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Abstract: In the face of widespread habitat destruction and forest fragmentation, it is critical to understand primate demogra-
phy to assess population viability across populations inhabiting continuous forests and fragmented landscapes.  While mantled 
howler monkeys (Alouatta palliata) have traditionally been considered resilient to habitat destruction, their populations are 
declining and are now rated “Vulnerable” on the IUCN Red List of Threatened Species.  In this study, we assessed the demog-
raphy of the mantled howler monkey population at La Selva Research Station, a protected forest in northeastern Costa Rica—
providing the first systematic study of population structure in 30 years.  In 2022, we conducted a howler census to ascertain the 
number of groups at La Selva and recorded group size and composition for a subset of the groups.  We then compared popula-
tion density, group size and composition with a population in a nearby protected forest (La Suerte Biological Research Station, 
LSBRS) to help assess the viability of mantled howlers in a small forest fragment.  The mantled howler population at La Selva 
has grown substantially since 1992 with, at the time of the survey, 25 groups and a population density of 23.4 individuals/km².  
Mean group size was 14.3 with a sex ratio of 1:2.2 and immature to adult ratio of 0.7—in line with mantled howler monkey 
populations throughout the species’ range.  The population density at La Selva was, however, almost five times lower than the 
forest fragment at LSBRS, although group size and composition did not differ across sites.  Overall, our results highlight the 
importance of forest protection for mantled howler monkeys. 
Keywords: population density, forest fragmentation, La Selva Research Station, La Suerte Biological Research Station, pri-
mate census, protected areas

Resumen: Ante la destrucción generalizada del hábitat y la fragmentación de los bosques, es fundamental comprender la 
demografía de los primates para evaluar la viabilidad de la población en las poblaciones que habitan bosques y continuos y 
paisajes fragmentados.  Si bien los monos aulladores (Alouatta palliata) se han considerado tradicionalmente resistentes a la 
destrucción del hábitat, sus poblaciones están disminuyendo actualmente y ahora están clasificados como “vulnerables” en 
la Lista Roja de la UICN.  En este estudio, evaluamos la demografía de la población de monos aulladores en la Estación de 
Investigación La Selva, un bosque protegido en el noreste de Costa Rica, proporcionando el primer estudio sistemático de la 
estructura de la población en 30 años.  En 2022, realizamos un censo de aulladores para determinar la cantidad de grupos en 
La Selva y registramos el tamaño y la composición de los grupos para un subconjunto de los grupos.  Luego comparamos la 
densidad de población, el tamaño de los grupos y la composición con un fragmento de bosque protegido cercano (Estación 
de Investigación Biológica La Suerte, LSBRS) para ayudar a evaluar la viabilidad de los aulladores en un pequeño fragmento 
de bosque.  La población de aulladores en La Selva ha crecido sustancialmente desde 1992, con 25 grupos y una densidad de 
población de 23.4 individuos/km².  El tamaño medio del grupo fue de 14.3 con una proporción de sexos de 1:2.2 y una pro-
porción de inmaduros a adultos de 0.7, en línea con las poblaciones de monos aulladores en toda su área de distribución.  La 
densidad de población en La Selva fue casi cinco veces menor que el fragmento de bosque en LSBRS, aunque el tamaño y la 
composición de los grupos no varió entre los sitios.  Nuestros resultados destacan la importancia de la protección del bosque 
para los monos aulladores de manto.
Palabras clave: densidad poblacional, fragmentación del bosque, Estación Científica La Selva, Estación Científica Biológica 
La Suerte, censo de primates, áreas protegidas
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Introduction

It is increasingly critical to understand primate demog-
raphy in order to assess population viability (Lawler 2011; 
Klass et al. 2020a), especially in the face of widespread 
habitat destruction and forest fragmentation (Haddad et al. 
2015).  In Costa Rica, for example, forest fragmentation 
has increased over the past few decades largely due to con-
version to banana and pineapple plantations (Garber et al. 
2010).  This habitat fragmentation greatly impacts wildlife, 
constituting a major cause of declining primate populations 
worldwide (Arroyo-Rodríguez and Dias 2010; Estrada et al. 
2017).  To ascertain whether primate populations are sus-
tainable in forest fragments, it is essential to compare the 
demographic structure of primates living in forest fragments 
with those inhabiting continuous forests.

Research demonstrates an inverse relationship between 
habitat size and population density, with higher population 
densities typical in forest fragments compared to continuous 
forests across a variety of primate species (e.g., Propithecus 
diadema: Irwin 2007; Alouatta palliata: Arroyo-Rodríguez 
and Dias 2010; Alouatta pigra: Klass et al. 2020a).  High 
density populations in forest fragments likely experience 
heightened feeding competition with a concomitant increase 
in stress, compared to those in larger, continuous forests 
(Arroyo-Rodríguez and Dias 2010; Chaves et al. 2011), 
which might impact a variety of population parameters 
including group size, sex ratio, and ratio of immatures to 
adult females (Richard et al. 2002; Gilbert 2003; Cristobal-
Azkarate et al. 2005).  In Brazil, for example, bearded saki 
(Chiropotes satanas chiropotes: now C. sagulatus) group 
size was directly related to fragment size, with the largest 
groups in continuous forest and the lowest group sizes in 
the smallest fragments (Boyle and Smith 2010).  Klass et al. 
(2020b) reported that there were significantly fewer adult 
males in black howler monkey groups inhabiting forest frag-
ments compared to a large, protected forest in Mexico. 

Mantled howler monkeys are well-studied primates 
that range throughout Central America and northern South 
America (Di Fiore et al. 2011; Melin et al. 2020).  They 
are folivore-frugivores (Aristizibal et al. 2017; Righini et 
al. 2017) that selectively feed in tall trees and prefer fruit 
and young leaves when they are available (Chapman 1988; 
Bolt et al. 2021a, 2023).  Mantled howlers are known for 
their long calls (“howls”), which have a loud, deep roaring 
sound and are produced predominantly by adult males (Alt-
mann 1959).  They typically live in multimale-multifemale 
groups of ~10–15 individuals (Bezanson et al. 2008; Ryan et 
al. 2008; Di Fiore et al. 2011), and both males and females 
disperse from their natal groups (Glander 1992).  Mantled 
howler monkey population density generally ranges from 
15–30 individuals/km² (Di Fiore et al. 2011).  For example, 
population density at Los Tuxtlas, Mexico, was 23.3 indi-
viduals/km² (Estrada, 1982), while in La Pacifica, Costa 
Rica, population density was 30 individuals/km² (Clarke et 
al. 2002).

As a result of their generalist diets and energy-mini-
mizing lifestyles (Estrada et al. 1999; Schreier et al. 2021, 
2022a), mantled howler monkeys can live in a wide range 
of habitats, from old growth forest to disturbed environ-
ments (Estrada 2015; Garber and Kowalewski 2015), and 
have thus been considered resilient to anthropogenic habi-
tat change (e.g., Garber et al. 2006; McKinney et al. 2015).  
Some studies indicate, however, that howler monkeys are 
indeed susceptible to habitat destruction (Arroyo-Rodríguez 
and Dias 2010).  In fact, mantled howler monkey popula-
tions are declining and they are now rated as “Vulnerable” 
on the IUCN Red List of Threatened Species (Cortés-Ortíz 
et al. 2021).  It is thus crucial to document mantled howler 
demography at long-term study sites in forests of various 
sizes to provide a baseline from which to monitor popula-
tion structure over time (Bolt et al. 2022b), and to compare 
populations inhabiting fragmented landscapes to those in 
larger forests to better understand the monkeys’ ability to 
withstand habitat alteration.

We (L.M.B. and A.L.S.) recently reported an exception-
ally high population density of the mantled howler monkey 
population in the study area at La Suerte Biological Research 
Station (LSBRS), a small forest fragment (3 km²) in north-
eastern Costa Rica (Bolt et al. 2022b).  LSBRS is one of 
increasingly few protected forested areas in a region of Costa 
Rica that has been largely deforested since the 1970s, due 
mainly to cattle ranching and large-scale banana and pineap-
ple production (Garber et al. 2010; Molina 2015).  LSBRS is 
surrounded by cattle pasture and coconut plantations, form-
ing distinct borders with the protected forest (Molina 2015).  
While the population density of 109.5 individuals/km² is the 
highest reported for this species to date (Bolt et al. 2022b), 
the mean group size of 13.1 is typical of mantled howlers 
(Bezanson et al. 2008; Di Fiore et al. 2011), suggesting that 
they may be effectively mitigating feeding competition in 
the face of an elevated density of individuals.  However, 
the immature to adult female ratio (IFR) of 0.5 signifies a 
declining replacement rate.  Heltne et al.’s (1975) model 
posits that an IFR greater than 1.5 is required for mantled 
howler populations to remain stable without immigration, 
which suggests the LSBRS population may not be sustain-
able based on birth rate alone at its current density.

To help assess the viability of the LSBRS population, 
in this study we examined the demography of the mantled 
howler monkey population at La Selva Research Station, a 
large forest in the same region of Costa Rica as LSBRS.  
While only 90 km apart and harboring a similar flora and 
fauna, La Selva is five times the size of LSBRS and forms a 
continuous forest with Braulio Carrillo National Park.  This 
study marks the first demographic evaluation of the La Selva 
howler population in thirty years.  In 1992, Stoner (1994) 
conducted a howler census that indicated 15 mantled howler 
monkey groups at La Selva.  She also recorded detailed 
group size and composition data for seven groups in 1990, 
and reported a mean group size of 11, resulting in a popula-
tion density of 7–15 individuals/km² (Stoner 1994). This is 
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Figure 1. La Selva Research Station in Heredia Province, Costa Rica. Solid white lines indicate the La Selva property line; red circles show the locations of the 24 
howler census observation sites. 
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at the low end of typical population densities for this species 
(Di Fiore et al. 2011), which may reflect a slow rebound 
from the yellow fever epidemic in the 1950s that decimated 
primate populations in Central America (Fishkind and Suss-
man 1987; Stoner 1994). 

The goals of this paper are twofold: 1) to provide 
updated mantled howler monkey demographic data for La 
Selva Research Station, and 2) to compare howler demog-
raphy between a continuous forest (La Selva) and a small 
forest fragment (LSBRS) in the same region of Costa Rica. 
In May 2022, we (C.E.J., M.D.W., and A.L.S.) carried out 
a population census at La Selva following the same meth-
ods as Stoner (1994) to ascertain if and how howler monkey 
demography had changed over the past thirty years.  We 
(A.L.S.) also assessed group size and composition for a 
sample of the howler groups at La Selva. We expected the 
population to have increased in size given the time elapsed 
since the yellow fever outbreak. 

Furthermore, we predicted that population density would 
be higher at LSBRS than La Selva based on studies dem-
onstrating an inverse relationship between forest size and 
population density (e.g., Irwin 2007; Arroyo-Rodríguez and 
Dias 2010; Klass et al. 2020b).  We also predicted that group 
size would differ across LSBRS and La Selva, although 
research is inconsistent, with some studies showing a direct 
association between group size and population density 
(Fedigan et al. 1998) and others suggesting that group size 
is lower in smaller areas (Gilbert 2003; Ewers and Didham 
2006).  Finally, we predicted a higher ratio of immatures to 
adult females (IFR) at La Selva compared to LSBRS.  We 
predicted this due to the low IFR found at LSBRS coupled 
with the widespread deforestation in the areas surrounding 
the forest fragment, which likely limits dispersal opportuni-
ties for females which would consequently reduce the ratio 
of immatures to adult females (Bolt et al. 2022b).

Methods

Study site and study population
La Selva Research Station (10°26'N, 83°59'W), oper-

ated by the Organization for Tropical Studies, is located in 
northeastern Costa Rica where the ríos Sarapiquí and Puerto 
Viejo converge (McDade and Hartshorn 1994). La Selva, 
15.4 km², comprises tropical wet forest (primary and sec-
ondary), pastures, areas managed for research and education 
(succession plots, arboretum), and research station infra-
structure (laboratories and cabins) (Matlock and Hartshorn 
1999). While most of La Selva’s forest lies within the natu-
ral boundaries of the rivers (McDade and Hartshorn 1994), 
agricultural development and villages border the rivers and 
their tributaries on the northern, eastern, and western edges.  
The southern border of La Selva is adjacent and connected to 
Braulio Carrillo National Park which consists of ~440 km² 
of cloud and tropical rainforest (Bell and Donnelly 2006).  
The size of La Selva and the fact that it is continuous with 

a larger national park makes it ideal for comparing howler 
demography with the small forest fragment at LSBRS. 

Three species of primates inhabit La Selva: mantled 
howler monkeys (Alouatta palliata), white-faced capuchins 
(Cebus imitator), and Geoffroy's spider monkeys (Ateles 
geoffroyi).  The mantled howler monkey population has 
been systematically surveyed only once before, in 1992 
(Stoner 1994). At that time, there were 15 groups of howl-
ers at La Selva and mean group size was 11, resulting in a 
population density of 7–15 individuals/km².  The sex ratio 
was 1:1.2 and the IFR was 0.9.

Demography data collection
We determined the number of mantled howler monkey 

groups inhabiting La Selva by conducting a howler census on 
29 May 2022.  Following the methods employed by Stoner 
(1994), we (A.L.S., C.E.J, M.D.W) along with 42 volunteers 
(students, researchers, and local community members) sam-
pled howler long calls (howls) across 24 sites throughout the 
La Selva forest, with two data collectors stationed at each 
site from 4:00–7:00 (Fig. 1). We used the same site loca-
tions as Stoner (1994), although in a few cases we had to 
shift slightly given current forest conditions.  Upon hearing 
howls, data collectors recorded: 1) the time the howl was 
heard, 2) the direction angle (in degrees) from the origin of 
the howl, and 3) the distance from the origin of the howl 
using three distance categories: close (0–50 m), near (50–
1000 m), and far (1000+ m) (Johnson et al. accepted; Stoner 
1994).  Data collectors were trained in the days preceding 
the census. 

In May–June 2022, A.L.S. collected group demography 
data for about a third of the La Selva howler monkey groups.  
The large size of La Selva and limited personnel precluded 
us from sampling all groups.  For similar reasons, Stoner 
(1994) also conducted her population census throughout La 
Selva and then sampled seven of the groups; she calculated 
population density by multiplying the number of groups 
generated from the census by the mean group size of the 
groups she sampled, divided by the total size of the reserve.  
As part of a larger study examining monkey behavioral ecol-
ogy across forest fragments and larger, continuous forests 
(Bolt et al. 2018, 2019, 2020a, 2020b, 2021a, 2021b, 2022a, 
2022b, 2023; Bolt and Schreier 2022; Schreier et al. 2021, 
2022a, 2022b), we collected howler monkey group demo-
graphic data between 6:00 and 17:00.  Researchers located 
howler groups in the morning based on their vocalizations, 
known location the previous day, or opportunistically, and 
stayed with the group for as long as possible.  We recorded 
the number of adult males, adult females, juveniles, infants, 
and unidentified adults during each sampling day and, to 
ensure accurate demographic data, we repeated our counts 
throughout the day, especially when the group traveled 
single-file across a trail.  While we could not identify all 
individuals across groups, we distinguished groups from 
one another based on distinctive characteristics of group 
members (e.g., unique coloration patterns), location, and 
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demographic information (e.g., number of infants in the 
group) (Bolt et al. 2022b).  To further ensure that we exam-
ined data from distinct groups, we only included in our anal-
yses demographic data from groups that we followed for at 
least several consecutive days, and where we had multiple 
opportunities to record accurate group size and composition.  
This resulted in demographic data for eight howler monkey 
groups. 

Data analysis
To analyze the howler census data, we visualized the 

recorded howling location data using ArcGIS Pro 3.0 and 
conducted a point cluster analysis using the angle and dis-
tance category data.  Using a cluster distance of 50 m, a group 
was identified by a cluster characterized by at least two calls 
heard by different volunteer pairs (Johnson et al. accepted).  
We calculated mean group size and SD by averaging group 
sizes of the eight howler groups for which we had accurate 
group composition data.  Following Stoner (1994), we cal-
culated the population density by multiplying the number of 
groups resulting from the howler census by the mean group 
size, and dividing that by the total size of La Selva.

We calculated the male:female sex ratio by dividing the 
mean number of adult females across groups by the mean 
number of adult males.  Similarly, we calculated the imma-
ture to adult female ratio (IFR) by dividing the mean number 
of infants plus juveniles by the mean number of adult females 
(Zucker and Clarke 2003).  To compare howler demography 
at La Selva in 2022 to that from 1990, we used the dataset 
from May–June 2022 and compared it to group composition 
data from June–July 1990 as reported in Table 2 in Stoner 
(1994).  To compare current demography at La Selva to that 
at LSBRS, we used our La Selva dataset from May–June 
2022 and the LSBRS group size and composition data from 
December 2021 – January 2022 reported in Table 2 in Bolt 
et al. (2022b).  We used Mann-Whitney U tests to compare 
mean group size and mean number of adult females, males, 
juveniles, and infants across the La Selva datasets as well as 
between La Selva and LSBRS.  We used SPSS version 26 
for these analyses (IBM SPSS Statistics, IBM Corporation, 
Armonk, NY, USA) and statistical significance was set at p 
< 0.05.

Results

The point cluster analysis generated 27 distinct clusters, 
indicating 27 howler monkey groups at La Selva.  Our data 
suggest that a couple of the howler groups may inhabit forest 
just over the La Selva border in Braulio Carrillo National 
Park, and we therefore conservatively report that there are 
25 howler monkey groups within the La Selva forest.  Mean 
group size at La Selva was 14.3 (±4.3) with a range of 9–21 
(Tables 1 and 2).  The howler monkey population density 
was therefore 23.4 individuals/km². 

The mean number of adult males per group at La Selva 
was 3.0 (±1.2) with a range of 1–5, while the mean number 

of adult females was 6.5 (±2.5) ranging from 4–11 (Table 
1).  The adult male:female sex ratio was 1:2.2.  The mean 
number of juveniles at La Selva was 2.4 (±1.6) ranging from 
1–6, and the mean number of infants was 1.9 (±1.1) with a 
range of 0–3 (Table 2).  The immature to adult female ratio 
(IFR) was 0.7 (Table 2). 

There were 10 more groups at La Selva in 2022 than in 
1992 (25 groups in 2022 vs. 15 groups in 1992), leading to 
higher population density in 2022 compared to 1992 (23.4 
individuals/km2 in 2022 vs. 7–15 individuals/km2; Stoner 
1994).  While mean group size was higher in 2022 com-
pared to 1990 (10.9 ±3.5), this difference was not statisti-
cally significant (Table 2).  There were significantly more 
adult females per group in 2022 compared to 1990 (4.0 ±1.0; 
U = 8.0; p = 0.02), but the mean number of adult males, 
juveniles, and infants did not differ significantly (Table 2).  
Consequently, the sex ratio was much lower in 1990 (1:1.2) 
than 2022 (1:2.2), while the IFR was higher in 1990 (0.9) 
than in 2022 (0.7). 

With respect to demography across the LSBRS forest 
fragment and the larger forest at La Selva, the population 
density at LSBRS of 109.5 individuals/km2 was almost five 
times that at La Selva.  The sex ratio was the same across 
sites, while the IFR was higher at La Selva (Table 2).  Mean 
group size and mean number of adult males, adult females, 
juveniles, and infants did not differ significantly across sites 
(Table 2). 

Discussion

Overall, our results demonstrate that, as expected, the 
mantled howler monkey population density at La Selva has 
increased since 1992.  Furthermore, in 2022 the population 
density at LSBRS was substantially higher than at La Selva.  
Most measures of group size and composition, however, 
were similar across thirty years at La Selva and between La 
Selva and LSBRS at the present time. 

The howler population density at La Selva is now almost 
twice as high as it was thirty years ago, and it now falls 
within the species’ typical range.  The density of 23.4 indi-
viduals/km² is the same as in Los Tuxtlas, Mexico (Estrada 
1999) and similar to the stable population at La Pacifica, 
Costa Rica (Clarke et al. 2002).  Bigger groups often accom-
pany higher population density (Fedigan et al. 1998), which 
is what has occurred at La Selva.  The mean group size of 
10.9 monkeys in 1990 is on the lower end of usual mantled 
howler monkey group sizes of ~10–15 individuals, while 
14.3 is on the higher end (Di Fiore et al. 2011).  The fact 
that both the population density and mean group size are 
currently typical for the species suggests that the howler 
population has effectively rebounded from a population dip 
following the past yellow fever epidemic and is currently 
thriving.

The population density at La Selva is almost five times 
lower than the population density at LSBRS.  The population 
density at LSBRS, however, has been quite high for almost 
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25 years.  In 1999, the population density was 73.7 individu-
als/km² (Pruetz and Leasor 2002) and it remained relatively 
stable through 2018 (Bolt et al. 2022b).  Since then, density 
increased rapidly to 94.1 individuals/km² in January 2020 
and further to 109.5 individuals/km² in January 2022 (Bolt 
et al. 2022b).  This upsurge occurred just after additional 
nearby forest was cleared for cattle pasture and pineapple 
plantations (Molina pers. comm.), which likely prompted 
monkeys from surrounding regions to migrate into the 
LSBRS forest (Bolt et al. 2022b).  It remains to be seen how 
this recently elevated density will impact the population. 

Given the considerable difference in population density 
across La Selva and LSBRS, we would expect mean group 
size to differ as well.  However, there was no difference in 
mean group size, with current group sizes at both sites typi-
cal of mantled howler monkeys across their range (Bezan-
son et al. 2008; Di Fiore et al. 2011).  It is important to 
note that group size prior to 2022 at LSBRS was lower than 
typical, with mean group size less than 10 in 1999 (Pruetz 
and Leasor 2002) and from 2017–2019 (Bolt et al. 2022b), 
which likely helped to reduce feeding competition (Chap-
man et al. 1995; Dias and Rodríguez-Luna 2006; Bolt et al. 
2021a, 2023).  It is possible that the monkeys have not been 

able to maintain low group sizes since the population density 
increase since 2019.  While mantled howler monkey groups 
are generally spatially cohesive (Milton 1980; Crockett and 
Eisenberg 1987), in a few populations groups are known 
to separate into subgroups (Leighton and Leighton 1982; 
Chapman 1989), including at LSBRS (Bezanson et al. 2008; 
Schreier et al. 2021).  We have not yet observed such group 
fissioning at La Selva (Schreier unpubl. data), although fur-
ther research is needed to confirm this.  Splitting into sub-
groups at LSBRS, therefore, may be sufficient for reducing 
feeding competition, allowing them to live in similar sized 
groups as at La Selva.

With respect to group composition at La Selva, there 
were significantly more adult females per group in 2022 
compared to 1990, while the mean number of males stayed 
the same, resulting in a sex ratio that was twice as high in 
2022.  The 1:1.2 sex ratio from 1990 is one of the lowest 
ever reported for this species, whereas 1:2.2 in 2022 is 
within the typical range for mantled howler monkeys (Di 
Fiore et al. 2011).  Elsewhere in Costa Rica, for example, 
Clarke et al. (2022) recorded three females for every male 
at La Pacifica in 1998, and Fedigan et al. (1998) recorded 
almost twice as many females as males in groups at Santa 

Group 
identification 

number

Total group 
size

No. of adult 
males

No. of 
adult 

females

No. of 
juveniles

No, of 
infants

No. of 
unknown 

adults

1 21 5 11 2 3 0

2 10 2 4 1 3 0

3 11 3 5 2 1 0

4 9 1 4 2 2 0

5 12 3 7 1 0 1

6 16 3 6 3 1 3

7 17 3 6 6 2 0

8 18 4 9 2 3 0

Table 1. Mantled howler monkey group composition at La Selva Research Station in May-June 2022.

Study site Sampling 
season

No. of 
groups 

sampled

No. of 
one-male 
groups

No. of 
multi-male 

groups

Adult male 
to female 

ratio

Immature to 
adult female 
ratio (IFR)

Mean group 
size (± SD)

Pop. density 
No. of 

monkeys/km²

La Selva 
Research 
Station  

May-June 
2022 8 1 7 1:2.2 0.7 14.25 (4.3) 23.4

*La Selva 
Research 
Station  

June-July 
1990

July 1992
7 1 6 1:1.2 0.9 10.86 (3.5) 7-15

**LSBRS Dec 2021
to Jan 2022 11 2 9 1:2.2 0.5 13.1 (4.7) 109.5

Table 2. Summary of mantled howler monkey group demography at La Selva Research Station and LSBRS.

*Demography data reported in Table 2 of Stoner (1994)
**Demography data reported in Tables 1 and 2 of Bolt et al. (2022)
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Rosa National Park in Costa Rica in each year from 1983–
1992.  In 1986, the Organization for Tropical Studies (OTS) 
acquired the southernmost area of the property, which con-
nected its forest to Braulio Carrillo National Park, allowing 
secondary growth and connectivity to increase since then 
(Schelhas and Sánchez-Azofeifa 2006).  From 1987 to 1994, 
two years after Stoner (1994) conducted the census, areas 
southwest and north of the property were owned by OTS 
and protected, which further expanded the property and 
increased connectivity with the national park, thus increas-
ing dispersal opportunities (McDade and Hartshorn 1994).  
The population growth at La Selva can be attributed to a rise 
in the number of adult females which may have occurred 
via increased dispersal from females from the bordering 
national park. 

Across several species of howler monkeys, research-
ers have reported fewer adult males per group in forest 
fragments compared to continuous forests (Van Belle and 
Estrada 2006; Zunino et al. 2007), including in mantled 
howlers (Arroyo-Rodríguez and Dias 2010).  There was no 
difference, however, in mean number of adult males and 
adult females or sex ratio between the fragment at LSBRS 
and continuous forest at La Selva in 2022, despite the fact 
that dispersal opportunities are likely limited at LSBRS by 
the surrounding plantations and pastures.  The number of 
males per group at LSBRS may therefore be a consequence 
of the elevated density of solitary males compared to most 
other mantled howler sites (Bolt et al. 2021b); it is possible 
that there was an influx of lone males during the popula-
tion surge in 2019, which then successfully joined groups 
by 2022.

The immature to adult female ratio (IFR) is a mea-
sure of reproductive rate, with high ratios indicating higher 
reproductive rates (Zucker and Clarke 2003).  The IFR at 
La Selva was, however, only slightly higher in 1990 com-
pared to 2022 despite the substantial increase in population 
size.  While it is possible that the difference (0.9 vs. 0.7) is 
too small to be biologically meaningful, this may be further 
evidence that the population growth was due largely to more 
frequent female dispersal from adjacent areas as opposed to 
increased birth rates.  It may also indicate that the popula-
tion has approached carrying capacity and thus population 
growth is slowing.  It will be important to study dispersal 
across La Selva and Braulio Carillo National Park to better 
understand migration patterns and group composition in this 
population.  The IFR is lower at LSBRS (0.5) than at La 
Selva, which is consistent with low IFRs in other mantled 
howler populations inhabiting fragmented landscapes (Cris-
tobol-Azkarate et al. 2005).  However, the difference is akin 
to that at La Selva between 1990 and 2022, so it is unclear 
if this difference signifies differences in population health 
between the sites, especially considering that the IFR of the 
stable population at La Pacifica was 0.6, very similar to what 
we report for La Selva and LSBRS.  It will be important 
to monitor birth rates and dispersal patterns more closely at 

both La Selva and LSBRS to better understand demography 
at both sites. 

We also plan to improve sampling of group size and 
group composition across the entirety of La Selva in the 
coming years.  The current analyses are based on a subset 
of howler monkey groups at this site, as was the case thirty 
years ago (Stoner 1994).  While in both sampling years 
(1990 and 2022) group size and composition were gener-
ally consistent with mantled howlers across their range, it is 
possible that the other groups in the forest differ from those 
we (and Stoner) sampled, potentially skewing our results.  
Furthermore, we were unable to use the same methods at 
both sites. At both La Selva and LSBRS, we determined 
the number of groups based on sampling the entire forest, 
as was the case for group size and composition at LSBRS.  
At La Selva, however, we could sample only a subset of 
groups due to limited personnel and the large size of the 
forest.  Despite the fact that we used different methods at the 
two sites, the results still allow us to compare demography 
across a small forest fragment and a larger, continuous forest 
in the same year.  Our results provide a useful baseline as 
we continue to monitor the health of these mantled howler 
monkey populations.

Overall, our results highlight the importance of forest 
protection given that forest structure and biodiversity impact 
howler monkey density (Peres 1997).  The number of man-
tled howler monkey groups at La Selva has almost doubled 
since 1992, and group size has increased, resulting in a much 
larger population.  It is critical that its protected status be 
maintained to ensure that this population continues to thrive.  
LSBRS is one of the few protected forest fragments in its 
vicinity, providing refuge for wildlife as nearby forest has 
been cleared for agriculture.  The influx of monkeys in 2019 
combined with reduced dispersal opportunities for those 
natal to LSBRS likely led to the extremely high population 
density there today (Schreier et al. 2021; Bolt et al. 2022b), 
which may not be sustainable, especially if deforestation 
continues apace.  Costa Rica has committed to conservation, 
with protected areas covering 25% of the country (Sanchez 
2018; Tafoya et al. 2020).  The demographic structure at La 
Selva suggests that the monkeys at this site are currently 
effectively protected.  The results from LSBRS are less clear.  
Given that group size and composition do not indicate poor 
population health at LSBRS, it is possible that the high den-
sity is sustainable; however, it is critical that deforestation 
near LSBRS cease in order to prevent the population density 
from increasing even more.  It is also important for LSBRS 
to connect to other protected areas via corridors.  A plan to 
develop a large-scale corridor linking Tortuguero National 
Park and Braulio Carillo National Park has been underway 
since 2018 (Programa Nacional de Corredores Biológicos 
de Costa Rica, 2019), and incorporates linking small forest 
fragments including LSBRS (Bolt et al. 2022a).  Once com-
plete, this corridor may alleviate pressure from the current 
high density at LSBRS.
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