g 

of pulp out of the seed.  

Analyses:  

We calculated the chance of dispersal for 20 plant species as the residuals from the 

relationship between the estimated number of seeds manipulated based on focal observations 

and the number of seeds found in feces (Figure 1). Therefore, species with a high chance of 

seed dispersal are represented by the points far above the regression line. In contrast, species 

with a low chance of seed dispersal by woolly monkeys are represented by the points below 

the line, due to the fact that they were not dispersed in the amount expected from then 

manipulation. Then, the residuals from this relationship were used as proxies of probability 



of dispersal, and included as the dependent variable in further analysis. For this purpose, we 

used the seed-pulp attachment index, seed width, and feeding rates as independent variables 

in simple and multiple regression analyses to explain the chance of dispersal. We also made 

a nonparametric ordination to characterize dispersion and diet data between individuals. For 

this purpose, we used a matrix of feeding times for each individual and each plant species 

dispersed.  

 

Figure 1: Relationship between the estimated number of seeds manipulated based on focal 
observations and the number of seeds dispersed by reintroduced woolly monkeys (Lagothrix 
lagothricha) at the natural reserve Rey Zamuro- Meta, Colombia  

 

Results 

Seeds of at least 25 plant species were found in fecal samples. The rate of seed dispersal did 

not vary significantly between individuals (Table 1). In terms of seed numbers, the most 

dispersed species were all small seeded plants (e.g. Bellucia grossularoides, Hieronyma 

alchoneoides and Ficus spp.). In terms of biomass, the most important species were 



Sarcaulus cf. brasiliensis and Pseuldolmedia laevis. These two species were also the most 

frequent in fecal samples, along with seeds of Hieronyma alchorneoides and Ficus species. 

Overall, according to the importance index, the top species included Sarcaulus cf. brasiliensis 

and Pseuldolmedia laevis for their rankings in biomass and frequency, as well as some small 

seeded species for their contribution in seed numbers (such as Ficus spp. and Hieronyma 

alchorneoides) (Table 2). However, not all the seed species found in feces were present 

during focal samples (such as Rollinia, Diospyrus sp.) (Table 1).  

Table 1: Dispersion rate for each individual 
included in the analysis, calculated as the 
number of samples with seeds of each individual 
divided by the total samples collected (n = 
sample size).  

 

 

The chance of dispersal was positively associated with the seed pulp attachment index 

(Figure 3a). On the other hand, seed width and feeding rates were not related to the chance 

of dispersal (Figure. 3b). For all the species analyzed, we also found an attachment index 

greater than 800 s/g. In contrast, for the species with the lowest chance of dispersal, 

attachment index was lower than 750 s/g except for one (Table 3). 

Individual n Age 
Dispersion 

rate 

Micaela  138 adult 0.82 

Yara 36 adult 0.61 

Piston  43 Sub-adult 0.81 

Lua  39 juvenile 0.87 



 

Figure 2: Relationship between the chance of seed dispersal by woolly monkeys and four 
variables suspected to affect legitimate dispersal: a attachment index, and b seed width.  

 

In general, we found that individuals spend similar time intervals feeding on the same 

families and species plants. The differences found in ordination, correspond mainly at the 

seasonal differences in fruit productivity when each individual was observed (Figure 3). For 

instance, Yara was never observed at the same time as Piston and Lua, while Micaela shared 

some periods with all other woolly monkeys. In fact, the only monkeys that were shared 

exactly the same sampling periods (Piston and Lua) were very close in the ordinations. 

Finally, we did not find a positive relationship between the seed dispersal rates and time after 

release (F = 0.16, d.f.  =1, 11, p = 0.70). Although this rate increased after release, it decreased 

reaching minimum values after one year, and then increasing again (Figure 4). 

b 

R2 = 0.35, p = 0.00 

 
R2 = 0.02, p = 0.60 

a 



 
 

  

 

Figure 3: Nonparametric ordination for: a The total number of seed dispersed of each plant 
species for four individuals, b the feeding time of each plant family for five individuals. 



 
 

Table 2: Plant species dispersed by woolly monkeys represented by dispersal index 
associated with the number of the seeds, which is actually a correction based on Stevenson 
2007. The total biomass dispersed, which is the total number of seeds dispersed multiplied 
by the seed weight. And the deposition frequency explained before.  

 

 

 

 

 

 

Plant species number % No. Biomass % Biom. 
No. 

droppings 
% 

Freq. 
Dispersal 

Index 
Sarcaulus brasilensis  145 2.9 86.7 46.7 52 20.0 69.6 
Ficus sp 2006 40.7 0.3 0.2 23 8.8 49.7 
Hieronyma alchorneoides 1034 21.0 9.8 5.3 21 8.1 34.3 
Bellucia grossularioides  897 18.2 0.0 0.0 10 3.8 22.1 
Pseudolmedia laevis 111 2.3 14.0 7.5 24 9.2 19.0 
Dipteryx cf. micrantha 15 0.3 18.0 9.7 10 3.8 13.8 
Paullinia spp. 58 1.2 11.1 6.0 17 6.5 13.7 
Byrsonima crispa  44 0.9 10.1 5.4 19 7.3 13.6 
Eugenia sp 193 3.9 2.2 1.2 15 5.8 10.9 
Protium glabrescens  51 1.0 11.7 6.3 8 3.1 10.4 
Inga alba  55 1.1 8.1 4.4 5 1.9 7.4 
Couma macrocarpa  39 0.8 2.0 1.0 11 4.2 6.1 
Cecropia sciadophylla 99 2.0 0.3 0.2 8 3.1 5.2 
Jacaratia digitata 50 1.0 0.7 0.4 10 3.8 5.2 
Souroubea guianensis   47 1.0 0.1 0.1 11 4.2 5.2 
Protium heptaphyllum 35 0.7 3.5 1.9 6 2.3 4.9 
Xylopia polyantha 35 0.7 0.4 0.2 8 3.1 4.0 
Virola elongata  5 0.1 2.0 1.0 3 1.2 2.3 
Nectandra sp 3 0.1 1.2 0.7 2 0.8 1.5 
Clarisia racemosa  2 0.0 1.8 1.0 1 0.4 1.4 
Diospyros sp. 1 0.0 0.9 0.5 1 0.4 0.9 
Protium rohifolium 3 0.1 0.6 0.3 1 0.4 0.8 
Rollinia sp 1 0.0 0.2 0.1 1 0.4 0.5 



 
 

Table 3: Dispersal probability (as the residual from the regression between the number of 
manipulated and dispersed seeds) for the plant species consumed by a group of reintroduced 
woolly monkeys in Rey Zamuro, Meta. The independent variables used to predict dispersal 
probability are also shown. 

Species  
Attachment 

index  
(sec/g) 

Feeding 
time (min)  

Seed 
width 
(mm) 

Dispersal 
probability 
(residual)  

Sarcaulus brasiliensis  1134 817 12 1236 
Protium glabrescens  1072 184 6 803 
Paullinia pachycarpa  11 3 678 
Inga sp. 810 155 4 264 
Jacaratea digitata 955  4 88 
Byrsonima crispa   48 8 54 
Pseudolmedia laevis 130 240 5 37 
Perebea mollis   17 7 -107 
Iryanthera leavis   61 13 -112 
Pourouma minor  19 11 -115 
Guatteria punctata  461 31 5 -124 
Clarisia racemosa  112 15 -184 
Tapirira guianensis  1036 47 5 -196 
Nectandra membranacea 247 223 8 -200 
Couma macrocarpa   115 4  -201 
Oenocarpus bataua 264 171 18 -202 
Virola flexuosa  533 157 12 -212 
Hymenaea oblongifolia  740 320 11 -311 
Enterolobium schomburgkii 85 169 5 -956 
Bellucia grossularioides  498 <4 ** 
Cecropia sp                                                  3466 36 <4 ** 
Eugenia biflora 3886  <4 ** 
Ficus sp 24870 22 <4 ** 
Hieronyma alchorenoides 1420 162 <4 ** 
     

** Seeds less than 4mm in width were not included for analysis. 

 

 



 
 

 

Figure 4: Variation of seed dispersal rates as a function of time after release. The fitted 
polynomial function explains 66% of the variation (F = 5.94, d.f.  =3, 9, p = 0.027). 

 

Discussion  

The main finding of this study is that reintroduced woolly monkeys perform seed dispersal 

services in a similar way as they do in natural populations. In addition, our results support 

the hypothesis that plants have evolved mechanisms to be dispersed, since the attachment 

index was the most influential factor affecting the chance of seed dispersal by reintroduced 

individuals, as has been found in natural populations (Stevenson 2011). A strong pulp-seed 

attachment makes difficult to discard the seeds, forcing the monkeys to swallow the whole 

fruit. There are several mechanisms that make pulp-seed separation difficult, such as thin 

pulp layer, small seeds embedded in the pulp and strong seed attachment (Stevenson, 2011).  

Most of the species used for fruit consumption were dispersed 78% and many of the species 

registered are known to be in the diet of natural populations (Stevenson 2002). Nonetheless, 

data suggest that the reintroduced individuals did not have the same preferences at all times. 



 
 

For instance, the individuals consumed fruits of the genus Virola, which are rare in woolly 

monkeys’ diet, during the early stages of wildlife, but they later avoided such fruits. However, 

we think that seed dispersal and wildlife diet are not learned behaviors. On the contrary, they 

depend on factors intrinsic to plants. This is why all individuals started feeding from forest 

fruits and dispersing seeds soon after their release. It must be noted that, during this time, the 

monkeys were also provided with fruits by the researchers, meaning that individuals did not 

feel the urge to seek for food in their early wildlife. The oscillatory nature of seed dispersal 

rates, suggest that fruit production is variable in the habitat, and perhaps this is the main 

reason for the variation.   

The data collected on an earlier reintroduction in El Pensil, Huila, agrees with our suggestion. 

In this project, 14 different families of plants were reported as part of the primates’ diet, and 

3 genera (Rollinia, Palicurea, and Cissus) were found to be dispersed by released woolly 

monkeys. These results support the idea that reintroduced individuals do not learn to feed 

and disperse seeds, but depend entirely on the forest’s resources and inherent plat traits force 

them to disperse the seeds. It was also usual to find samples with large amounts of seeds of 

Sarcaulus brasiliensis and Pseudolmedia laevis, which are abundant fruit resources at the 

liberation site. 

As we might know, large frugivorous as woolly monkeys are important for large-seeded 

plants dispersion. For this reason, the local extinctions of these species followed by the 

reduction on frugivorous abundance, can have greater consequences on dispersal dynamics 

(Peres & Palacios, 2007). Hence, programs such as reintroductions should be highly 

supported because it helps to restore biodiversity and ecological processes (Seddon, Griffiths, 



 
 

Soorae, & Armstrong, 2014). Also, it has been demonstrated that large frugivorous 

reintroduction might help the reestablishment of seed dispersal in different plant species 

(Mittelman, Kreischer, Pires, & Fernandez, 2020) 

Overall, we conclude that reintroduced woolly monkeys disperse seeds, and they may play 

relevant roles in plant recruitment in the release sites. Given that the same factors are 

affecting the chance of dispersal in natural and reintroduced populations (i.e. seed-pulp 

attachment), it is likely that this seed dispersal service will be provided in programs using 

released animals. We found no support for the idea that monkeys need to learn how to 

disperse seeds and our results support the idea that woolly monkeys are generalist consumers 

that usually disperse seeds from the plats that they consume, which tend to be the most 

abundant in the forest (Stevenson 2004).  
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