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ABSTRACT  

Name: Ryan Belmont        Major: Biology   

Minor: Animals, Society, and 

Culture  

A Conservation Model:  

Costa Rican conservation strategies effectively preserve their threatened primates.  

Advisor’s Name: Amy Schreier Ph.D.  

Reader’s Name: Mike Ghedotti Ph.D.   

The wildlife of Costa Rica has experienced various anthropogenic threats over the last 

century including climate change and agricultural expansion. The mantled howler monkey 

(Alloutta palliata), Central American spider monkey (Ateles geoffroyi), white-faced capuchin 

(Cebus imitator), and the Central American squirrel monkey (Saimiri oerstedii) are Costa Rica’s 

native primates that face several anthropogenic threats such as deforestation for agriculture and 

climate change. In response to increased threats to its four native species of non-human primates, 

Costa Rica has implemented effective governmental conservation tactics such as the Payments 

for Environmental Services program, ecotourism within protected areas, and various laws 

implemented to protect and preserve these primates and ensure a balanced rainforest ecosystem. 

Through the analysis of these conservation efforts made by the Costa Rican government and 

local organizations, this thesis aims to challenge primate conservation tactics in other countries 

hosting nonhuman primates to reform current regulations and implement new standards to 

protect their native primate species whose current populations have been recognized as having 

conservations statuses that range from “vulnerable” to “critically endangered” through the 

example of Costa Rican tactics and implementations.  
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Introduction  

Costa Rica is one of the most biodiverse places on earth, approximately containing nearly 

6% of the world’s biodiversity and accounting for nearly half a million species (Johnston, 2022). 

Among these species, Costa Rica is home to four native primates known as the Central American 

squirrel monkey (Saimiri oerstedii), the white-faced capuchin (Cebus capucinus imitator), the 

mantled howler monkey (Alouatta palliata), and the Central American spider monkey (Ateles 

geoffroyi), facing various anthropogenic stressors such as deforestation and climate change. Due 

to impending environmental threats that Costa Rica has experienced over the course of more than 

a hundred years, the collaboration of the Costa Rican government and various organizations have 

implemented many laws and regulations in order to prevent and combat the destruction of natural 

habitats and the organisms that they contain. One of the first major steps towards the country’s 

conservation tactics was the creation of the first national park within Costa Rica, Poas Volcano 

National Park, in 1970. Due to the beauty and uniqueness of Costa Rica’s landscape, this 

national park allowed visitors to see and support its protection through donations that enabled the 

creation of more national parks throughout the country (University of Michigan). Now Costa 

Rica contains 29 national parks that cover over more than 25% of the land mass of the country 

itself, making it the country with largest percentage of protected areas (Global Alliance of 

National Parks).   

Another notable conservation policy, first started in 1966 within Costa Rica, is the 

Payments for Environmental Services (PES) Program. Through this program, landowners are 

paid for the ecosystem services that their land provides, as well as for dedicating their 

environmental practices to sustainability and conservation (United Nations Climate Change). 

Ecosystem services such as the protection of wildlife biodiversity and sustainable land practices 
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are just some tactics that landowners have the opportunity to be paid for (Rodricks, 2010). By 

committing to several different sustainable forest management contracts, often for periods of 15 

years, landowners can receive up to $537 per hectare for their service to the protection of Costa 

Rica’s natural environments (Malavasi & Kellenberg, 2002). The need for these services became 

vital when Costa Rica began losing significant percentages of their tropical rainforests each year 

due to deforestation (Pearce, 2023). These tactics and services, along with various other efforts, 

have played major roles in protecting and restoring the landscapes and biodiversity of primates 

within Costa Rica after its rapid destruction began with agriculture. The collaboration between 

governmental regulation and the Costa Rican population has been a vital contributor to the 

success of restoration which makes Costa Rica a valuable template for other regions containing 

similar primates and ecosystems.   

The planned creation of The Electric Passenger Train of the Greater Metropolitan Area of 

Costa Rica reveals Costa Rica’s major step forward in lessening carbon emissions that contribute 

to climate change (UNEP). This project will not only decrease the country’s overall emissions 

but will also create many employment opportunities for the nation’s citizens (Central American 

Bank). Costa Rica’s Nationally Determined Contribution plan in alignment with the Paris 

Agreement of 2015 to keep emissions low enough to follow the 1.5-Celsius temperature 

trajectory has led to the creation of many laws and regulations that limit and restrict certain 

practices that significantly contribute to the climate change crisis. By creating guidelines and 

timelines pertaining to national emissions goals, it has given the nation accountability in their 

own role towards lessening the overall global emissions (Contribucion Nationalmente, 2020).   

Through efficient efforts Costa Rica has succeeded in lessening the rates of deforestation 

within the country as well as reversing deforestation itself by reforesting areas to expand overall 
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forest cover that result in increased canopy heights and increase forest areas (Kerr et al., 2003; 

Johnson et al., 2023). The regeneration of tropical rainforests throughout the country has allowed 

wildlife populations that were once significantly affected by the consequences of deforestation to 

rebound (Fedigan & Jack, 2001). Combatting stressors that influence the effects of climate 

change will secure the survival of many species that are sensitive to the changes caused by 

climate changes’ effects on their own ecosystems. Costa Rica’s use of ecotourism is a valuable 

tool in promoting their conservation efforts. By creating new employment opportunities, making 

monetary profit that allows for the continuation of conservation efforts, and the protection of 

ecosystems, ecotourism ensures the success and survival of many platforms that are necessary to 

promoting conservation. Although ecotourism could result in negative consequences if done 

incorrectly, Costa Rica has been able to find a balance that promotes conservation in the least 

invasive form to their wildlife. Because of this, Costa Rica serves as an efficient model for other 

nations hosting native primates in need of enhanced conservation efforts in order to ensure the 

survivability of their species. Through the collective contributions of ecotourism, the PES 

program, Costa Rica’s NDC, and other environmental services previously mentioned, they have 

outlined an adequate template for the conservation of other regions.   
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Chapter 1: Costa Rican habitat structures, economy, and wildlife   

Costa Rica is nearly 21,000 square miles which is only slightly smaller than the U.S. state 

of West Virginia (Figure 1.1). As of 2020, its current human population size was just under five 

million people, which is relatively low compared to other nearby regions (Bateman, 2020). The 

main economic industries for export from Costa Rica include medical instruments, electronics, 

fruit and nuts, and machinery. Exports of agricultural products in Costa Rica reached nearly 

$1.14 billion dollars, where bananas and plantains, coffee, processed and unprocessed fruits and 

vegetables were the main products, making it a substantial contributor to the world production of 

essential agriculture that is vital to its own economy (The Observatory of Economic 

Complexity). The volume of export of both bananas and coffee between 1890-1977 

exponentially rose allowing Costa Rica to produce nearly one fifth of the fruit entering world 

trade (Hall, 1985).     

  

Figure 1.1 Topographic Map of Costa Rica. (Wikimedia Foundation)   
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Although classified as a third world country, Costa Rica is one of the least impoverished 

nations within this category (Evans, 2010). In addition, Costa Rica has the highest per capita 

income, literacy rates, and formal education of all third world countries (Evans, 2010). Much of 

Costa Rica’s opportunity wealth is linked to the distribution of their federal funds via the 

abolishment of their military in 1948. Because of this act by then-president José Figueres, Costa 

Rica was able to put their funds into assets they deemed vital to the integrity of their country and 

the health of its people such as clean water and health resources (Biesanz et al., 1999). One of 

the major uses of these funds is wildlife and environmental conservation (Evans, 2010). Costa 

Rica contains numerous national parks, refuges, and reserves that dedicate much of their service 

to wildlife and environmental conservation in this immensely biodiverse region. Costa Rica 

contains some of the highest biodiversity in the world with species diversity surpassing both the 

United States and Canada combined. This is mostly due to its wide variety of mountain ranges 

(Central, Guanacaste, Talamanca Cordilleras) and what scientists call “the biological bridge and 

filter” (Evans, 2010), connecting a bridged space for species between North and South America.  

Costa Rica contains five life zones. The tropical zones (tropical dry forest, tropical moist 

forest, and tropical wet forest) make up 57.1% of the total area of Costa Rica, the premontane 

zones (premontane moist forest, premontane wet forest, and premontane rain forest) make up 

28.1%, the lower montane zone (lower montane moist forest, lower montane wet forest, and 

lower montane rain forest) makes up 9.1%, the montane zone (montane wet forest and montane 

rain forest) makes up 5.5%, and the subalpine zone (subalpine rain paramo) makes up 0.2% 

(Hall, 1985). Ninety percent of the country lies within humid regions, where precipitation 

surpasses the rate of evapotranspiration (Hall, 1985; Figure 1.1). The mean minimum annual 
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temperature of Costa Rica is 24 degrees Celsius. With tropical zones occupying most of the 

country, the majority of vegetation ranges from semideciduous to dense forest (Hall, 1985).    

Costa Rica’s small land area consists of only 0.03% of the earth’s surface, however it 

holds nearly 6% of the world’s biodiversity making it a location of international priority 

(Embajada de Costa Rica). It would make sense that Costa Rica, meaning “rich coast,” would 

have the richest flora and fauna within Central America. Having the largest area of protected 

land, Costa Rica contains nearly 9,000 species of plants including 800 species of ferns. As for 

fauna, Costa Rica contains around 200 species of mammals including four species of non-human 

primates, 850 species of birds including the great green macaw, around 220 species of reptiles 

including the eyelash viper, 200 species of amphibians including the red-eyed tree frog, and over 

300,000 species of insects including the bullet ant (Costa Rica Guides, 2011). The biodiversity of 

Costa Rica provides a uniqueness to the world that cannot be replaced, meaning that its 

protection is ultimately necessary in order to provide safety and protection to all life within the 

country.  

Costa Rica is home to four non-human primate species including the Central American 

squirrel monkey (Saimiri oerstedii), the white-faced capuchin (Cebus capucinus imitator), the 

mantled howler monkey (Alouatta palliata), and the Central American spider monkey (Ateles 

geoffroyi). The IUCN RedList, which assigns a conservation threat rating to all animal and plant 

species around the world, recognizes the white-faced capuchin and the mantled howler monkey 

as “vulnerable,” and the Central American spider monkey and the Central American squirrel 

monkey as “endangered” (Solano-Rojas, 2021; de la Torre, 2021, Cortes-Ortíz et al., 2021; 

Cortes-Ortíz et al., 2021).   
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Costa Rica’s four primate species are most commonly found within the tropical 

rainforests with the spider monkey preferring older neotropical forests containing larger trees to 

swing from (Chapman et al., 1989). The white-faced capuchin prefers younger, successional 

forests within the neotropical regions and cross through grasslands during the changing seasons 

(Chapman et al., 1989). Mantled howler monkeys inhabit various regions that most often contain 

riparian and rainforests (Chapman et al., 1989), and squirrel monkeys prefer secondary rainforest 

during the highest resource abundance and primary and late successional forest during low 

resource abundances (Boinski, 1987). Within these areas, each species resides within groups of 

10-30 individuals, on average containing more females than males (Chapman et al., 1989).    

The mantled howler monkeys reside in social groups consisting of 13-24 adult males and 

females where male howlers utter deep howls often in defense and to advertise their location to 

other howler groups (Milton, 1980). Howler monkeys have seasonally specific folivorous-

frugivorous diets where the wet seasons provide them with mature leaves and fruits while the dry 

season yields newly budded leaves and flowers which requires them to spend much of their 

activity budget resting to digest the toxins and fibrous compounds within the leaves (Crockett & 

Eisenberg, 1986). Mantled howler monkey groups are spatially cohesive and separate groups 

often come into contact with one another and can even overlap despite them being generally 

territorial (Bolt et al., 2019). Male mantled howler monkeys are often significantly bigger than 

the females and “alpha” males within troops have higher chances of mating with females who 

are at the peak stage of their estrus (Jones, 1985). Contrary to many other primate species, both 

sexes disperse from their natal groups (Azkarate et al., 2015). At Hacienda La Pacifica, Costa 

Rica, 79% of males and nearly 96% of females leave their natal groups, each sex spending at 

least a year living alone before joining another group. This dispersing behavior decreases 
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competition for resources between related individuals, and decreases chances of inbreeding 

(Glander, 1992).  

The squirrel monkey has a diet mainly consisting of insects, though their diets become 

flexible when resource abundance alters during seasonal changes. During the wet season, squirrel 

monkeys consume more fruit as it becomes more available throughout their habitat (Stone, 

2007). Their most preferred insects are orthopterans, such as grasshoppers, and lepidopterans, 

such as butterflies and moths (Lima & Ferrari, 2003). Squirrel monkeys display apparent kinship 

behaviors where individuals who are related are more spatially cohesive with one another than 

those who are not. Females also display more foraging and feeding behavior, seeking out their 

food more actively, and rest less than males (Montague et al., 2014). Troops of squirrel monkeys 

can vary in size depending on the size of the forest in which they reside. Their troops can have 

anywhere from 120-300 individuals in unaltered habitats (Baldwin & Baldwin, 1971). The troop 

often travels as single unit and social hierarchies do not play a dominant factor in their social 

systems, though dominant males rise to a higher rank during mating season while adult females 

make up the core of the social organizations (Baldwin, 1971). Male squirrel monkeys are also 

philopatric, often remaining in their birth group, allowing them to create strong bonds with other 

natal males (Boinski, 2005). The mating season for the squirrel monkeys within troops last 

around 6-8 weeks (Wilson, 1977). The squirrel monkey is the most elusive out of the four 

primates located in Costa Rica and research demonstrates that they can persist in highly 

disturbed habitats (Ceballos et al., 2019). Despite this, some studies have revealed that there are 

less than 4,000 individuals left in the region, with their populations continually decreasing 

(Boinski & Siwt, 1997).   
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The spider monkey has a diverse frugivorous diet where ripe fruits often consist of more 

than half of their total diet, ultimately influencing their habitat use and the range they spread 

across within their communities as seasonal variations alter fruit abundance (Di Fiore et al., 

2008; Wallace, 2006). During the dry season, spider monkeys spend less time feeding than in the 

wet season (Chaves et al., 2011). Spider monkeys display fission-fusion dynamics within their 

groups. Splitting into sub-groups throughout the day allows them to decrease within-group 

competition for resources, especially when resources become scarcer throughout the year 

(Aguilar-Melo et al., 2018). The larger the area of land that the spider monkeys have to inhabit, 

the larger their sub-groups can be due to a vaster quantity of nutritional resources (Symington, 

1988). The majority of their feeding occurs early in the morning and then picks up slightly 

during the evening hours (Wallace, 2001).   

White-faced capuchins are considered the most intelligent New World monkey because 

they exhibit sophisticated social behaviors that include hand sniffing, sucking of body parts, and 

engage in various types of games with their peers (Perry et al., 2003). Young capuchins are 

exceedingly curious, given their intelligence, and exhibit many unique behaviors out of this 

curiosity. They often invent new foraging behaviors, are very observant, and are extremely 

playful with others within their group, allowing their new experiences to mold necessary 

behaviors for survival such as innovation, trial-and-error learning, and social learning (Perry, 

2020). The white-faced capuchins, weighing anywhere from 4 to 6 pounds, most often feed on 

fruits and small insects, but large invertebrates and even some vertebrates make up a small 

portion of their diets when the opportunity presents itself (ACMCR, 2017). Female capuchins 

spend more time foraging than males, focusing on small invertebrates, such as caterpillars 

(ACMCR, 2017; Bergstrom et al., 2018; Mossdossy et al., 2015). Males, on the other hand. eat 
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larger invertebrates and even some vertebrates when available (Bergstrom et al., 2018). 

Capuchins travel in groups consisting of males and females, where the group size ranges 

anywhere from 18 to 20 monkeys (ACMCR, 2017). Males comigrate with related male group 

members, allowing them to form long-term bonds with their kin. The groups contain hierarchies 

consisting of alpha males, who can lead for as long as 18 years, and sire most of the offspring 

within the group as long as there is no genetic relationship between the alpha and the female he 

breeds with (Perry, 2012).   

Understanding the feeding behaviors, group dynamics, and social behaviors of these 

primate species residing in Costa Rica’s tropical rainforest is vital to understanding the 

importance of the environments that they inhabit. As deforestation and climate change continue 

to pressure the natural systems of Costa Rica, the Costa Rican government and organizations 

have been vital contributors to the conservation of these species and their unique habitats. The 

extinction of any one of these primates, after all, could contribute to ecological chaos within 

these sensitive tropical food chains.   
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Chapter 2: Deforestation in Costa Rica and strategies used for conservation  

According to National Geographic, “deforestation is the intentional clearing of forested 

land.” Although deforestation is happening at rapid rates around the world, tropical rainforests 

are being deforested at the most rapid rate. Much of this deforestation is occurring for road 

construction and urbanization, which is causing rainforests to become more vulnerable to the 

outside world (National Geographic). During the time between 1850 to 1980, the world’s forests 

were diminished by 15% in order to clear the land for other uses. During the early 2000’s, 

forested areas around the world were cleared at such a rapid rate that the loss would be 

equivalent to the size of Costa Rica within a single year (Chakravarty et al., 2012). While 

deforestation has struck the world, developed countries in the temperate zone are no longer 

experiencing deforestation at such rapid rates and actually display overall forest growth in some 

areas (Anonymous, 1990). For example, between the years of 1990 and 2015 the United States 

has reforested 26,364,000 hectares of land utilizing methods of natural regeneration, commercial 

plantations, and agroforestry (Pearce, 2021). Along with temperate regions, some tropical 

regions such as areas within Central America have also experienced a decrease in deforestation. 

From the years 1990 to 2000, North and Central America experienced 289 ha of net forest lost 

per year. This decreased to only 10 ha of net forest area lost per year between the years 2000 to 

2010 (Table 1.1).   
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Table 1.1 Net global deforestation change each year from 1990-2010 (Chakravarty et al., 

2012)  

  

Why are tropical rainforests the main target for deforestation around the world? The main 

contributors to this crisis consist of slash and burn farmers, urban developers, ranchers, loggers, 

and commercial farmers (Chakravarty et al., 2012). In fact, cattle ranching makes up a large 

contribution to global deforestation and is often inefficient with its land use since nearly 60% of 

land cleared for cattle pastures is used for grazing (UNEP). A central cause of deforestation 

occurs through slash and burn agriculture where a forested area is burned in order to create 

temporary fertile land for farming. However, once the fertility of the soil at the site is exhausted, 

the location of this farmed land is moved elsewhere and the process repeats itself (Chakravarty et 

al., 2012). Commercial agriculture contributes to the largest portion of deforestation, where 80% 

of the world’s deforestation occurs from this process and animal agriculture accounts for 60% of 

the world’s greenhouse gas emissions (Greenpeace, 2019). In order to produce large quantities of 
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food such as fruits, nuts, livestock, etc., commercial farmers create large plantations by cutting 

down the forest for land to farm. Unlike small-scale farming, commercial farm productions are 

provided for sale by large global markets which requires large amounts of land (Open Geography 

Education). Chemicals used in commercial agriculture contaminates natural water supplies 

which can harm nearby ecosystems and impede the habitats of native organisms (UNEP). Within 

Costa Rica, coffee, banana, pineapple, and sugar plantations make up a large portion of the 

agricultural practices (Celis & Lizano, 1993). As the global population continues to rise, the 

pressure for agricultural expansion grows and expands into forested areas that were once 

unaffected in order to meet the demand for product distribution (Greenpeace USA, 2019).   

Forested areas are also cleared for urban development in order to alter the land for 

commercial uses including industrial development and residential expansion. This 

correspondingly lowers species diversity in these areas and removes the benefits that the once 

forested land used to provide (Zipperer et al., 2012). The logging industry is an important 

economic commodity for many regions, creating jobs and revenue for the areas where logging 

occurs. Companies such as Georgia Pacific substantially influenced the logging industry by 

producing high-quality wood, targeting several tree species types, and projected export around 

the world. The consequence of these logging practices is extreme reductions in forest cover 

causing major environmental damage (Asner et al., 2009).   

A result of this type of expansion is habitat fragmentation. As humans clear-cut trees via 

large scale operations within the rainforest, it creates disconnected fragments within the forest. 

These fragments appear as “mini” versions of the once large and continuous forest. Habitat 

fragmentation occurs when a large, continuous piece of forested area is separated into small, 

discontinuous fragments disrupting the habitats within it (Franklin et al., 2002). In this way, what 
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was once large stretches of forest turn into small patches, creating difficult bridges, or none at 

all, between habitats for organisms residing in fragmented areas. Although fragmentation can 

occur naturally via fires and wind, anthropogenic stressors play a large role in the issue which is 

most often caused by humans clearing the land (Franklin et al., 2002). Habitat fragmentation 

often results in two main issues. First, wildlife populations can become isolated and accordingly 

reduced in size which increases the risk of inbreeding and extinction due to the effects that 

genetic drift holds on small populations. Fragmentation limits the ability for organisms to 

disperse from the fragments, often resulting in inbreeding and the loss of genetic variation 

(Templeton et al, 1990). The other issue is that fragmentation alters the habitat’s landscape, 

varying resource availability which may force populations to modify their behavior in response 

to this change (Lienert, 2004; Bolt et al., 2019).  

Tropical rainforests act as sponges. Deforestation causes increased nutrients into aquatic 

ecosystems since vegetation can no longer uptake these nutrients. Ultimately, this causes a rapid 

increase in nitrification and the leaching of nitrate into aquatic areas (Feller, 2009). During 

extreme rainfall, such as during tropical storms, tree cover assists in slowing stream flows 

created during flooding events by taking up the moisture, which ultimately can’t occur when 

deforestation decreases tree cover within these forests. This correspondingly causes areas 

surrounding the deforested area to flood due to such rapid water loss while also causing extreme 

erosion due to rapid stream speeds. Drought can then occur quickly after due to this same water 

loss. Instead of the forest soaking up the rainfall, it is ultimately lost when it is much needed 

during the dry season. Increased drought leads to a loss of humidity creating a feedback loop 

where decreased evapotranspiration created by humidity decreases future rainfall (Butler, 2019).  
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Deforestation results in habitat destruction for native species. Due to extensive 

deforestation, many species’ survivability is threatened. Studies show that some species in Costa 

Rica such as the Central American squirrel monkey were left with only 31% of their original 

dense forest cover between 1940-1977. The extent of habitat destruction over the years has 

reduced forest sizes so much that some species are expected to become extinct within Costa Rica 

between 50 to 100 years. Some of the most endangered species within Costa Rica include the 

West Indian manatee (Trichechus manatus), the Giant anteater (Mymecophaga tridactyla), the 

Harpy eagle (Harpia harpyja), the American crocodile (Crocodylus acutus), the jaguar 

(Panthera onca), and the White-lipped peccari (Tayassu pecari) (Vaughan, 2011).   

Mantled howler monkeys within Hacienda La Pacifica, Costa Rica, displayed an increase 

in infant deaths after deforestation had occurred in their habitat. Reductions in food availability 

and damaged migration resulted in a decrease in their group sizes (Clarke et al., 2002). In areas 

of high disturbance and deforestation, white-faced capuchins prefer areas with the lowest 

disturbances, forcing them to migrate out of their typical habitat when agricultural practices 

infringe upon their own habitats. Spider monkeys also display lower population density in areas 

of high disturbance and human development, possibly due to the fact that their large body sizes 

cannot be sustained in areas of regenerating secondary forest (Van Hulle & Vaughan, 2009). Due 

to deforestation and habitat fragmentation caused by agriculture, in 1996, only 1,246 squirrel 

monkeys were found in nearly 26 different areas around the country (Boinski et al., 1998). A 

small forest fragment of 15 hectares in La Suerte Biological Field Station, last deforested in the 

1970’s, showed high densities of mantled howler monkeys and white-faced capuchins living 

within the fragment. This was caused by crowding, which could lead to a resource depletion that 

threatens the future survival of these primate populations within the fragment (Pruetz & Leasor, 
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2002). From 2017 to 2022, La Suerte had a population density of 109.5 howlers per square 

kilometer, nearly three times higher than other sites containing mantled howler monkeys (Bolt et 

al., 2022).   

Costa Rica has experienced some of the highest rates of deforestation in the world. Of an 

area of nearly 51,000 square kilometers, 75% of this land contained forest cover in 1940. In the 

beginning of colonialism, Costa Rica was not necessarily considered a region of interest since it 

lacked the desired minerals and resources of many other locations that colonists discovered. 

Spaniards of colonial times were not heavily concentrated in this area which prevented early 

agricultural practices that other parts of Central America began to endure (Evans, 2010). 

Unfortunately, the 1800’s introduced discoveries of the fertile soils that Costa Rica’s volcanoes 

provided, ultimately leading to the expansions of crops around the nation, continually degrading 

forest cover and threatening vital ecosystems (Evans, 2010). The peak of this deforestation 

occurred between 1979 to 1986 (Kerr et al., 2003). Due to the rapid expansion of agriculture, 

logging, and urban development, the cover of forested areas decreased from 59.9% to 40.8% 

from 1960 to 1986 (Allen et al., 2017). At the peak of deforestation, Costa Rica was losing 

nearly 4% of its forested area a year. A major contributor to this deforestation was the cattle 

industry expanding into forested lands and selling more than half of their product to Burger 

Kings by the influence of United States loans to deforest the land. The degradation of this land 

led to many consequences such as droughts, floods, and landslides that motivated a need for 

reform within the country (Pearce, 2023). The result of these threats influenced the development 

of many policies, regulations, and incentive programs to deter further deforestation and restore 

the habitats of Costa Rica.   
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As the global human population rises, the use of natural resources becomes ever more 

prevalent as they have become depleted. Agricultural land and timber extractions continue to 

grow larger and invade the natural habitats of many species, including the primates of Costa Rica 

(Foley et al., 2005). Costa Rica has experienced forest degradation over time due to expansion of 

pineapple, coffee, and banana plantations, fragmenting associated forests (Garber et al., 2010). 

Deforestation was sparked by titling laws during the 1930’s and 1940’s that incentivized 

deforestation; a massive spike in population growth during the 1960’s; and a major increase in 

pastures and plantations (Rodricks, 2010). Rincon de la Vieja, a national park in northwestern 

Costa Rica, has around 8 fragments per 1000 ha, while Cabo Blanco, located on the southern tip 

of the Nicoya Peninsula, has around 2. Located in the Guanacaste Province, Diria has around 5 

and Palo Verde, also located in the Nicoya Peninsula, has around 13 fragments per 1000 hectares 

Barrantes et al., 2016). In an agricultural cover assessment, of 300 agricultural training points 

surveyed, only 23% had more than 0% tree cover which included banana, oil palm, and sugar 

cane plantations (Cunningham & Cunningham, 2020).   

The agriculture of coffee contributes to a portion of Costa Rican agriculture that occurs in 

approximately eight regions spread across the country. These regions include Valle Central, Tres 

Rios, Turrialba, Brunca, Guanacaste, Tarrazu, Orosi, and Valle Occidental. Although the number 

of coffee growers has decreased by 46% from 2010 to 2022, there are 93,697.3 hectares of land 

used for growing coffee (U.S. Department of Agriculture, 2022). Coffee agriculture requires the 

removal of shade trees and increased amounts of nitrogen-based fertilizer in order to facilitate 

growth which results in the leaching of nitrogen into groundwater and into the atmosphere, all 

having consequences for wildlife and habitat structures (Babbar & Zak, 1995). In addition, the 
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expansion of large coffee farms fragments tropical forests, negatively affecting the native fauna 

that rely on connective forests for their survival (Monetero et al., 2021).   

Costa Rica is one of the top producers of the world’s pineapple and there are currently 

65,000 hectares of land used for the production of pineapples within the country (Girres et al., 

2023). Between the years 2000 to 2019, around 6,300 hectares of land were deforested in order 

to facilitate emerging pineapple crops, where most of the expansion occurred in Los Chiles and 

San Carlos, closely bordered to Nicaragua (Girres et al., 2023). The deforestation caused by 

pineapple plantations results in large areas of forest removed to create monocultures which is a 

type of farming that is dedicated to growing a single type of species. Although the process is 

efficient in producing large crop yields, the growth of the same species risks disease pressures 

that can wipe out entire crops and depletes the nutrients within the soils of the growing crops. 

While traditional farming relies on crop rotations to restore the health of soils to continue 

farming year by year, monocultures do not utilize this method. Because of this, once the nutrients 

are depleted, the monoculture is moved to another area, increasing the pressure of deforestation 

to continue growing the crop (Salaheen & Biswas, 2019).   

Along with pineapple, Costa Rica is the second largest producer of bananas in the world 

(Hernández et al., 2000). Banana farming, similar to pineapples, is a major contributor to the 

deforestation of Costa Rica’s tropical forests. In 1992, the Province of Limon removed around 

4,677 hectares of forest to expand banana farming through Corbana, a national banana industry 

(Emaus, 1998). Del Monte, Chiquita, and Dole are now the dominant companies who produce 

bananas within Costa Rica (Banana Link, 2021). Today, 51,800 hectares of Costa Rican land is 

used for banana production which is presently impeding on the habitats of native species and 
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negatively impacting biodiversity due to the fragmentation of forests from deforestation itself 

(Vargas, 2006).   

Due to these disturbances Costa Rica has created nearly 34 national parks, reserves, and 

designated protected areas to conserve the wildlife and ecosystems within the region. These 

areas, spread across the country, are dedicated to the preservation and rehabilitation of wildlife 

and habitat structures (Figure 2.1). For example, core forest cover increased from 66.7% to 

77.1% in protected areas while background areas only increased from 25.1% to 28.1% 

(Cunningham & Cunningham, 2020). Through governmental regulation, 28% of Costa Rica’s 

land mass is designated as legally protected land (Evans, 2010). Type “1” locations include areas 

such as national parks, reserves, refuges, and historical sites that are under strict protection from 

human destruction (Evans, 2010). Type “2” locations have more relaxed restrictions of protected 

locations that “partially protect under certain conditions” when exposed to stressors such as 

tourism and logging activities. This includes circumstantial protection when wildlife and 

watersheds become at risk. Type “3” locations include indigenous and cultural reserves to not 

only protect cultural livelihoods but necessary resources as well (Table 2.1).  
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Figure 2.1. Costa Rican National Parks, Reserves and Protected Areas. (Costa Rica 

Bureau).      

 

Table 2.1. Protected Areas in Costa Rica (Evans, 2010).  
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Costa Rica’s wildlife and environmental structure is mainly controlled by Wildlife 

Management, a government funded body, under the Conservation of Wildlife Act No. 7317 

implemented in 1998 (Sistema Nacional de Areas de Conservación). The purpose of this 

proclamation, along with Costa Rica’s many other laws and regulations regarding wildlife, is to 

serve and protect the flora and fauna within the nation (Sistema Nacional de Areas de 

Conservación). In order to combat illegal pet trade, deforestation, poaching, and excessive use of 

pesticides, Wildlife Management has dedicated themselves to several objectives, including the 

effort to establish a program committed to the creation of Private Wildlife Refuges.  

In response to increased anthropogenic threats throughout Costa Rica and the rapid 

decline in biodiversity over the past century, governmental regulations and conservation 

organizations have made increasing efforts to protect and restore primate populations and 

habitats. By the year 2000, deforestation rates within Costa Rica dropped, with policies and 

regulations having a large sway in the matter (Kerr et al., 2003). In a study conducted throughout 

Costa Rican rainforests, in all areas assessed, regions protected by Protected Areas (PAs) had 

lower deforestation rates than areas that were unprotected (Tafoya et al., 2020). The passing of 

the 1955 Environmental Law 7554 that “mandates a ‘balanced and ecologically driven 

environment,’” the 1996 Forestry Law 7575 which “mandates ‘rational use’ of all natural 

resources and prohibits landcover change in forests,” and the 1998 Biodiversity Law that 

“promotes the conservation and ‘rational use’ of biodiversity resources” all contribute to the 

immense rehabilitation of Costa Rica’s reforestation efforts as well as the monumental decrease 

in deforestation rates around the country (Sanchez-Azofeifa et al., 2007).   

In addition to these initiatives, Costa Rica has begun to increase environmental incentives 

for its human inhabitants. During the 1980’s Costa Rica was experiencing the most deforestation 
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in the world where the country’s forest cover declined from 50% to nearly 26%. Costa Rica 

created the Payments for Environmental Services (PES) Program in 1996, which serves to 

promote rainforest conservation and limit the degradation of forests. Although Costa Rica was 

the first country in the world to implement this program, other regions around the world have 

since implemented PES including Vietnam, China, South Africa, Mexico, Ecuador, and the 

United States (Calvet-Mir et al., 2015). By abiding by sustainable practices and implementing 

conservation techniques, landowners within Costa Rica have the opportunity to be paid for the 

environmental services that their land provides (United Nations Climate Change).   

The Costa Rican government pays landowners directly for the environmental services 

protected and produced by their lands based on their value. These services include protection of 

wildlife biodiversity, sustainable land practices, lessening greenhouse gases, water protection, 

environmental research, protection of wildlife and their ecosystems, and the preservation of the 

beauty of nature for ecotourism (Rodricks, 2010). By incentivizing landowners, the hope for this 

program is to significantly increase the protection of natural systems within Costa Rica and to 

preserve areas that are the most vulnerable to destruction. In interviews conducted across 60 

private nature reserves associated with Costa Rica’s governmental incentive program, 

landowners reported many benefits they could receive for participating in conservation efforts. 

For example, owners of land whose forests provided services like carbon sequestration and 

watershed protection have the opportunity to receive cash payments from the government 

(Langholz et al., 2000).   

The PES program currently contains three types of contracts for landowners. The forest 

conservation contract pays $210 per hectare of land over a five-year period in order to support 

the conservation of primary and secondary forest. This contract, although ending every five 
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years, can be renewed and holds 85% of the contracts within the PES program. The sustainable 

forest management contract pays $327 per hectare to landowners who commit to maintaining 

and creating sustainable practices in their forested land for at least 15 years. Finally, the 

reforestation contracts pay $537 to landowners who commit to at least 15 years of reforestation 

efforts on their land (Malavasi & Kellenberg, 2002).   

Other than incentivization, PES also contains laws to ensure protection of natural systems 

within Costa Rica. The 1955 Environmental Law 7554, the 1996 Forestry Law 7575, and the 

1998 Biodiversity Law make up the legalities of the program, but there has also been many other 

laws that have allowed Costa Rica to maximize environmental protection. The Forest Law No. 

4475 of 1969 allowed reforestation projects to be tax deductible, beneficial conservation 

strategies to undergo tax exemptions, and prohibitions on timber exports and imports on forested 

products. Then, in 1997 the Forest Law No. 6184 placed a 2% minimum on agricultural loans 

that would be allocated to reforestation projects with increased interest rates on agricultural loans 

to be given to these same projects. Finally, the Forest Law No. 7032 of 1986 created certificates 

that incentivized landowners to partake in reforestation of their own properties. Such certificates 

gifted from forest restoration could be sold for profit or to pay taxes (Rodricks, 2010). All of 

these laws ultimately led to the creation of PES.   

Apart from the PES program, the National System of Conservation (SINAC), which 

undertakes the protection and management of wildlife and environmental conservation, created 

The National Biological Corridors Program (PNCB) in 2006. Biological corridors are designated 

territory used as connective paths between protected forested areas in order to allow wildlife 

promised spaces to travel and expanded habitat area. The main objectives for the PNCB project 

include increasing the resilience of protected areas and the pathways that connect them, 
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promoting activism against climate change including mitigation measures and necessary 

adaptations, promoting the integrity of biodiversity throughout the region, coordinating with 

urban development, and connecting the governing models within the plan in order to assist 

society through conservation and sustainability (SINAC).   

Although still in development, Costa Rica currently contains 44 biological corridors 

throughout the country, serving to protect vulnerable species (Figure 2.2). The biological 

corridors within Costa Rica cover diverse landscapes throughout the country, providing adequate 

access to the pathways for the abundant species native to the region. In order to provide 

sufficient pathways, it is essential that corridors connect the fragments with natural cover. With 

this being said, nearly 80% of Costa Rica’s corridors meet this requirement (Morera-Beita et al., 

2021). PES has been a vital contributor to the PCNB project as it has given 52% of its monetary 

resources, between 2011 to 2015, through the incentivization of forest restoration to designated 

corridors, allowing for significant increases in forest cover (Morera-Beita et al., 2015). The 

program is still in the works, meaning that the specific benefits on native species are still 

unknown, but as the program expands, the promise of biological corridors will most likely 

become more prominent.   
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Figure 2.2 Biological Corridors of Costa Rica. (SINAC).  

The various implementations and regulations within Costa Rica have allowed land to 

regenerate over time. A study in Santa Rosa National Park revealed that the regeneration of 

tropical rainforests within primate habitats allowed the howler monkey and white-faced capuchin 

populations to significantly increase in size as the forest regenerated (Fedigan & Jack, 2001). 

Another study found that protected areas of forest had the tallest canopy heights, best fulfilling 

the needs of spider monkeys and mantled howler monkeys. Mantled howler monkeys and spider 

monkeys were more abundant in forests that were larger and had higher canopies, resulting from 

protected areas and incentivized private forests. In addition, areas of privately owned forest with 

incentivization through PES looked more similar to protected areas where the area of the forest 

was larger and had taller canopies, unlike privately owned unincentivized forest (Johnson et al., 

2023). When comparing areas that had a higher percentage of protected land and higher 
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community participation via PES and ecotourism to areas of lower protection and less 

community participation, the areas with more protected land and participation such as Piro 

Biological Station and Manuel Antonio National Park had lower deforestation rates and higher 

primate group encounter rates than the lower protected areas with less community involvement 

such as La Selva Biological Station and Las Cruces Biological Station (Tafoya et al., 2020). This 

reveals that protected areas with community collaboration through PES and ecotourism aids in 

forest rehabilitation and facilitates the survival and prosperity of primate communities. All of the 

efforts made by Costa Rica, both via communities and governmental action, have given the 

primates of Costa Rica a chance to become more resilient and regenerate after the damage 

caused by excessive deforestation during the 1900’s.   

Although the there is much work still to do regarding habitat protection and forest 

regeneration, the PES program and SINAC’s PCNB project are the vital contributors to progress 

being made to protect and safeguard the survival of native species. By finding ways to benefit 

society and nature, Costa Rica’s coordination via the government and public has the best fighting 

chance at providing long-term action and protection for primates. Ultimately, the fight against 

deforestation safeguards the future of Costa Rican flora and fauna.   
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 Chapter 3: Climate change in the tropical rainforests of Costa Rica   

Among the many devastations that the primates of Costa Rica face, climate change poses 

one of the greatest risks to their survival. Climate change induces shifts in weather patterns and 

temperature ranges in tropical rainforests, commonly due to anthropogenic effects, altering vital 

carbon cycles (Kemp et al., 2022). Burning of fossil fuels, deforestation, and overconsumption of 

natural resources - all of which causes sea level rises, ocean acidification, and imbalances in 

natural processes due to anthropogenic activities – are occurring around the world (Ciais et al., 

2020). Changes in seasonality, overall temperature increases, and detrimental impacts on 

vegetation and terrain may require changes in flora and fauna residing in tropical rainforests in 

order for them to persist in their own environment (Rising et al., 2022; Watson et al., 2018). 

Through the use of greenhouse gases which exacerbate climate change, the Earth is expected to 

warm up to nearly 5.8 degrees Celsius by the end of the 21st century and sea levels are to rise up 

to 0.88 millimeters (Ciais et al., 2020; Facchinelli et al., 2022, Suarez et al., 2002).   

As climate change has accelerated, the average annual rainfall within tropical rainforests 

decreased by 1 percent each decade between the years 1960 to 1998, ultimately affecting many 

species within Costa Rican rainforests (Mahli & Wright, 2004). Climate change causes more 

frequent extreme weather events and changes in seasonality within natural ecosystems that can 

devastate vital agricultural locations that are essential for the economic and health sectors of 

human populations (McMichael et al., 2006). Globally, these extreme events include tsunamis, 

droughts, unnatural wildfires, glacial meltdowns, and increases in oceanic temperature and 

acidity (Kemp et al., 2022). Animals and humans alike rely on much of the same ecosystems to 

survive, so what is devastating to one species is also devastating to others.     
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Although the Earth’s climate has changed over the past 800,000 years, our current 

climate is changing at a far greater scale and speed. As humans became more advanced in 

medicine and resource retrieval, the size of the human population rose exponentially, launching 

what we know climate change as today (Hardy, 2003). The industrial revolution began in Britain 

during the 1770’s when high rates of deforestation caused shortages in lumber, ultimately 

necessary for fuel. In order to account for this loss, Britain turned to coal as their primary energy 

source, leading to large and wide-spread mining operations around the nation. This discovery 

influenced a rise in technology, tools, and machines that ultimately brought our world to where it 

is today (National Geographic).   

Although the discovery of coal energy provided an alternative to the intensity of the 

lumber industry at the time, the scale of this new industry contributed to various issues in the 

future. The burning of fossil fuels for energy, such as coal and oil, releases carbon dioxide into 

the atmosphere creating higher concentrations. In 1900, research revealed atmospheric 𝐶𝑂2 

concentrations to be around 300 parts per million (ppm), in 1958 it was 316 ppm, and then in 

1985 it was 345 ppm (MacCracken, 1985). Based on recent monitoring, the global average 𝐶𝑂2 

concentration was 417 ppm, creating a new record for the highest recorded concentration which 

are vastly too high in comparison to past measurements (Figure 3.1; Lindsey, 2023). According 

to the Global Carbon Budget, global carbon dioxide emission went from 11 billion tons during 

the 1960's to nearly 36.6 billion tons of carbon dioxide in 2022. Despite the fact that 𝐶𝑂2 

occurs naturally throughout the world, carbon dioxide that enters the atmosphere absorbs 

infrared radiation and traps heat (Soeder & Soeder, 2021). It is necessary for the Earth to have 

carbon dioxide from freezing but rapidly released 𝐶𝑂2 derived from carbon previously stored 

within the ground causes this 𝐶𝑂2 layer to collect additional heat and radiate back to the Earth, 
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causing global temperatures to rise (Lindsey, 2023). Between the years 1880 to 1900, global 

surface temperatures increased by 1 degree Celsius. Present studies completed by the Global 

Climate Report indicate that every month of the year 2022 ranked in the top ten warmest months 

ever recorded (Lindsey & Dahlman, 2023).   

  

Figure 3.1. Atmospheric Carbon Dioxide Concentration from 1958-2023. (Lindsey, 2023).  

There are three locations where carbon dioxide ends up: almost half is in the atmosphere, 

a fourth is absorbed by terrestrial components, and the last fourth is dissolved in the ocean 

(Gattuso & Hansson, 2011). Increased 𝐶𝑂2 emissions not only enter into the Earth’s atmosphere 

but also dissolve into the world’s oceans. Carbon dioxide enters the ocean via surface waters to 

create carbonic acid, which correspondingly decreases the pH of the ocean for what is known as 

ocean acidification (Jagers et al., 2019). The ocean acts as a natural carbon sink for 

anthropogenically produced carbon dioxide which is extremely important. The more 𝐶𝑂2	 
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that is taken up by the ocean as a sink, the less 𝐶𝑂2 that is released into the atmosphere which 

would otherwise worsen climate change and its effects on the Earth’s ecosystems (Guttoso & 

Hansson, 2011). Although this sink is important, it does not come without consequences to 

marine ecosystems that rely on stable pH balances. For example, it is expected that as carbon 

dioxide increases within oceans, phytoplankton will correspondingly increase primary 

production, causing increased biomass that then causes a decrease of dissolved oxygen within 

marine waters when it dies and decomposes (Riebesell & Tortell, 2011).   

Scientists have concluded that by 2100, the climate change trajectory will increase global 

temperatures by 1.5 degrees Celsius compared to temperatures during the pre-industrial era 

(IPCC). Global warming caused by climate change is slowed by the absorption of this heat 

through the ocean; however, this causes ocean temperatures to warm in response (Xie, 2020). 

Between the mid-1950’s and mid-1990s, the world’s ocean layer from surface to 300 feet in 

depth increased a total of 0.31 degrees Celsius (Levitus et al., 2000). Global warming causes sea 

levels to rise through the melting of ice caps and thermal expansion of the water itself (Raper & 

Braithwaite, 2006). These rises threaten wetlands and lowlands through permanent flooding and 

coastal erosion, which can threaten the safety of terrestrial organisms (Titus, 1986). Such 

flooding could force coastal organisms inland by degrading their previous habitat, exposing them 

to unfamiliar stressors (Kennedy et al., 2002).   

Global warming poses risks not only to oceans and their wildlife, but terrestrial 

ecosystems as well. As deforestation continues to occur within tropical rainforests, slash-and-

burn clearing causes carbon dioxide to be released from the land that was cleared of soil and 

vegetation, consequently exacerbating the rate of climate change by increasing atmospheric 𝐶𝑂2 

(Tinker et al., 1996). Vegetation also plays a vital role in carbon dioxide uptake through 
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photosynthesis, which can also no longer occur due to deforestation (Bala et al., 2007). As 

tropical forests become degraded and turned into pastures, the temperature of these areas 

increases. Evapotranspiration, a process that occurs via vegetation, also decreases, limiting the 

moisture that can be recycled back to the atmosphere, decreasing precipitation over these 

corresponding areas. These cascading effects ultimately lead to increasing lengths of the dry 

season within tropical rainforests (Shukla & Sellers, 1990).  

 Organisms may have to alter their life histories in response to increasing lengths of dry 

seasons (Correa et al., 2021). The dry season experiences less rainfall and higher average 

temperatures than the wet season, but moisture is normally kept in the soil by deep-rooted flora 

(Nepstad et al., 1994). When these structures are removed, moisture can no longer be stored 

during the drought-like conditions of the dry seasons. As the length of dry seasons increase, food 

availability becomes scarcer and resources are less nutritional, which may cause species like the 

mantled howler monkey to alter their behavior in response to these ecosystemic pressures 

(Crockett & Eisenberg, 1986). Climate change models and projections have revealed that high 

elevation locations within Costa Rica are at great risk from climate change. As elevation 

increases, climate change will account for up to 30% less precipitation and significant 

temperature increases. In addition, the frequency of precipitation will also decrease, possibly 

leading to extreme instances of drought (Karmalkar et al., 2008). A study looking at climatic 

models in Costa Rican life zones revealed potential changes in ecoclimatic projections for two 

different climate change scenarios. The 2.5-degree Celsius increase scenario revealed a 38% 

change in ecoclimatic zones while the 3.6 degree Celsius scenario displayed a nearly 47% 

change in conditions, where the most prominent of these changes would occur in tropical dry 

forest, montane rain forest, and sub-alpine paramo. These changes reveal the potential loss of 
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three unique life zones, which threatens the biodiversity of these specific areas (Halpin & 

Secrett, 1995).  

Other regions around the world have already begun to display the effects that climate 

change poses to the environments of native primates, also occurring in tropical rainforests like 

those the primates of Costa Rica inhabit. As temperatures shift due to climate change, orangutans 

in Borneo’s rainforests will likely be forced into higher altitudes, forcing them out of their 

natural ranges and threatening the structure of their life histories and population structures 

(Struebig et al., 2015). Reductions in rainfall can also lead to habitat fragmentation, constraining 

access to normal home ranges. For example, extreme precipitation shifts in Senegal has caused 

fragmentation within the habitat of red colobus monkeys, restricting their range and threatening 

their survival (Galat et al., 2009). Finally, climate change could lead to changes in community 

compositions. Shifts in environmental conditions from climate change have significantly altered 

the food availability and structure of the forests within Kibale National Park, Uganda, leading to 

changes in population densities of the primates who reside there (Chapman et al., 2013). Climate 

change induces phenological changes to rainforest ecosystems by causing irregular variations in 

fruiting and flowering times, hibernation, and migrations (IPCC, 2013). Flowering and fruiting 

events are often cued by extreme climatic conditions, such as extreme temperatures shift between 

the wet and dry season. As these conditions become more variable and the shifts become less 

prominent, primates will face resource availability issues within Costa Rica as seen in other areas 

around the world (Butt et al., 2015).   

Another impact of climate change is that pathogens are able to grow and spread better 

under warmer and often wetter conditions (Harvell et al., 2002). Diseases spread through vectors, 

such as mosquitos, are better able to expand latitudinally as global temperatures conducted an 
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experiment that revealed that of the 384 individual primates that were tested from Costa Rica, 

including all four native species, 8.9% of them carried a parasitic infection, such as malaria rise 

(Nunn et al., 2005, Chavez et al., 2022).This prevalence reveals the dangers that these primates 

face as climate change continues to warm these tropical regions within Costa Rica. Not only does 

extreme temperature and precipitation fluctuations spread pathogens, but it also alters behaviors 

of primates. In Santa Rosa National Park, white-faced capuchins rested significantly more and 

traveled less during times of extreme drought and increased temperatures. In addition, as surface 

waters began to dry up, capuchins would centralize their home ranges in areas located near a 

permanent water source. This ultimately reveals primate dependency and behavioral responses to 

stabilized resources and the threat climate change poses as these resources become variable and 

depleted (Campos & Fedigan, 2009).   

With the impending threats to primate species located in Costa Rica and other areas 

around the world, many countries including Costa Rica have made significant efforts in 

mitigating climate change and the consequences it poses. Costa Rica has a proposed Nationally 

Determined Contribution plan (NDC) which has made environmental promises to several sectors 

of their country. First, Costa Rica plans a maximum net carbon emission of 9.11 million tons by 

2030 (Contribucion Nationalmente, 2020). In 2019, Costa Rica then promised to commit to zero 

emissions by 2050 in order to prevent global temperatures from gaining more than 1.5 degrees 

Celsius (Government of Costa Rica). Carlos Alvarado Quasada, president of the United Nations 

Environment Programme, states that, “The decarbonization plan consists of maintaining an 

upward curve in terms of economic growth and at the same time generating a downward curve in 

the use of fossil fuels, in order to stop polluting” (UNEP). Between the years 2021 to 2030, they 

have also promised a maximum carbon emission of 106.53 million tons over all 9 years 
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(Contribucion Nationalmente, 2020). The Communication on Adaptation portion of their NDC 

also includes their commitment to implementing nature-based solutions into their social, 

economic, and environmental sectors through financing, public services, and infrastructure 

(Contribucion Nationalmente, 2020).   

Some of the environmentally friendly initiatives that are planned include the creation of 

an electric train known as The Electric Passenger Train of the Greater Metropolitan Area of 

Costa Rica by providing transportation within the capital of San Jose. This is vital due to the 

transportation sector accounting for 40% of Costa Rica’s emissions (UNEP). This project, 

funded partially by the Central American Bank for Economic Integration (CABEI), is projected 

to cost nearly $1.554 billion. CABEI will be financing $550 million towards the project while 

also receiving another $250 million through a loan to the Costa Rican government from the 

Green Climate Fund along with $21.3 million dollar donation towards the plan (Honduras, 

2021). Not only will the implementation of this train provide transportation for 2.7 million 

residents and employ nearly 1,200 workers, but it will also reduce carbon emissions by 7.6 

million tons (Honduras, 2021)). A part of Costa Rica’s climate change action includes 

urbanization regulation plans. These plans include implementing important criteria, such as the 

creation of adaptation criteria and instruments, for territorial planning, development, coastal 

management, biological corridors, and wildlife sanctuaries by the year 2030. In an effort to 

continue a downward trend in fossil fuel production, the country has also committed to 

transferring to 100% renewable electricity by the year 2030, by updating their energy efficiency 

standards and technology (UNDP; NDC).  

The Climate Action Tracker (CAT), an independent project tracking Costa Rica’s 

government climate efforts, rates Costa Rica’s policies and climate change prevention efforts as 
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“Almost Sufficient.” This sufficiency is based on the country’s 1.5-degree Celsius compatibility 

trajectory. The 1.5-degree Celsius compatibility trajectory reveals the quality of efforts to contain 

and decrease the increasing temperatures caused by climate change. The 1.5-degree Celsius 

compatibility trajectory was originally presented by the Paris Climate Agreement of 2015 which 

initially aimed to keep global temperatures from exceeding 2 degrees Celsius, but eventually 

transitioned this goal to 1.5 degrees Celsius. Having a score of “Almost Sufficient” reveals that 

Costa Rica is near the level that will keep their global contribution under the 1.5-degree Celsius 

trajectory (IPCC). The CAT also reveals, while possibility insufficient in data, that Costa Rica is 

the only country within Central America who has reached an “Almost Sufficient” score. In 2017, 

Honduras, Nicaragua, and Guatemala were included in the top ten countries most vulnerable to 

climate change (Council on Foreign Relations). In the Caribbean, climate reports predict that 

temperatures are to increase anywhere from 1.4 to 3.2 degrees Celsius by the end of the 21st 

century. From the years 1990 to 2002, three of Costa Rica’s presidents encouraged oil 

exploration throughout the country. Harken Energy, a United States energy company, made 

initial agreements with previous leaders to conduct large scale oil drilling operations within the 

country. In 2002, President Abel Pacheco then announced a moratorium on oil exploration which 

created a long legal battle between Harken Energy and Costa Rica itself. Demanding reparations, 

Harken Energy attempted to sue Costa Rica for $57 billion but ultimately failed (Engler & 

Martinez, 2004). While the ban was originally supposed to end in 2014, it was thus extended, 

protecting the environment and continuing Costa Rica’s history of zero drilling operations. The 

most notable contributions made by Costa Rica was the extension of their moratorium on oil 

exploration and exploitation to 2050 by reforming its Executive Decree No. 41578 in 2019 
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(Climate Action Tracker, 2023). This protects the progress to limit emissions and protect 

ecosystems from the effects of oil exploration.   

Over recent years, Costa Rica has succeeded in making more than 98% of its energy 

renewable and restored forest cover to 53% of the total land mass, allowing for necessary carbon 

sinks to reduce the negative effects of continued carbon emissions (UNEP). The NDC has a goal 

of producing zero emissions that would be offset by collaborating in efforts to expand and 

maintain forested areas by 2050 (UNEP). By following the Paris Climate Agreement of 2015, the 

country has been able to contribute as little as 0.02% of the global emissions, despite having a 

population size of over 5 million people comprising 0.06% of the global population. The 

Initiative for Climate Action Transparency (ICAT), an international organization guided by 

multiple stakeholder partnerships providing nations with support and tools to build transparency 

for climate action, has been supporting Costa Rica’s efforts and the operation of the National 

Climate Change Metrics System (SINAMECC; ICAT, 2021). SINAMECC is designed as a tool 

to ensure and improve evidence-based decisions in regard to climate action and the 

implementation of policies (ICAT). Within ICAT, there are three projects that include Project 3, 

which is the strengthening of SINAMECC as a tool to enhance its own replicability and 

sustainability under the guidelines of the Paris Agreement. Project 2 drives to further analyze the 

impacts of sustainable developmental practices and changes within the Decarbonization Plan. 

Project 1 extends on Project 3 by strengthening SINAMECC to better supply transparent 

tracking and report efforts in the mitigation tasks against climate change in Costa Rica (ICAT).  

Through collaboration among many organizations and facilities, Costa Rica has made strong 

headway in combating climate change which has drastically altered the planet preceding the pre-

industrial era. Their efforts have been an awakening and motivating factor for other regions 
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around the world to do their part in combatting climate change, especially countries leaving 

behind vastly larger carbon footprints than Costa Rica itself. When comparing the per capita 𝐶𝑂2 

emissions of Latin American and Carribean countries, Costa Rica ranks fairly low for its 

population size. For example, Trinidad and Tobago produced 21.17 metric tonnes of 𝐶𝑂2 while 

only having a population size of 1.5 million people, while Costa Rica produced 1.68 metric 

tonnes and has a population size of over 5 million residents. Puerto Rico also has a population 

size of 3.264 residents while producing 3.47 metric tonnes of 𝐶𝑂2	in 2022, exceeding Costa Rica 

while having a smaller number of residents (Tiseo, 2023). According to Earth.org, Costa Rica is 

ranked as 31st in the world in the Global Sustainability Index which considers pollution, climate 

change, biodiversity, policy, oceans, and energy. Their updated NDC has been one of the largest 

contributors to the success of their environmental conservation (Mulhern, 2021). In comparison, 

Venezuela, home to the Venezuelan red howler monkey, ranks 131st in the world. Despite plans 

proposed for a 20% reduction in emissions by 2030, there has been little effort from the 

Venezuelan government to implement this goal via policies. This goal, despite moving in the 

right direction, will also not reach the necessary goals to mitigate the damage being caused at 

such a rapid rate (Mulhern, 2020). A study analyzing the effects of climate change on the 

agriculture of Guatemala and Honduras found that climate disasters such as hurricanes, 

temperature, and precipitation fluctuations threaten both countries’ food security as they rely 

heavily on agricultural production. Both countries, between 1996 to 2015, were also among the 

top ten most affected by climate change (Waddick, 2017). In order to protect the environment 

and the residents of countries such as Guatemala and Honduras, it is vital that threated countries 

begin making the first steps towards combatting climate change, such as following the Paris 

Climate Agreement of 2015.   
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Understanding the ways that wildlife is directly and indirectly affected by climate change 

is important in understanding the necessary efforts that must be made in order to protect them. 

The primates of Costa Rica are vulnerable and rely on consistent seasonality for their own life 

histories and survival itself (Campos et al., 2017). As climate change alters seasonality within 

Costa Rican tropical rainforests primates may be in danger (Pounds et al., 1999). To prove the 

issue at hand, I cite below my own research study conducted at La Selva Research Station in 

Puerto Viejo, Costa Rica conducted in May of 2022. The following study investigates the ways 

that mantled howler monkeys within La Selva Research Station alter their activity and spatial 

cohesion patterns in response to seasonality, providing evidence of the necessity of stable 

seasonal conditions for their survival while climate change remains ever impending. My passion 

for this topic is not abstract; I saw firsthand the importance if resource and social stability in 

howler monkey groups located within the research station. The results indicate that howler 

monkeys alter their activity budgets based on seasonal changes and highlights that as climate 

change continues to increase the length of the dry seasons, their population structures may be 

placed under increasing stress.   
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Chapter 4: Mantled howler monkeys modify activity and spatial cohesion in response to 

seasonality   

Introduction   

Climate change encompasses shifts in weather patterns and temperatures across vast 

areas of the planet, commonly due to anthropogenic effects (Kemp et al., 2022). Some 

anthropogenic factors that induce climate change include burning of fossil fuels, deforestation, 

and overconsumption of natural resources, all of which cause sea level rises, ocean acidification, 

and imbalances in natural processes (Ciais et al., 2020). These threats include changes in 

seasonality, overall temperature increases, and detrimental impacts on vegetation and terrain, 

which can lead to behavioral changes in plants and wildlife in tropical rainforests (Rising et al., 

2022; Watson et al., 2018). Anthropogenic practices such as logging and agriculture damage 

many wildlife populations throughout the world’s rainforests by eliminating important food 

resources; climate change exacerbates these impacts through the increasing emission of 

greenhouse gases which pose further risks to rainforests (Ciais et al., 2020; Facchinelli et al., 

2022). The occurrence of extreme weather events and alterations in seasonality can be found as a 

results of climate change which threatens agricultural locations of areas who heavily rely on 

production (McMichael et al., 2006). Some of these events can trigger tsunamis, droughts, 

unnatural wildfires, glacial meltdowns, and increases in oceanic temperature and acidity (Kemp 

et al., 2022). Animals and humans alike rely on much of the same ecosystems to survive, so what 

is devastating to one species is also devastating to others.   

The average annual rainfall throughout tropical rainforests is steadily decreasing by 1% 

each year due to climate change (Mahli and Wright, 2004) and average temperature is expected 

to increase in tropical rainforests (Beaumont et al., 2011). Lack of precipitation and increasing 
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temperatures results in drought conditions that hinder flora and fauna that serve as important 

resources for non-human primates (Mahli & Wright, 2004). Decreases in freshwater resources, 

caused not only by temperature increases and limited rainfall but also habitat depletion, risk 

energy loss for many native species (Barbaree et al., 2020). Drought triggers forest fires that 

severely affect the fauna of forests by further increasing the temperature, limiting resource 

availability for many species (Torkkola et al., 2022). Forest fires cause habitat fragmentation 

where portions of large forest expanses are fragmented into smaller pieces, isolating inhabitants 

within these locations (Fahrig, 2003). Rainforests have not initially been at risk for wildfires, but 

the longer dry seasons have posed a new risk of megafires, from which rainforests have difficulty 

recovering (Torkkola et al., 2022). Overall, the fragility and continued climate change within 

rainforests is revealing current and future challenges for many wildlife populations within these 

areas.  

Seasonality contributes prominently to certain functions throughout tropical rainforests. 

Tropical rainforests have two seasons, wet and dry, where the dry season typically lasts around 

four months and the wet season for the remainder of the year (Restrepo-Coupe et al., 2013). 

Although the dry season receives less rainfall and experiences higher average temperatures, 

rainforests maintain their moisture through deep-rooted flora spread through the landscapes 

which help endure the lack of precipitation (Nepstad, 1994). The sprouting of new flora occurs 

during the dry season with increased sunlight and higher overall temperatures while the wet 

season aids growth of these plants (Huete et al., 2006). Stable transitions between the seasons 

greatly influence species diversity with vast numbers of species residing within rainforests 

(Correa et al., 2021).   
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As the dry season increases in intensity due to climate change, this affects many of the 

specialized cycles and mechanisms that species use to reproduce and disperse (Correa et al., 

2021). For example, dung beetles become increasingly threatened as alterations in seasonality 

hinder their systematic burials and seed dispersals (Correa et al., 2021). Increased temperature 

fluctuations within corresponding seasons are causing late flowering times for some plant 

species, possibly due to temperature shock or insignificant cues in order to spark new growth 

(Von Holle et al., 2010). As more species and populations continue to be disrupted by changes in 

rainforest seasonality, chain reactions could occur that permanently alter the food chain, 

threatening many species. For example, litter-dwelling beetles and ants require consistent 

resource abundance throughout the year. Their population size peaks in the wet season due to 

greater litterfall that occurs with adequate temperatures and increased rainfall (Grimbacher et al., 

2018). As seasonality influences reproduction, abundance, and growth of organisms, it begs the 

question of what effect these changes in seasonality have on vertebrates, such as primates 

(Grimbacher et al., 2018).   

When examining how seasonality influences primates globally, sportive lemurs spend 

more of their time resting and feeding, and less time traveling during the dry season because of 

lower resource abundance in order to conserve their energy; this results in diets that consist 

mostly of leaves year-round, and the addition of fruit during the wet season (Mandl & Schwitzer, 

2018). Slender lorises have birthing preferences where births and estrus peak during the months 

of April, May, and June, as well as October, November, and December (Radhakrishna and 

Singh, 2004). Lorises born in these months can then be weaned before two prominent rainy 

periods that result in high resource abundance (Radhakrishna and Singh, 2004). Samango 

monkeys increased resting times during the dry season due to the shorter days, where foraging 
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for food poses higher risks during nightfall (Coleman et al., 2021). Although not all in the same 

way, seasonality affects the habits of many species of primates, including howler monkeys 

within Costa Rica.   

Mantled howler monkeys (Alouatta palliata) are one of the largest Central American 

monkeys (Glander, 2006). They have seasonally specific folivorous-frugivorous diets (Crockett 

and Eisenberg, 1987). During the wet season they focus on mature leaves and fruits while the dry 

season provides them with newly budded leaves and flowers (Glander, 1978). Howler monkeys 

favor young leaves instead of mature ones and spend most of the day resting since their preferred 

leaves contain toxic compounds and fibers that require energy to digest (Crockett & Eisenberg, 

1987). Howler monkeys live in social groups consisting of 13-24 individuals, including adult 

males and females (Ryan et al., 2008). Adult males utter deep howls, echoing extremely long 

distances, as a defensive mechanism or warning call to advertise their location and detect other 

groups of howlers (Milton, 1980). Mantled howler monkeys display spatial cohesiveness where 

different groups often come into close contact with one another and can overlap despite the 

species generally being territorial (Bolt et al., 2019).  

Seasonal changes through mantled howler habitats induce behavioral changes, 

individually and throughout their groups. During the wet seasons, male howlers in Veracruz, 

Mexico spent more time within familial-related groups including related males due to decreased 

reproductive competition during this time (Dias & Luna, 2006). The cohesiveness also indicated 

territorial defense over the few females who are sexually receptive (Dias & Luna, 2006). Dry 

seasons revealed sub-groups with fewer males and less male cohesion due to increased sexually 

receptive females (Dias & Luna, 2006). For their eating habits, mantled howlers increase fruit 

consumption during the wet season when fruits and flowers are available, and decrease 
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consumption during the dry season, displaying the importance of seasonality on their diets 

(Dunn, et al, 2010). In Los Tuxtlas, Mexico, mantled howlers spent more time feeding and 

traveling during the dry season and less time resting due to lower energy yields provided by leaf 

consumption (Dunn et al., 2010). Due to high levels of toxins in leaves and lower levels of 

nutrients, howlers move to find a wider range of food sources during the dry season to diversify 

their diets to avoid over-dosing on leaf toxins and to compensate for lower nutritional values of 

leaves (Glander, 1981; Dunn, et al., 2010). Understanding the effects of seasonality on the 

behavior and spatial cohesion of mantled howlers is important in understanding the sensitivity 

and reliance they have to the consistency of these seasons, especially when climate change is 

increasing the length of dry seasons.   

We investigated mantled howler monkeys’ behavioral response to seasonal changes at La 

Selva Research Station, a large, continuous forest in Northeastern Costa Rica. We predicted that 

howler monkeys would rest more, feed less, and locomote less during the wet season compared 

to the dry season, due to increased nutritional resources. We also predicted they would be more 

spatially cohesive during the wet season as greater food availability precludes the need to spread 

apart to obtain resources.   

Methods  

Study Site   

 We collected data in La Selva Research Station in northeastern Costa Rica. La Selva 

contains 1600 ha of tropical rainforest providing an ideal setting to analyze major components of 

mantled howler monkey behavior. The southern border of La Selva is adjacent to Braulio 

Carrillo National Park which consists of 44,000 ha of cloud and tropical rainforest (Bell & 

Donnelly, 2006). This area is protected from anthropogenic activity which provides an 
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opportunity to examine natural systems and primates’ responses to climate change. There are 

currently 25 groups of howler monkeys at La Selva, with a mean groups size of 14.3 monkeys, 

and howler population density of 23.4 individuals/km2 (Schreier et al., in review).  

The dry season throughout tropical rainforests often occurs between the months of 

January to April with the wet season occurring throughout the rest of the year (Clark, Clark, and 

Oberbauer, 2021). During the study period, the wet season within this region experienced an 

average rainfall of 11.04 mm per day and the dry season experienced an average of 2.58 mm per 

day.   

Data Collection and Analysis  

 We collected data on the behavior and spatial cohesion of mantled howler monkeys at La 

Selva during the dry season (November 2018-February 2019: 225 hours of behavioral data) and 

the wet season (May-June 2022 and 2023: 376 hours).   

We began data collection in the early morning by identifying mantled howler monkey 

groups and following them throughout the day until the study groups could no longer be located. 

We utilized instantaneous scan sampling in 2-minute intervals over 30-minute samples to record 

the activity of singular mantled howler monkeys (Altmann, 1974). We recorded the focal 

animal’s activity (i.e., resting, feeding, travelling) at each 2-min scan (Paterson, 2001; Schreier et 

al., 2021). During each scan, we also recorded the number of howler monkeys within a 5-m 

radius of the focal monkey, and we estimated the distance (in meters) between the focal animal 

and its nearest neighbor utilizing distance classes of 0, 0.5, 1, 2, 3, 4, 5, 6, 7, 8, 9, 10 m or >10 m 

(Irwin, 2007; Schreier et al., 2021). We sampled adult males and adult females, rotating between 

them to collect equal amounts of data on each age-sex class (Schreier et al., 2021).    
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We compared monkey activity and spatial cohesion across the wet and dry seasons. To 

analyze data, we utilized Mann-Whitney U tests since the data were not normally distributed (via 

SPSS software ver.26) to compare the activity and spatial cohesion patterns of mantled howlers 

in La Selva across the wet and dry seasons. Statistical significance was set at p<0.05.    

Results  

Activity Budgets  

The mantled howler monkey activity budgets significantly differed across the wet and dry 

season.  As predicted, the monkeys rested significantly more in the wet season (75%) than the 

dry season (70%; p<0.001; Figure X). Also, as predicted the monkeys spent a significantly 

greater percentage of time feeding in the dry season (15%) than the wet season (8%; p<0.001). 

There was no significant difference between the mean percentage of time the monkeys spent 

locomoting between the wet (6%) and dry (6%) season.   

  

Figure 4.1. Comparisons of activity across wet and dry seasons. Asterisk indicates 

statistical significance.   

Spatial Cohesion   

Mantled howler monkey nearest neighbor distance was significantly different across seasons. As 

predicted, the mean nearest neighbor distance was significantly higher in the dry season (2.8m) 
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than the wet (2.48m; p<0.001). There was no significant difference between the mean number of 

nearest neighbors between the wet (2.12) and dry (1.87) season.   

  

    

Figure 4.2. Average distance and number of nearest neighbors across seasons. Asterisk 

indicates statistical significance.   

Discussion  

Our hypothesis that mantled howler monkeys would modify their activity budgets and 

spatial cohesion patterns in response to seasonality was partially supported. As predicted, the 

howler monkeys rested significantly more and fed less during the wet season than the dry season. 

There was no difference in locomoting behavior between the wet and dry season. While the 

monkeys were farther from nearest neighbors in the dry season than the wet season, there was no 

significant difference in the number of monkeys within 5 meters.   

 Our activity results are consistent with some previous research. In Brazil, southern 

muriquis (Brachyteles arachnoides) spent significantly more time feeding during the dry austral 

winter and rested significantly more during the wet austral summer, as did howler monkeys in 

our study in Costa Rica. Like howler monkeys, muriquis have a folivorous-frugivorous diet that 

influenced their ability to adjust to climatic constraints. Spending more time feeding during the 
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dry winter and more time resting during the wet summer allowed them to meet their energy 

requirements (Talebi & Lee, 2010). For howler monkeys, the lower nutritional value of leaves 

produced more abundantly in the dry season requires them to spend more time feeding in order 

to meet necessary energy requirements during the harsh dry season (Crocket & Eisenberg, 1986). 

Ring tailed lemurs (Lemur catta) in Madagascar also spent significantly more time feeding 

during the dry season than wet season, similar to the howler monkeys in our study. Researchers 

attribute this variance in activity budget to resource scarcity during the dry season and the need 

to feed more in order to meet the lemurs’ necessary energy requirements (Gould & Gabriel, 

2015).   

However, other species’ activity patterns with respect to seasonality were not consistent 

with our results. For example, vervet monkeys (Chlorocebus pygerythrus) in South Africa spent 

more time resting and less time feeding, foraging, locomoting, and completing other social 

behaviors during drought periods (which have similarities to the dry season), revealing the 

necessary plasticity of their behavior in order to adapt to changing climatic conditions (Young et 

al., 2019). The difference in activity patterns between the vervet monkeys and the howler 

monkeys in our study may result from the extremity of the drought that the vervet monkeys 

experienced. Their results showed higher levels of stress hormones when there was a lack of 

water in their home range and monkeys’ higher mortality rates correlating with increased stress 

hormone concentrations during extreme environmental conditions (Young et al., 2019). This 

stress could certainly have differing influences on the behavioral requirements of vervet 

monkeys living in these extreme conditions as compared to the mantled howler monkeys. In 

extreme drought conditions, energy expenditure for foraging and locomoting could be too much 

of a risk for survival for the vervet monkey.   
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Spider monkeys (Ateles geoffroyi vellerosus) in Mexico also displayed contradictory 

activity to that of the mantled howler monkeys in our study. Spider monkeys rested more during 

the dry season and fed more during the wet season (Chaves et al., 2011). This difference in 

resting behavior between the two species may be due to temperature variation. While spider 

monkeys rested more during peak ambient temperatures in the dry season and fed less, there 

were no significant temperature differences between the wet and dry season at La Selva, 

precluding the influence of temperature on the howler monkeys’ activity budgets (Chaves et al., 

2011). Spider monkeys also maintain a more frugivorous diet than the mantled howler monkeys, 

suggesting that the high nutritional yields that spider monkeys obtain from fruit may temper the 

need to feed more during the dry season. In Brazil, the black-pencilled marmoset (Callithrix 

penicillate) locomoted significantly more during the wet season than the dry season due to 

greater food availability and wider distribution of nutritional resources (Vilela & De Faria, 

2004). Although the howler monkeys in our study did not vary time in spent locomoting across 

seasons, this may be due to differences in habitat and seasonal abundance. Marmoset monkeys 

live in scrub savannah and semi decidual woodlands (Vilela & De Faria, 2004), while the howler 

monkeys inhabit a large continuous rainforest. The marmoset monkeys’ food sources are thus 

likely spread farther apart than those of the howler monkeys, who do not need to travel long 

distances to find food in the dense rain forest, which may explain why the howler monkeys did 

not vary time spent locomoting across the wet and dry seasons. On the other hand, fruit 

distribution within a scrub savannah and semi decidual woodland area is scattered during the wet 

season requiring the marmoset monkeys to locomote more often and for farther distances (Vilela 

& De Faria, 2004). Although howler monkeys have diets that consist mostly of leaves, their gut 

is not specialized for a heavy leaf diet that they must endure during the dry season when less fruit 
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is available (Milton, 1980). Their resting requirement to effectively digest these leaves subjects 

them to activity budgets centered around resting. This, in turn, may limit the howlers’ ability to 

significantly alter their activity budgets and spend more time in activities including locomoting 

(Arroyo-Rodriguez & Diaz, 2010).   

Our data reveal that there was no significant difference in the number of nearest neighbor 

numbers within five meters of sampled individuals. Although there was a statistically significant 

difference in the distance between monkeys across seasons, the distance across the two seasons 

only varied by a third of a meter which is likely not biologically meaningful (Zhan et al., 2017). 

The statistically significant difference is likely an artifact of the large sample size (Schreier et al., 

2021).   

While mantled howler monkeys displayed little variation in spatial cohesion pertaining to 

seasonality, other factors may be more likely to impact spatial cohesion patterns. For example, 

woolly monkeys (Lagothrix lugens) in Colombia varied their spatial cohesion based on age/sex 

class, reproductive status, and activity (Stevenson, 1998). For example, the monkeys were less 

spatially cohesive when feeding than resting. Monkeys who were genetically related were also 

more spatially cohesive as they spend more time grooming one another. Subadult females and 

subadult males were more spatially cohesive than any other age/sex class while females with 

infants were more spatially cohesive with other monkeys within the group. While mantled 

howler monkeys displayed little variation in spatial cohesion in relation to seasonality, other 

factors may reveal differences in spatial cohesion patterns like those observed in the woolly 

monkeys. For example, blue monkeys (Cercopithicus mitis) were more vigilant when they were 

less spatially cohesive (Treves, 1999).   
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Spider monkeys (Ateles geoffroyi) in Belize displayed larger sub-groups during the wet 

season than the dry season (Hartwell et al., 2018). The increase of nutritional resources during 

the wet season may allow for bigger group sizes when feeding competition is lower. Mantled 

howler monkeys did not demonstrate meaningful biological differences between the wet and dry 

season, suggesting that group sizing may be a larger factor affected by seasonal variation than 

spatial cohesion. Spider monkeys and mantled howlers also have different social systems. Spider 

monkey groups contain fission-fusion dynamics where they split into sub-groups in order to 

thrive in group-based living. Food availability, rainfall, and habitat type are all factors 

influencing fission-fusion dynamics in spider monkeys, lessening the effects of competition for 

resources (Aguilar-Melo et al., 2018). Large patch sizes, and thus larger fruit availability, allow 

for larger sub-groups while smaller sub-groups are necessary in smaller patch sizes in order to 

decrease competition for nutritional resources (Symington, 1988). However, howler monkeys 

live in social groups consisting of 13-24 individuals, where more females than males are present 

within the troop (Ryan et al., 2008). The lack of sub-grouping may require them to alter their 

behavior differently than spider monkeys.   

Overall, our feeding and resting behavior results suggest that mantled howler monkeys 

significantly alter their activity budgets in response to seasonal factors. As climate change 

continues to increase the length of dry seasons by decreasing the average annual rainfall and 

increasing average temperatures in tropical rainforests, this places overwhelming pressure on 

mantled howler monkeys (Mahli & Wright, 2004; Beaumont et al., 2011). Decreases in 

precipitation not only limit the overall growth of flora within tropical rainforests but increased 

temperature fluctuations delay flowering times, increasing the likelihood that mantled howler 

monkeys and other wildlife will have to alter their activity budgets more drastically for survival 
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(Mahli & Wright, 2004; Von Holle et al., 2010). Rainforests are extremely sensitive to climatic 

changes because they do not normally experience extreme alterations in environmental cues from 

year to year; thus, species who inhabit them also experience the effects of this sensitivity (Shinya 

et al., 2022).   

 Many other species residing within rainforests also may not be able to persist in the face 

of climate change. For example, rainforest ringtail possums (Pseudochirulus cinereus) are 

predicted to decline by nearly 90% of their total populations by the year 2050 (de la Fuente & 

Williams, 2023). Climate change is causing rapid changes to habitats and the possum species 

may not be evolutionarily tolerant to these changes; other species like mantled howler monkeys 

in Costa Rica and other regions may suffer the same fate in response to further and more extreme 

seasonal changes (de la Fuente & Williams, 2023). Future behavioral observations of mantled 

howler monkey activity and spatial cohesion will provide more detailed insight into the response 

of these monkeys. It is crucial to examine how the howler monkeys respond to seasonal changes 

over many years to understand the impacts of climate change more fully. Our current study is 

therefore a first step in this direction. Observing long-term behavioral and demographic changes 

of these howler monkeys in response to seasonal variation at La Selva Research Station could 

provide conservation guidelines for howler monkeys and other species living in tropical 

rainforests and help inform well-constructed climate change protocols for these delicate 

habitats.   
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Chapter 5: The benefits of ecotourism in Costa Rican primate conservation   

Other regions hosting nonhuman primates should reform and implement effective 

conservation standards to protect their native species, especially those whose current IUCN Red 

List status ranges from “vulnerable” to “critically endangered.” Other countries could utilize 

Costa Rican conservation tactics and policies for environmental protection as a model to improve 

their conservation record. An important consideration when determining the applicability of 

implementing Costa Rican conservation tactics in regions that may not be as affluent as Costa 

Rica is the allocation of funds to support these tactics. I believe that ecotourism may be the 

ultimate answer to this issue. By first focusing on ecotourism, other countries can have the 

opportunity to allocate those funds to implement policy reforms and regulations that are similarly 

utilized by Costa Rica. In addition, ecotourism would allow them to get a jump start on 

conservation efforts that are inherently offered through ecotourism. Ecotourism, if done properly, 

is an efficient way to not only educate people about the ecosystems they visit and the dangers 

tropical rainforests face but to increase income for these regions by creating new employment 

opportunities. Between making more jobs for the regions’ citizens and by raising money for 

conservation tactics and policies, ecotourism could allow other countries to take the first step in 

creating real change for the conservation of their native primates.   

Ecotourism, as defined by The International Ecotourism Society, is the “responsible 

travel to natural areas that conserves the environment, sustains the well-being of the local people, 

and involves interpretation and education” (The International Ecotourism Society). In short, it is 

a form of nature-based tourism that has recently been assessed as a tool for sustainable 

development (Wood, 2002). Ecotourism is encompassed by travel from visitors across the world 
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who visit natural areas that are preserved with the purpose of witnessing and learning about the 

environment (Wearing & Neil, 2009). Core principles of ecotourism include conservation, 

communities, and interpretation. For conservation, ecotourism should provide economic 

incentives that motivate the conservation of natural biodiversity. By including local 

communities, ecotourism should also increase connections and employment opportunities for 

local residents. Finally, those who partake in ecotourism should leave the experience with a 

better understanding of the natural world, conservation efforts, and awareness of environmental 

concerns while creating minimal impacts on the area itself (International Ecotourism Society).   

Ecotourism may have surpassed oil as the world’s largest industry: it supports almost 215 

million jobs worldwide and accounts for almost 6% of the global gross national profit (Honey, 

2003; Lepree, 2008). The expansion of ecotourism also accounts for over 20% of international 

travel (Dowling, 2000). Travel and tourism industries work closely together in order to 

accommodate the rising demand of ecotourism. In 2016, travel and tourism of the global sector 

employed 112 million people, approximately 3.6% of total global employment (The International 

Ecotourism Society). The mid-twentieth century catapulted what is today defined as ecotourism 

through an increase in tourism and environmental awareness that has sparked numerous efforts 

around the world (Dowling, 2013). The benefits of ecotourism are evident in many of its 

applications around the world as well. Overall, developing countries receive a revenue of nearly 

$29 billion a year from ecotourism, revealing the vitality of the industry (Kirkby et al., 2011).   

Ecotourism occurs in various areas of the globe, and its benefits are clear in many 

different cases. The rise of ecotourism and its appeal to wildlife conservation, as well as its 

creation of a new employment sector, is evident through visitation demographics. Africa, in 

particular, has had much ecotourism success due to the diversity and uniqueness of their native 
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wildlife (Lindsey et al., 2007). For example, South Africa had a 486% increase in visitors to 

nature-based destinations from 1990 to 1999 due to the rise of ecotourism efforts in the country. 

Indonesia, in the same way, had a 136% increase in visitors in these same years (Wood, 2002). 

Two percent of global travelers in 2005 were arriving in Africa to take part in ecotourism 

throughout the continent. One notable ecotourism group within Africa is the Pafuri Lodge of 

Wilderness Safaris which upholds effective work in wildlife conservation while collaborating 

with the local community, the Makuleke, who reside on the land and receive a portion of the 

income obtained by ecotourism and employment on the reserve (Spenceley, 2000). The 

employees of Phinda Private Game Reserve, located in in South Africa, are 80% from the local 

community and have done extensive work to increase the population of the black rhinoceros 

while also protecting the 12,699 hectares of reserve land (Spenceley, 2000).   

This form of tourism necessitates increasing and maintaining forest cover in regions 

where the tourism is occurring (Kirkby et al., 2011). With this in mind, ecotourism 

correspondingly increases conservation efforts. A study completed in Kenya during the 1970’s 

revealed that the economic benefit of ecotourism exceeds that of hunting activities, an activity 

that wasn’t banned in this area until 1977 (Wood, 2002). The economic success of ecotourism 

can allow it to grow, providing safety for wildlife and secure employment for millions of people. 

Those who partake in ecological tourist activities can become active environmental enthusiasts, 

which would incentivize sustainable tourism in the future and promote conservation to others 

(Black & Crabtree, 2007). A study that interviewed domestic Chinese tourists revealed that they 

became more environmentally conscious after attending an ecotourism location (Cheng et al., 

2014). Ecotourism can assist in eradicating poverty within areas that contain natural land that 

would be appealing to outside tourists (Surendran & Sekhar, 2011). It offers up new employment 
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opportunities to local residents, positively affecting economic standards and expansion of 

production for the nation (Stronza, 2007). For example, Redank Island Marine Park in Malaysia 

provided 938 jobs to the local community. In 2001, this ecotourist destination received more than 

73,000 visitors whose fees and donations contributed to the protection of marine life and their 

habitats (Yacob et al., 2007). Finally, ecotourism can assist in combatting climate change where 

ecotourist areas become important carbon sinks (Bishop, 2022). In Peru, land utilized for 

ecotourist purposes can sequester anywhere from 5.3 to 8.7 billion tons of carbon (Kirkby, 

2010).   

Despite the clear benefits that ecotourism provides around the world, there has been some 

controversy regarding its efficiency. First off, a downside to ecotourism is that it can cause 

degradation to the land, posing risks to the ecosystem and its inhabitants. In Himachal Pradesh, 

India, ecotourist hubs experienced more deforestation than in locations where ecotourism wasn’t 

as common. This occurs due to the fact that ecotourism requires some facilities such as hotels 

and restaurants to accommodate visitors which necessitates the clearing of trees to make room 

for the buildings. However, the opposite occurred in China in the Yunnan province. Areas that 

experienced more ecotourism in fact had less deforestation occur than areas that were not 

ecotourist hubs (Brandt et al., 2019). In Manuel Antonio National Park, Costa Rica, the high 

presence of tourists has had a negative effect on primate populations, where they have become 

accustomed to visitors and feed off their trash. The high traffic of visitors during the high season 

also is increasing trail erosion (Van Tassell & Daniel, 2006). All of this emphasizes that research 

is an important component of ecotourism and determining carrying capacity for specific areas is 

vital to the success of the ecotourism (Obua, 1997). These varying results reveal that every 

ecotourist location experiences different circumstances that require specific protocols in order to 
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maintain the integrity of wildlife conservation around the world. If done correctly, as seen in 

China, ecotourism can maintain forests while also producing economic gain from ecotourism to 

promote more conservation.  

 Another issue that may arise from ecotourism is that the presence of people in protected 

areas and reserves can disrupt the behavior and health of wildlife. For example, the behavior of 

five species of water bird at Loxahatchee National Wildlife Reserve in Florida was altered in the 

presence of visitors. The amount of time that the birds spent feeding and foraging decreased in 

the presence of people. Time spent foraging also decreased as noise increased (Burger & 

Gochfeld, 1998). Although some consequences may seem large, proper research on the land used 

for ecotourism can help determine the carrying capacity of human presence in these areas in 

order to have the least impact on the wildlife (Obua,1997). Recognizing carrying capacity in the 

context of the ecosystem and its residents can be a beneficial tool in controlling the number of 

tourists who enter these locations, avoiding degradation all together and limiting their effect on 

natural systems. There is always a chance that the introduction of ecotourism could require 

indigenous people to relocate, as seen in Tanzania where the Maasai people lost control of their 

land for an ecotourist operation (Bishop, 2022). If done responsibly, however, both parties - 

ecotourism and indigenous people - can benefit from the sector. When education, both natural 

and cultural, is included as a pillar of ecotourism, it has the opportunity to broaden the 

perspectives of tourists and locals together. This education can then turn into appreciation and 

value for the land and one’s own home, enhancing conservation efforts as a whole (Abuamoud et 

al., 2015).  
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Costa Rica’s tourism market began in the 1950’s with domestic beaches (Jones & 

Spadafora, 2017). The creation of new railways and the expansion of the Pan-American highway 

in 1946 allowed for easier access to locations more desired by tourists. With the expansion of 

more roads that allowed access to remote areas of the country and the creation of an international 

airport in San Jose in 1957, it became easier and easier for tourists to explore the country’s 

natural scenery (Jones & Spadafora, 2017). Costa Rica’s National Park system was created in 

1974, making 25% of its natural flora protected and public to tourists and locals alike, giving the 

largest access to Costa Rican ecosystems to date (Jampol, 2014). As ecotourism’s popularity 

increased over the years, it is now one of Costa Rica’s largest economic sector along with the 

industries involved with it, such as agritourism and the travel sector that assists in getting 

ecotourists to their desired destinations (Rojas, 2003; Library of Congress). By attracting nearly 

4 million people, Costa Rica made $3.4 billion from ecotourism in 2019, accounting for 5% of 

the country’s GDP (Thelwell, 2020).   

Costa Rica contains many designated ecotourist locations around the country. One of 

these locations resides two hours outside of San Jose, Costa in Puerto Viejo de Sarapiqui, called 

La Selva Research Station. Created in 1968, it was the first of many private forest reserves 

created throughout the country. The station maintains nearly 1,600 hectares of natural and 

protected tropical rainforest that is utilized by researchers to study its natural systems, for 

academic learning opportunities, and ecotourism itself (Madrigal, 2023). Another notable 

location is Costa Rica’s Monteverde Cloud Forest Biological Reserve, which was created in 

1972 and contains 10,500 hectares of cloud forest. Cloud forests now only account for 1% of the 

remaining forests around the world, making this reserve vital to its inhabitants. Much like La 

Selva, this reserve also promotes research, incorporates the community, and provides insightful 
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knowledge to 70,000 visitors per year regarding eco-literacy. Non-national adults can visit the 

reserve for $25 and resident adults for only $8, and the profits return to protect the reserve and 

provide income for its employees. Researchers at the reserve work attentively at determining the 

appropriate visitor carrying capacity that best caters to the wellbeing of the forest and its 

inhabitants (Monteverde Cloud Forest Biological Reserve, 2023).   

Ecotourism is prosperous in Costa Rica, making it a model of success for many other 

countries. A part of this success correlates with the sustainable practices utilized within the 

services of ecotourism. For example, Selva Bananito Ecolodge in the Limon Province of Costa 

Rica utilizes recycled wood from waste to construct their lodges and heat their facilities with 

solar panels. In addition, they also limit their noise production and pollutions in order to 

minimize effects on the natural flora and fauna located there (Secrets Edition, 2022). In an article 

analyzing the benefits and drawbacks to ecotourism in Manuel Antonio, Monteverde, and 

Tortugero, Costa Rica, researchers found that there were no net negative consequences of 

ecotourism regarding the environmental, economic, and social impacts. Through their 

comparison between the benefits and drawbacks of ecotourism within each these sectors, the 

negative consequences did not outweigh the benefits. In fact, they found that the environmental 

benefits outweighed the drawbacks in Tortugero, giving it a sustainable rating (Koens et al., 

2009).   

The benefits of ecotourism in Costa Rica can thus be correlated to their native species of 

primates. When ecotourism is a critical contributor to the protection of habitats, the wildlife 

tends to flourish, specifically primates. A study looking at the conservation portfolios of four 

different regions in Costa Rica examined the correlation between participation in only 
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ecotourism, excluding the PES program, and primate abundance. The more involvement in 

ecotourism by landowners increased the percentages of the encounter rates for the four native 

primates within the corresponding areas. For example, the Las Cruces area had 10% participation 

in ecotourism and had a group encounter rate of primates of 0.07 groups per kilometer. The La 

Selva area had a participation percentage of 29% and a group encounter rate of 0.35 groups per 

kilometer. Manuel Antonio had participation in ecotourism of 50% and had a group encounter 

rate of 0.7 groups per kilometer. Finally, the Piro area had the highest participation in ecotourism 

of 56% and a primate group encounter rate of 0.8 groups per kilometer. These results show that 

the application of ecotourism provides positive benefits to primates, allowing them to roam 

freely throughout their native habitat. In fact, the Piro area, the location with the highest 

percentage of ecotourism, also encountered the largest number of primates groups at 59 groups. 

On the other hand, Lac Cruces, the area with the lowest participation in ecotourism only had an 

encounter of 3 different groups (Tafoya et al., 2020). It seems to be that ecotourism supports the 

growth of primate populations when applied in the correct manner.   

Costa Rica, as a hub for ecotourism, has had the privilege of being able to directly see the 

benefits that result from it. Creating various employment opportunities in running and managing 

ecotourism operations can assist local community members and generate income for local and 

indigenous groups, despite some saying that ecotourism does otherwise (Horton, 2009). For 

example, ecotourism within Tortugero National Park provides the rural communities located 

close to the park with part-time employment, allowing them to remain connected to their native 

land (Jacobson & Robles, 1992). Ecotourism is one of the most valuable tools utilized by the 

National Park System (NPS), substantially increasing its sustainability. Of the 230 protected 

areas under the NPS, around 110 of them contain “ecolodges” offering enjoyable activities for 
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tourists such as learning about wildlife, conservation, and local cultural heritage, substantially 

increasing their popularity and allowing another source of income for the NPS (Honey, 2003; 

Lepree, 2008). A study analyzing the sustainability of ecotourism in Lapas Rios Ecolodge Nature 

Reserve in Costa Rica found that tour activities within the reserve had little to no negative effect 

on the native wildlife and instead shielded the area from mining and other anthropogenic threats. 

In fact, the reserve was able to increase the abundance of endangered rodents and ground birds 

through their conservation efforts (Lopez Gutierrez et al., 2020). The Punta Islita eco-lodge in 

the Nicoya Peninsula, Costa Rica not only had positive effects on the economic gain of local 

communities but on the reforestation rates of the surrounding area as well (Almeyda et al., 2010). 

Finally, a clear benefit of Costa Rican ecotourism has been its economic gain to the country. 

Ecotourism itself has a profound influence on the Gross National Profit of the country where 

from 1970 to 1995, the GNP increased from $1,000 million to $9,000 million, ultimately giving 

it an increase in international operations and production (Narayan, 1998). As of 2009, 17% of the 

country’s GNP was influenced by tourism and this number continues to grow at least 5% each 

year (Rutter, 2009). It is clear that ecotourism is a useful tool for sustainable wildlife 

conservation in Costa Rica, despite some possible negative consequences.   

In order to prevent the potential downsides of ecotourism, it is important that those who 

are partaking in the business focus on a few guidelines. These include limiting social and 

behavioral impacts on wildlife, focusing the intent of ecotourism on environmental and cultural 

education, and contributing to the conservation of nature in some way. Education in ecotourism 

is extremely important when it comes to outweighing the risks with the benefits. Some may 

argue that ecotourism supports urbanization and deforestation of natural forest because an 

increase of ecotourists could lead to the need for more roads and buildings, all to account for the 
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increase in local and international visitors (Brandt & Buckley, 2018). Indeed, if done under the 

wrong circumstances, ecotourism can exacerbate the negative effects of anthropogenic activities, 

but there are ways to get around this while also promoting ecotourism. For example, in 2003 

Lapos Rios Ecolodge received a Certificate for Sustainable Tourism and was awarded five-leaf 

status, a ranking of sustainability, from the Costa Rica Tourism Board regarding their hotel. 

Guests not only get to immerse themselves within the rainforest but also can embark in other 

activities such as native craftwork and kayaking (Lanier, 2014).   

Some studies show that ecotourism affects primate behavior and feeding tendencies due 

to visitor interactions, possibly threatening both parties due to aggressive behavior exhibited by 

the primates (Webb & McCoy, 2014). However, a study conducted in Curu Wildlife Reserve in 

Costa Rica revealed that white-faced capuchin behavior did not significantly differ between areas 

with visitors and without. The mantled howler monkeys within the study did display an increased 

sensitivity to noise in areas with tourists, often howling in response to the noise (McKinney, 

2014). This ultimately reveals the importance of research and applying important protocols for 

ecotourist activities. Clearly, every species is different and reacts to variables in different ways. 

The best practice is to sufficiently inform tourists about safety protocols and to respect wildlife 

by implementing the necessary components to limit the direct impact on wildlife itself. 

Additionally, ecotourism poses increased risk of disease transmission between humans and non-

human primates (Tafoya et al., 2020). Applying necessary regulations and prohibitions to 

ecotourism excursions such as restricting littering, using face coverings when ill, remaining a 

certain distance from the animals, and providing educational seminars before tours, can 

significantly prevent the dangers posed by zoonotic disease transmission from both parties, 

humans and primates (Muehlenbein & Ancrenaz, 2009).   
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Along with Costa Rica’s effective policies and action towards deforestation and climate 

change, ecotourism is the last key factor that makes this country especially effective at wildlife 

conservation, and ultimately, primate conservation. Through this conservation technique, Costa 

Rica has been able to find an efficient balance that not only assists native primates but also 

native human communities. Costa Rica will continue to provide a prime example of the benefits 

of ecotourism.   

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

 

 



 70 

Chapter 6: Costa Rica as an effective model for primate conservation  

Humans and our non-human primate relatives are connected in more ways than we think, 

and the fate of our planet is not just an issue for wildlife, it’s an issue for humans as well. 

Ultimately, we should care about these situations that are affecting primates and their 

environment because, down the line, they will affect us too. When forests become depleted, the 

organisms residing within them do not simply remain stagnant. Instead, wildlife tends to migrate 

into the territory of humans. These migrations substantially increase the chances of spreading 

zoonotic diseases from human to animal, or animal to human (The Humane League). For 

example, one study revealed that greater increases in cumulative deforestation percentages were 

positively associated with the incidence of malaria within Brazil. For every 4.3% change in 

deforestation, there would be a 48% increase in the incidence of malaria (Olson et al., 2010). As 

deforestation continues to occur for many reasons, sometimes for cattle pastures, those who work 

in the industry are almost twice as likely to be infected by an infectious disease (Shah et al., 

2019).   

Deforestation also increases the risk of food insecurity to many people, especially 

indigenous peoples who heavily rely on the resources provided by the rainforest. Losing these 

resources can cause food insecurity for many human communities which can displace entire 

populations of people. After all, nearly 25% of the global population relies on forests for their 

livelihood (The Humane League). Also, industrial agriculture almost always results in soil 

infertility. Soil degradation from the planting of monocultures causes the soil to be unusable for 

future crop growth due to the nutrients being depleted (Uren, 1992). There are nearly 783 million 

people across the globe who are currently experiencing chronic hunger and the threat that 
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deforestation poses, especially in the face of nutrient depletion and the spread of disease from 

monocultures, increases this number substantially (UN World Food Programme).   

Furthermore, current environmental conditions worldwide are the cause of a third of the 

25,000 child deaths every day from circumstances such as infectious diseases, food and water 

toxins, air contaminants, extreme weather, and population displacement (Myers, 2009; Sheffield 

& Landrigan, 2011). If climate change progresses, large portions of the human population will 

begin experiencing heat waves and increased risk of wildfires. In 1995, nearly 800 lives were 

lost in Chicago due to extreme temperatures caused by heat waves (Hayhoe et al., 2010). Natural 

disasters are becoming not so natural as well. With increases to sea water levels and decreases in 

reef roughness, tsunamis pose higher threats in areas located near reefed coasts, threatening the 

safety of millions of people (Shao et al., 2019). In the 1990s, natural disasters accounted for over 

62,000 deaths, displaced 200 million people, and accumulated economic losses of more than $69 

billion (Myers, 2009). The effort to end climate change cannot just occur in one region but must 

occur collectively across all regions.   

Regardless of whether protecting the world’s primates inherently protects us too, is it not 

our duty to protect these organisms because it is the right thing to do? It is my opinion that 

animals, specifically non-human primates, have moral status. This claim means that primates 

matter, not because of any relationships or interests they share with humans, but simply because 

they matter in their own right (DeGrazia, 2002). The dangers we pose to primates through 

deforestation and climate change aren’t just wrong because they also hurt us, they are wrong 

because it hurts them. It is because primates have moral status that they also have moral rights 

through equal consideration. These moral rights inherently should allow them protection from 

suffering because they have interests that are as of much importance as humans (DeGrazia, 
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2002). In this way, the suffering of primates through these anthropogenic stressors is as morally 

important, and detrimental, as it would be for humans. Because of their moral status that gives 

them moral rights, they should be treated with enough consideration as would be permissible to 

humans. Ending climate change and deforestation would be important steps in eliminating their 

suffering and allowing them their right of moral status.   

Peter Singer, Professor of Bioethics and philosopher, once said, “the speciesist allows the 

interests of his own species to override the greater interests of members of other species” 

(Singer, 2019). Speceisism refers to the idea that humans are preferred, or superior, than other 

species and thus other species are exploitable. The poor reason in regard to speciesism can be 

viewed through this analogy. Being born into one race or another is as completely random of a 

chance as being born into a certain species (Gruen, 2017). As humans, we have already 

established that racism is morally wrong, which can correspondingly be said for speciesism. The 

random chance of who we are should serve as reason enough to protect wildlife and not view 

them as inferior because they are not the human species. We do not get to decide who we are 

until after we are born unto the Earth, and the same goes for other animals. Our basic instincts 

drive us to survive and prosper, and the same goes for other species. Just like how we believe we 

deserve the right to live, and more precisely, live a fulfilled life, animals desire this as well. Is it 

permissible to deny them this right? I think not.   

I argue that believing that our species is inherently superior because we may be more 

advanced or intelligent than another species doesn’t give us the right to exploit the lives of other 

species. As humans, we have constructed so many ideas that we believe only apply to ourselves, 

but the application of our constructs onto other organisms reveals that all species share 

something in common with one another: we are alive and strive to remain alive. One may argue 
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that humans are an exceptional species because we have social systems, problem solve, and feel 

emotion, but as previously relayed, there are certainly many species who experience these same 

abilities. Like humans, primates are highly sentient beings, meaning that they have high levels of 

awareness and increasingly high cognitive abilities. Their high cognition gives them the ability to 

be self-aware and to reflect on their own feelings (Marino, 2010). Primates feel pain as we do, 

where this pain can result from the stressors of indirect human actions on primates such as 

starvation through resource deprivation (Manning & Vierck, 1973). Just as we wish to avoid pain 

and limit the pain we cause onto other humans; the same principle should be valued pertaining to 

primates. Pain is pain, no matter the being. If we wish to live in a peaceful and cohesive world, 

we should limit the infliction of pain in all aspects.   

Through vast efforts, Costa Rica has been extremely effective at restoring and protecting 

its nation’s wildlife, including the four species of primates that reside there. The increasing 

population sizes of mantled howler monkeys and white-faced capuchins in reforested areas are 

an important example of this (Fedigan & Jack, 2001). The Payment for Ecosystem Services, The 

National Biological Corridors Program, their Nationally Determined Contribution plan, their 

commitment to The Paris Agreement of 2015, and ecotourism, all contribute substantially to 

Costa Rica’s success. these programs, regulations, and tactics allow the restoration and 

preservation of their unique wildlife so that they can persist on for years to come.  By reforesting 

their deforested areas that were so vastly depleted at one point, they have been able to 

successfully restore ecosystems and protect the organisms within these systems. The effective 

work of ecotourism has promoted their success by allowing the monetary contributions of 

ecotourism to continue the efforts of conservation, educating ecotourists in environmental 

concerns, and providing employment opportunities to native residents. The incentivization 
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program, Payments for Ecosystem Services, that Costa Rica’s government provides not only 

assists in reforesting areas and protecting pre-existing forests but benefits the public by providing 

monetary compensation that can be used for the improvement of family structures and 

commitment to community projects (UNCC).   

By implementing sustainable transportation via an electric train, creating and updating a 

National Decarbonization Plan, and committing to their National Decarbonization Plan, Costa 

Rica has made many necessary leaps in order to combat its own carbon emissions (Contribution 

Nationalmente Determinada). Costa Rica’s proposed plans and actions involve many sectors and 

organizations who all have vocalized their commitment to the 1.5-degree Celsius trajectory for 

carbon emissions. By replanting forests and minimizing the release of carbon emissions, Costa 

Rica has tackled climate change in several different ways, all with the same goal of protecting 

the natural world and humans who also live within it. Their efforts provide a superb model for 

other areas around the world who also host non-human primates (IPCC, UNDC). The 

regeneration of forests has assisted in the population growth of various primates species and the 

use of PES has given primates the opportunity to remain in their preferred habitats (Fedigan & 

Jack, 2001; Tafoya et al., 2020). Costa Rica’s commitment to their NDC will slow the pace of 

climate change, lessening the risk of seasonality changing and influencing the behavior of 

primates (UNEP). Finally, ecotourism also assisted in the increase of the abundance of primates 

and allowed for further regeneration of forests to provide suitable habitats for primates in the 

future (Tafoya et al., 2020; Kerr et al., 2003).  

Guatemala, for example, containing similar primate species to Costa Rica, would drastically 

benefit from Costa Rica’s conservation structure. Guatemala is home to four species of primates. 

These include the Mexican howling monkey (Alouatta palliata mexicana), the black howling 
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monkey (Alouatta pigra), the Mexican spider monkey (Ateles geoffroyi vellerosus), and the 

Yucatan spider monkey (Ateles geoffroyi yucatanensis). According to the International Union for 

Conservation’s Red List, all four of these species are threatened, ranging from “vulnerable” to 

“critically endangered” (Primates-SG, 2007). Extremely similar to Costa Rican howlers, the 

howler monkeys of Guatemala are located within lowland forests and swamps, also having 

folivorous-frugivorous diets where they consume nearly 130 different plant species located 

within their habitats (New England Primate Conservancy).   

In Guatemala, the Mayan Lowlands have experienced extreme rates of deforestation from 

2000 to 2008 (Manoharan, 2009). Due to this deforestation, these regions have now begun to 

experience unstable seasonal variations that threaten all wildlife living within and around these 

regions, including primates (Manoharan, 2009). These variations include decreased soil moisture 

and increased average temperatures during the dry season (Manoharan, 2009). The Guatemalan 

government, although making wildlife and pet trade illegal, experiences illegal catch of various 

species throughout the nation, exacerbating declining populations suffering from climate change 

and deforestation all together (Pasachnik & Ariano, 2010). In the 2011 Climate Change 

Vulnerability Index, Guatemala was considered the 19th most vulnerable country to the impacts 

caused by climate change (Maplecroft, 2010). Guatemala also ranks in the top five of countries 

who suffer the most from natural disasters, which will continue to be detrimental to the rural 

populations who rely on agriculture for income as long as these negative anthropogenic activities 

continue on (Climate Change Knowledge Portal).   

Nicaragua similarly is home to the mantled howler monkey, two species of spider 

monkey, and the white-faced capuchin. This country has also experienced deforestation for 

agricultural purposes and has begun displaying warming land temperatures across the region via 
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climate change (Gourdji et al., 2015). In a study investigating primate populations in fragmented 

forests in several areas of the country, researchers found that spider monkeys and white-faced 

capuchins were significantly diminished in the largest remaining fragmented forest of the region. 

In fact, both species were extinct inside and outside of some protected locations (Williams-

Guillén et al., 2013). The struggling populations of native Nicaraguan primate species also 

necessitates the utilization of Costa Rica’s conservation tactics. In order to heal primate 

populations and forests, action must be taken immediately. The combination of climate change 

and deforestation will only exacerbate the negative consequences that result from these 

stressors.  

Countries like Guatemala and Nicaragua would substantially benefit from utilizing the 

conservation tactics and policies of Costa Rica. It’s clear that the conservation efforts made by 

Costa Rica not only benefit nature, but humans as well, as can be seen through the PES program. 

The stark fact is that nearly 62% of the world’s primates are threatened and around 14% of them 

are considered directly threatened by extinction (Deutsches Primatenzentrum). The safety of the 

world’s primates is directly correlated to the safety of humans because of the stories that 

primates tell us. Primates provide useful insights into human evolution and play valuable roles in 

the religious beliefs of many people (Estrada et al., 2017). For example, in the religious 

traditions of Buddhism, Hinduism, and Shintoism, primates are believed to be highly spiritual 

beings that are to be respected (Gerstein, 2011). Like us, social constructs and behavioral 

adaptations influence the cultural processes of chimpanzee communities (Van Leeuwen et al., 

2018). Without the efforts of other countries around the world making the same progress towards 

environmental sustainability and wildlife conservation as Costa Rica, primates will continue to 

be in danger and so will we.   
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The question remains of how other areas would go about increasing ecotourism in their 

country or region since they may not be as popular of an ecotourist destination as Costa Rica 

currently is. Would the additional funds brought in from ecotourism offset the potential 

environmental detriments that too much tourism can have on habitats? These other regions have 

to start somewhere in order to begin the necessary process of conservation. Starting out small at 

least puts them on the map as tourist destinations providing something unique that no one has 

seen before. From there, they can begin to build bigger and more efficient ecotourist locations 

for the areas where these primates reside and for the ones that need the most help and protection. 

Although these proposed regions for primate conservation may not be as biodiverse as Costa 

Rica, they all have unique features that can attract an audience which can then create a chain 

reaction to more ecotourism, more sites, more protection, more money, and thus more policies 

and tactics for their conservation. There are always downsides to natural locations that humans 

end up coming in close contact with, but with efficient regulations such as those used in Costa 

Rica, they can be maintained. By utilizing ecotourism, attaining similar conservation policies and 

regulations, and implementing vital conservation organizations, these nearby countries can also 

be contributors in saving their native primate species. In order to safeguard Central American 

primates, Costa Rica cannot be the only country treating conservation with the importance that it 

deserves.   

After the implementation and success of ecotourism, protected areas can be expanded 

throughout the proposed country through the help of the country’s government and the funds 

allocated through ecotourism itself. The expansion of protected areas and reserves will guide 

more ecotourist locations, creating more money that will not only increase conservation but also 

increase employment opportunities. From there it is up to the government itself to begin 
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implementing laws and regulations that pertain to the wellbeing of native primates and other 

species of concern. The creation of an NDC in coordination with the Paris Agreement of 2015 as 

well as an incentivization program would launch primate conservation further, motivating 

landowners, the average citizen, and the country as whole to do their part in conservation efforts. 

Eventually enough money will be accumulated to implement the appropriate laws that fight 

against deforestation and climate change, finally giving primates a chance at recovering and 

thriving.  

The loss of primates, no matter the species, would be detrimental to so many regions of 

the world. The ecosystems that exist on Earth contain life that can’t be replaced and the roles that 

each organism fulfills are necessary for the cycle of many life forms to continue (Gascon et al., 

2015). Primates bring a special value to the tropical forests of many regions by contributing to 

biodiversity through seed dispersal and even pollination which substantiates the importance of 

protecting them (Link & Di Fiore, 2006). Costa Rica is an excellent model of their protection 

through their various policies and tactics which, I believe, can be efficiently used by other 

regions of the world who need to utilize primate conservation tactics in order to protect their own 

primates.   
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