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Secondary forests are now prominent features in Neotropical landscapes, yet little is known about their conservation 
value for nonvolant mammalian communities. We performed a 20-month study using transect walks to survey the 
nonvolant mammal fauna in primary and secondary forests at La Selva Biological Station in the Caribbean lowlands of 
northeastern Costa Rica. We found that secondary forests can hold complex mammalian communities and no species 
exhibited habitat preferences between primary and secondary forests. With few exceptions, behavioral and group 
dynamic characteristics of mammal species were similar between forest types. Our research allows us to address 
methodological questions and assess the effectiveness of transect sampling. Monthly detection rates vary widely by 
species and likely reflect short-term changes in behavior rather than population fluctuations. Air temperature and 
rainfall are the factors most associated with monthly detection rates for various species. Small-scale areas of higher 
and lower use are evident for several species. Neither time of morning for surveys nor number of observers per trail 
affects detection rate. We report current abundances for the most commonly observed species and note generally lower 
densities in the Caribbean lowlands than elsewhere in the Neotropics. This research highlights that in less seasonal, 
evergreen forests climatic factors can still affect mammalian behavior. Overall, we find that secondary forests are of 
high conservation value and that transect walks are an effective methodology to sample many nonvolant mammal 
species, and we present recommendations on how to sample properly to conduct rigorous and long-term studies.

Los bosques secundarios son mucho más comunes en el neotrópico, pero poco se sabe sobre su importancia en la 
conservación de comunidades de mamíferos no voladores. Durante 20 meses llevamos a cabo un estudio usando 
líneas de transectos para investigar la fauna de mamíferos no voladores en bosques primarios y secundarios 
en la Estación Biológica La Selva en las tierras bajas caribeñas al noreste de Costa Rica. Pudimos constatar 
que los bosques secundarios pueden albergarcomplejas comunidades de mamíferos y ninguna especie exhibe 
preferencias de hábitat entre bosque primario y secundario. Con pocas excepciones, las características dinámicas 
de grupo y comportamiento de especies de mamíferos fueron similares entre los dos tipos de bosque. Nuestra 
investigación nos permite abordar cuestiones metodológicas y evaluar la eficacia del muestreo con transectos. 
Las tasas mensuales de detección varían de acuerdo a la especie y probablemente reflejan cambios a corto plazo 
en las fluctuaciones del comportamiento en vez de la población. La temperatura del aire y la precipitación son 
los factores más asociados con las tasas mensuales de detección de distintas especies. Encontramos que varias 
especies muestran diferentes incidencias de uso en zonas pequeñas. Ni la hora de la mañana, ni el número de 
observadores en las encuestas por transecto afectan la tasa de detección. Presentamos la abundancia actual de 
las especies más comúnmente observadas y notamos en general bajas densidades en las tierras bajas del Caribe 
más que en otras partes del neotrópico. Esta investigación resalta que en los bosques menos estacionales, factores 
climáticos aún pueden afectar el comportamiento de mamíferos. En general, encontramos que los bosques 
secundarios son de alto valor para la conservación y que los muestreos en transectos son una metodología eficaz 
para estudiar muchas especies de mamíferos no voladores y presentamos recomendaciones sobre cómo llevar a 
cabo muestreos adecuados para realizar estudios rigurosos a largo plazo.
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Tropical ecosystems support some of the highest biodiversity 
in the world, but have suffered from an array of anthropogenic 
disturbances that threaten the survival of many populations and 
species. Among these threats, high levels of deforestation and 
habitat degradation remain serious risks to these ecosystems 
as forest cover continues to decrease. Nevertheless, converted 
land, used as pastures or agricultural fields, is often abandoned 
and allowed to regrow after being overworked (Nepstad et al. 
1991). Consequently, secondary forests are becoming a domi-
nant feature of tropical landscapes (Wright and Muller-Landau 
2006a; Gardner et al. 2007a). Worldwide, tropical secondary 
forests are created at a rate of 9 million ha per year, account for 
~40% of all forested areas (Brown and Lugo 1990), and have 
overtaken a sixth of primary forests that were deforested in the 
1990s (Wright 2005). In fact, some countries will likely only 
have secondary forest cover in the future (Wright and Muller-
Landau 2006a; Parry et al. 2007).

The value of secondary forests to aid in the biodiversity crisis 
has been a subject of considerable debate among scientists and 
remains controversial largely because of lack of data (Wright 
and Muller-Landau 2006a, 2006b; Gardner et al. 2007a). Thus, 
it is necessary to better understand the manner and extent to 
which species respond to these forest type differences, and how 
specific these responses are. Primary and secondary forests 
can vary significantly in both abiotic and biotic factors; such 
variation is determined in part by the history of land use and the 
age of the secondary stand (Guariguata et al. 1997; Guariguata 
and Ostertag 2001). Differences include biomass (De Camargo 
et al. 1999; Hughes et al. 1999), composition, richness, and 
demography of plants (Guariguata et al. 1997; Turner et al. 
1997; Ferreira and Prance 1999), liana and epiphyte charac-
teristics (Barthlott et al. 2001; Letcher and Chazdon 2009a), 
nutrient stocks (Hughes et al. 1999; Johnson et al. 2001), and 
microclimates (Uhl and Kauffman 1990). These abiotic and flo-
ristic differences in primary and secondary forests would pre-
dict differential faunal responses. Overall, studies have found 
that primary forests typically have higher species richness and 
have different community compositions than secondary forests 
(Blake and Loiselle 2001; Pröhl 2002; Dunn 2004; Parry et al. 
2007; Barlow et al. 2007a; Gardner et al. 2007a; Gibson et al. 
2011).

Birds are considered one of the most sensitive taxa and dif-
ferences are often detected between the 2 forest types (Blake 
and Loiselle 2001; Dunn 2004; Parry et al. 2007; Barlow et al. 
2007a, 2007b; Gibson et al. 2011). Insects show mixed results 
(Vulinec 2002; Dunn 2004; Barlow et al. 2007a; Gibson et al. 
2011), likely due to extremely disparate life strategies and met-
rics measured. Mammal studies, which do not show clear pat-
terns, primarily focus on rodents and bats (Gibson et al. 2011) 
and probably are not representative of the responses for mam-
malian communities as a whole.

Mammals are integral components of Neotropical systems 
(Cuarón 2000) and play critical roles in the complex interac-
tions of tropical food webs. Mammals acting as seed predators 
or dispersers ultimately affect plant demography and compo-
sition in these forests (Sánchez-Cordero and Fleming 1993; 

Brewer and Rejmánek 1999; Mangan and Adler 2002; DeMattia 
et al. 2006; Hanson et al. 2006). Mammal communities, abun-
dances, and behaviors can be affected by food resources, which 
can be directly or indirectly related to floristic characteristics. 
Some species, such as howler monkeys and agoutis, are known 
to be affected both in abundance and behavior by forest quality 
(Jorge 2008; Senf 2009).

Although we would predict differences in the community 
composition and behavior of mammals between primary and 
secondary forests, this might not always be true. For instance, 
land use history, the proximity to source populations, and the 
age of regeneration often strongly impact recovery rates of sec-
ondary forests, and ultimately shape their resemblance to pri-
mary forests (Guariguata et al. 1997; Guariguata and Ostertag 
2001). The few studies focusing on medium to large mammals 
show mixed results (Parry et al. 2007; Gibson et al. 2011). Yet, 
no one has investigated community differences among forest 
types in the Caribbean lowlands of Central America. Caribbean 
lowland mammal communities differ in the species composi-
tion and relative abundances from the more studied Amazonian 
communities. A more informed view of the ecological value of 
secondary forests and the generality of conclusions (e.g., are 
responses consistent throughout the tropics and for many taxa?) 
requires studies on the effect of forest type on medium to large 
mammals in diverse locations.

To assess the conservation value of secondary forest and eco-
logical factors that shape communities, there is a need for long-
term studies with standardized methodologies for rigorous 
comparisons among sites, years, and taxa. Inconsistent meth-
odologies hinder consensus concerning the conservation value 
of regenerating forests (Barlow et al. 2007a; Gardner et al. 
2007a). Additionally, identifying locations for future surveys 
will provide robust datasets that will allow us to understand 
regeneration processes.

The goal of this study is to compare nonvolant mam-
mal communities in primary and secondary forests in the 
Caribbean lowlands of Costa Rica. We worked at La Selva 
Biological Station because it offers a valuable comparison to 
other Neotropical sites, it is representative of the understudied 
less seasonal forests of the Caribbean lowlands, the history of 
forest use and types is well documented, and because of the 
major role this field station plays in tropical ecology. Our 1st 
objectives are to compare community composition of medium 
and large mammals, species habitat preferences, and behav-
ioral differences of species in primary and secondary forests. 
Our next objective is to lay the methodological groundwork 
for rigorous long-term surveys so that cross-site studies and 
long-term data can be compared accurately, resulting in a 
broader understanding of ecological and conservation issues. 
We specifically address sampling effort, effects of population 
fluctuations on cross-site/year comparisons, and the degree to 
which variation in environmental factors or microhabitat alters 
detection. Further, we address whether time of day, number 
of observers, or time sequence of trail surveys is important. 
Overall, our work allows us to compare mammalian abun-
dances in Caribbean lowland forests to other Neotropical sites 
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and to make recommendations about how to sample these 
mammalian communities properly.

Materials and Methods

We surveyed on 348 days from September 2005 to June 2007 
by walking 5 trails at La Selva Biological Station (Fig. 1). 
La Selva (10°26′N, 83°59′W) is located in northeastern 
Costa Rica’s Caribbean lowlands at the confluence of the Río 
Sarapiquí and the Río Puerto Viejo. La Selva is just over 16 km2 
of primary forest, selectively logged primary forest, secondary 
successional forests, and abandoned pastures and plantations 
(McDade and Hartshorn 1994). Annual average rainfall is ~4 m, 
with precipitation peaks occurring June–August and October–
November (McClearn et al. 2016). La Selva is a well-protected 
site, with trained guards who patrol the area, although there is 
some illegal hunting (A. Romero, pers. obs.). Most mammal 
species at La Selva are typical of Neotropical rainforests and 
distributed widely (Timm 1994).

We understand that using sites only within La Selva 
Biological Station is not ideal; however, finding true replicates 
at the landscape level is not possible. Different sites would not 
be equivalent in size, shape, surrounding matrix, land use his-
tory, hunting pressure, proximity to other fragments, etc. Yet, 
we gain power in this long-duration analysis (21 months) by 
comparing primary and secondary forests that differ mostly on 
forest successional factors, as has been done in previous studies 
(e.g., Guariguata et al. 1997; Romero et al. 2013).

Trails, all on preexisting man-made paths, traverse a variety 
of habitats including primary and secondary forests with dif-
fering land use histories, managed successional plots, the arbo-
retum, and ecological reserve. Four trails (1–4) were walked 
during the morning starting at ~0700 h. Trail 5, which over-
lapped in areas with trail 1, was walked nocturnally starting 

at ~1900 h (Fig. 1). Surveying only took place when there was 
not heavy rainfall (pausing mid-survey if necessary). We aban-
doned surveys if we could not finish the walk before 1100 h 
or 2300 h. We walked a total 981.7 h, surveying 1,052.36 km 
(848.36 km diurnally and 204 km nocturnally).

Only 1 observer walked trails, except for the last 5 months, 
when 2 observers walked diurnal trails together. We walked 
trails at ~1 km/h. When a nonvolant mammal was encountered, 
we recorded species, location, time, perpendicular distance 
from animal to the trail, and mode of detection (sight or sound). 
Distance from ground level was noted for arboreal species. 
Groups were recorded as 1 encounter, and all data collected 
were based on the 1st sighted individual. Additionally, we 
recorded group size and radius (measure of extent that group 
covers the ground). All distances were visually estimated, and 
binoculars were used to confirm identifications. Surveyors 
were trained and practiced estimating distances prior to begin-
ning surveys, and our long-term research and subsequent large 
sample size allows us to buffer any biases caused by random 
and small inaccuracies in measurement. We used powerful 
flashlights during nocturnal surveys.

Detection rates are calculated as number of sightings per km 
walked (DRKm) and number of sightings per h walked (DRHr). 
To test if monthly DRKm and DRHr can be used interchange-
ably, we performed a correlation for the entire survey, the diur-
nal portion only, and the nocturnal portion only.

Primary and secondary forests.—Community composition 
differences between primary and secondary forests were tested 
with a monthly DRKm based on the number of individuals 
seen for each species in both forest types and a Multi-response 
Permutation Procedure with Sørensen (Bray–Curtis) distance 
measure. This procedure was run in PC-ORD v. 5, following the 
recommendations of McCune and Grace (2002). We used GIS 
land use layers from the OTS La Selva Geographic Information 

Fig. 1.—Map of La Selva Biological Station in Sarapiquí, Costa Rica. Trails 1–4 were walked diurnally, and trail 5 nocturnally, for this study.
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Systems website (OTS 2011a) to assign each sighting as pri-
mary forest (all primary forest and ecological reserves) or sec-
ondary forest (includes all secondary forest types). Trail 2 is 
omitted from this analysis because of its edge habitat, and trail 
5 was not included because it was the only nocturnal trail.

To test for habitat preferences between primary and second-
ary forests in diurnal data, we categorized each mammal sight-
ing by forest type as described above. We used chi-square tests, 
with expected values standardized based on km walked in each 
forest type, to assess habitat preference for all sightings com-
bined, and specifically for species that had sufficient numbers of 
sightings to meet chi-square assumptions: agoutis (Dasyprocta 
punctata), spider monkeys (Ateles geoffroyi), howler monkeys 
(Alouatta palliata), white-faced capuchins (Cebus capucinus), 
variegated squirrels (Sciurus variegatoides), and red-tailed 
squirrels (Sciurus granatensis).

We use Mann–Whitney U-tests to examine whether group 
size and group radius differ in primary and secondary forests for 
monkey species and coatis (Nasua narica). We include single-
tons in the analysis for group size, but exclude them when look-
ing at group radius (i.e., we omitted zeros). Coatis are excluded 
from the group radius analysis due to insufficient data.

We test if perpendicular sighting distance for spider, howler, 
and white-faced capuchin monkeys, agoutis, coatis, red-tailed 
squirrels, and variegated squirrels differs in primary and sec-
ondary forests with Mann–Whitney U-tests. Differences in 
the aboveground height between primary and secondary for-
ests are tested for the 3 monkey species, and the red-tailed and 
variegated squirrels via Mann–Whitney U-tests. We test if the 
height above ground for the 3 monkey species differ with a 
Kruskal–Wallis test.

We create species accumulation curves as a function of 
km walked in primary and secondary forests to assess if sam-
pling was sufficient in each forest type. Due to unequal sam-
pling effort across days (transects of varying length sampled 
on different days), we could not weigh each sampling day 
equally. Therefore, for each forest type, we randomize our sur-
vey days 100 times to avoid any bias in the results that might 
arise because of the particular order in which the surveys actu-
ally occurred. We then fit a 2-parameter, exponential rise to 
maximum regression line in the form of y = a(1 − ebx), where 
y = accumulated species, b = coefficient that reflects the rate of 
increase to a, determined by the regression model, x = accumu-
lated km walked, and where a was forced to be the maximum 
number of species found. We then compare our simulated data 
to actual data by taking the simulated curves and extracting 
data points, such as km where the curve plateaued and number 
of species where this plateau occurs.

Sampling and methodological considerations.—To deter-
mine if our sampling is sufficient for the overall survey, we 
create and visually inspect species accumulation curves for 
the entire survey (diurnal and nocturnal surveys combined), 
diurnal portion only, and nocturnal portion only as a func-
tion of km walked. We also fit a regression line as described 
above for species accumulation curves in primary and second-
ary forests.

To assess population trends through time, we graph monthly 
DRKm for the entire survey, nocturnal portions only, and 
diurnal portions only and perform Pearson correlations with 
monthly DRKm and time. Additionally, we graphically viewed 
monthly DRKm for agoutis, spider monkeys, howler monkeys, 
capuchins, kinkajous (Potos flavus), and variegated and red-
tailed squirrels to discern population patterns for these species.

We test if environmental factors affect monthly DRKm by 
performing stepwise linear regressions with alpha-to-enter 
and alpha-to-remove equal to 0.15. Variables entered are mean 
daily rainfall (mm), air temperature (°C), maximum air temper-
ature (°C), and minimum air temperature (°C) for the current 
and previous month. Stepwise linear regressions are performed 
for the diurnal portion, nocturnal portion, and diurnal and noc-
turnal DRKm combined. Additionally, we explore how these 
variables affect DRKm for agoutis, spider monkeys, howler 
monkeys, capuchins, and kinkajous. Meteorological data used 
were from La Selva’s weather station (OTS 2011b).

To assess if there are areas of high or low use at La Selva, we 
broke each trail into 300-m segments. Within each segment, we 
calculate the probability of having at least 1 mammal encounter 
by dividing the number of days where at least 1 mammal was 
seen by the total number of days that segment was sampled. For 
each trail, we then examine the probabilities for each segment 
to detect areas of high or low use. We repeat this same analysis 
for agoutis, spider monkeys, howler monkeys, and capuchins. 
To assess areas of high or low use, we calculate a binomial 
cumulative probability for each category (mammals, agoutis, 
spider, howler, and capuchin monkeys). The binomial probabil-
ity of success is the mean of the number of days where at least 
1 sighting occurs over all survey days for each category on each 
trail. Segments with probabilities lower than 5% of the cumu-
lative binomial distribution are deemed areas of low use, and 
segments higher than 95% are deemed hotspots.

We use a chi-square test with Yate’s correction to determine 
if more mammals are first detected by sight or sound. We test 
this for the entire survey, diurnal surveys alone, nocturnal sur-
veys alone, and for individual species (agoutis, monkeys, and 
kinkajous).

During the last 5 months of the survey, we added an observer 
to the diurnal trails. To test if this increase in sampling effort 
affects DRKm, we perform a Mann–Whitney U-test using 
DRKm for the 5 months prior to this increase in observers and 
the 5 months after. We omit data from January 2007, because 
halfway through this month the change occurred.

All diurnal surveys started at ~0700 h, and were completed 
by 1100 h. To test if time of day within this ~4 h span (early 
morning versus late morning) affected mammal activity and 
could have confounded our results (detection rates and identi-
fication of hotspots), we alternated the direction in which trails 
1 and 3 were walked from January–August 2006. We calculate 
an average sunrise time for each month (timeanddate.com) and 
broke up the trails into an “early” section and “late” section. The 
“early” section of the trails is defined as any portion of the trail 
walked between sunrise and 2:45 h after sunrise, and the “late” 
portion is the area of the trail walked after sunrise + 3:15 h. 
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This creates a 30 min buffer in between “early” and “late” that 
is discarded from the analysis. We chose + 2:45 and + 3:15 h 
after sunrise because it divides the trails into “early” and “late” 
sections that are similar in the amount of time walked. Thus, 
each survey day for trail 1 and 3 was broken up into an “early” 
section and a “late” section, and because these trails were 
walked in alternating directions “early” and “late” sections are 
on opposite ends of the transect for alternating days. Although 
this early/late designation was consistent, the time spent in both 
sections on a given day was not always equal, so the number of 
mammals seen was standardized. We did this by standardizing 
the section with the longest amount of time spent. For this sec-
tion, we multiplied the number of mammal encounters by the 
ratio of time spent in the shorter duration section to the longer 
duration section. We then perform Mann–Whitney U-tests to 
compare for each trail the standardized number of encounters 
in the same spatial area, but at different times (i.e., “early” ver-
sus “late” in the same physical area).

We use Distance 6.0 (2011) to estimate abundances for spe-
cies with 18 or more sightings. For social mammals, we first 
tested that group size did not affect detection by performing 
correlations between distances and group size; none of these 
correlations are significant. We estimate the density of groups 
(any group was treated as 1 sighting) using mean perpendicular 
sighting distance for each species. Even solitary species were 
sometimes seen with juveniles or aggregated in the same area, 
thus we multiply the group estimates from Distance by mean 
group size to calculate density of individuals.

We used preexisting, man-made trails for our surveys, and 
while these are not ideal for Distance Sampling, it is an adequate 
design for tropical rainforests where creating transects requires 
heavily altering the dense vegetation and can ultimately lead 
to the same issues as using man-made trails (Buckland et al. 
2001). For these reasons, man-made or game trails are com-
monly used for this type of environment and for specific taxa 
(Leca et al. 2013). Additionally, the curvature of the trails was 
not sharp, and thus the winding trails are suitable to avoid mul-
tiple detections of the same animal from different locations on 
the transect (Hiby and Krishna 2001). Furthermore, since only 
1 transect was walked each day, a detection on 1 day would 
have little to no impact on a subsequent day’s detection and 
is accounted for by the general theory of Distance Sampling. 
For these reasons, we feel confident that Distance Sampling is 
appropriate for these data.

results

Over the nearly 2-year survey, we had 846 mammal sightings 
representing 25 species. Seventeen species were seen diur-
nally, and 13 species were detected nocturnally (Table 1). 
Five species (collared peccary, howler monkey, nine-banded 
armadillo, tamandua, and two-toed sloth) were detected both 
diurnally and nocturnally. The most frequently sighted spe-
cies was the collared peccary (Pecari tajacu—Romero et al. 
2013), followed by agoutis. Of the monkeys, we encountered 
spider monkeys most often, then howler monkeys, and lastly 

Table 1.—Detection rates per km (DRKm) for all species in the diurnal and nocturnal portions of the survey. Species are arranged in alphabeti-
cal order within each category of sighting: both diurnal and nocturnal, diurnal only, and nocturnal only.

Species Common name Diurnal DRKm Nocturnal DRKm

Alouatta palliata Howler monkey 0.0731 0.0098
Choloepus hoffmanni Two-toed sloth 0.0012 0.0294
Dasypus novemcinctus Nine-banded armadillo 0.0059 0.1029
Pecari tajacu Collared peccary 0.2558 0.0686
Tamandua mexicana Tamandua 0.0071 0.0098
Unknown mammal 0.0035 0.0588
Ateles geoffroyi Spider monkey 0.1073 0
Bradypus variegatus Three-toed sloth 0.0024 0
Cebus capucinusa White-faced capuchin 0.0660 0
Chironectes minimus Water opossum 0.0012 0
Coendou mexicanus Porcupine 0.0012 0
Dasyprocta punctata Agouti 0.1804 0
Eira barbara Tayra 0.0024 0
Mazama temama Red brocket 0.0012 0
Microsciurus alfari Alfaro’s pygmy squirrel 0.0083 0
Nasua narica Coati 0.0224 0
Sciurus granatensis Red-tailed squirrel 0.0507 0
Sciurus variegatoides Variegated squirrel 0.0307 0
Bassaricyon gabbii Olingo 0 0.0294
Caluromys derbianus Woolly opossum 0 0.0490
Cuniculus paca Paca 0 0.0294
Didelphis marsupialis Common opossum 0 0.0294
Marmosa zeledoni Mouse opossum 0 0.0147
Philander opossum Gray four-eyed opossum 0 0.0147
Potos flavus Kinkajou 0 0.2549
Sylvilagus gabbi Forest rabbit 0 0.0343

a Cebus imitator may be the correct name for the Central American populations of white-faced capuchins.
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white-faced capuchins. Kinkajous were the most frequently 
sighted nocturnal species (Table 1). DRKm for the entire 
survey was 0.8039, with the diurnal DRKm = 0.8204, and 
the nocturnal DRKm = 0.7353. Monthly DRKm and DRHr 
for diurnal and nocturnal (r = 0.943, P < 0.001), only diur-
nal (r = 0.964, P < 0.001), and only nocturnal (r = 0.938, 
P < 0.001) surveys are highly correlated, and because the 
routes were walked at a rate of ~1 km/h, essentially the 
same value.

Primary and secondary forests.—The Multi-response 
Permutation Procedure shows no significant differences in 
the community composition of mammals in primary and 
secondary forests. The chance-corrected within-group agree-
ment, A (the statistic describing the effect size independent 
of sample size), is 0.005, with P = 0.234. The overall number 
of sightings in primary and secondary forests does not differ 
(1ry = 353, 2ry = 247, χ2

1 = 0.807, P = 0.369). No significant 
differences in the number of sightings between forest types 
were observed for agoutis (1ry = 81, 2ry = 52, χ2

1 = 0.819, 
P = 0.366), spider monkeys (1ry = 48, 2ry = 28, χ2

1 = 1.169, 
P = 0.280), howler monkeys (1ry = 24, 2ry = 27, χ2

1 = 2.065, 
P = 0.151), capuchins (1ry = 33, 2ry = 18, χ2

1 = 1.229, 
P = 0.268), red-tailed squirrels (1ry = 24, 2ry = 10, χ2

1 = 2.551, 
P = 0.110), or variegated squirrels (1ry = 11, 2ry = 10, 
χ2

1 = 0.183, P = 0.669).
Group size (Table 2) in primary and secondary forests dif-

fers marginally for spider monkeys (larger in secondary for-
est; U48,28 = 1,668, P = 0.0532) and howlers (larger in primary 
forest; U23,28 = 694.5, P = 0.0692), but not for capuchins 
(U33,18 = 809, P = 0.3391) or coatis (U6,9 = 61, P = 0.1047). 
Mean group radius for howler monkeys is 12.65 m (median = 8 
m, range = 0.25–100 m, SE = 2.49, n = 47), for spider mon-
keys 9.97 m (median = 7 m, range = 0.25–50 m, SE = 1.33, 
n = 69), for capuchins 19.15 m (median = 15 m, range = 2–75 
m, SE = 2.13, n = 48), and for coatis 3.92 m (median = 4 m, 

range = 0.25–10 m, SE = 0.920, n = 9). Group radius is not 
significantly different in primary and secondary forests for 
howler monkeys (U18,18 = 303.5, P = 0.359), spider monkeys 
(U33,26 = 1,010.5, P = 0.760), or capuchins (U27,17 = 646.5, 
P = 0.353). Mean perpendicular sighting distances vary by spe-
cies (Table 3), but are not significantly different in primary and 
secondary forests for any species tested nor for all observations 
pooled (Table 4).

There is no significant difference in aboveground height 
between primary and secondary forests for howler monkeys 
(U

24,27 = 563, P = 0.254), spider monkeys (U48,28 = 1,797.5, 
P = 0.590), capuchins (U33,18 = 922.5, P = 0.207), red-tailed 
squirrels (U46,10 = 1,345.5, P = 0.467), or variegated squirrels 

Table 2.—Group size data for 4 social and 4 nonsocial species. Group size data for the nonsocial species were only used for density estimates and 
not for behavioral analyses. Standard errors are in parentheses; species are binned by the presence or absence of reported data and alphabetically.

Species Mean group size  
without singletons

Mean group size  
without singletons

Range % Singletons Reported mean  
group size in 

literature

Citations

Coati 3.222 (0.761) n = 18 5.44 (1.11) n = 9 1–10 50 2–26 Kaufmann 1962; Burger and 
Gochfeld 1992; Gompper and 
Krinsley 1992; Estrada et al. 1993; 
Glanz 1996; Gompper 1997; 
Beisiegel 2001

Howler monkey 3.574 (0.305) n = 62 4.38 (0.322) n = 50 1–13 22 4.3–27.4 Estrada 1982; Leighton and 
Leighton 1982; Chapman and 
Balcomb 1998; Cristóbal-Azkarate 
et al. 2005; Bezanson et al. 2008

Spider monkey 2.989 (0.193) n = 91 3.57 (0.199) n = 70 1–10 23 3.15–6.2 Weghorst 2007
White-faced capuchin 5.357 (0.475) n = 56 5.98 (0.480) n = 49 1–15 13 9–14.4 Fedigan 1986; Pruetz and LaDuke 

2001
Agoutia 1.107 (0.027) n = 153
Kinkajoua 1.137 (0.056) n = 52
Red-tailed squirrela 1.093 (0.056) n = 43
Variegated squirrela 1.039 (0.039) n = 26

a Nonsocial species that were sometimes seen in groups (likely mothers with juveniles).

Table 3.—Perpendicular sighting distance statistics for all species 
with 6 or more sightings. Sample size is in parenthesis; species are 
binned phylogenetically.

Species Mean (m) Median (m) Range (m) SE

Common opossum 1.08 (6) 0 0–4 0.712
Woolly opossum 2.75 (10) 2 0–8 0.958
Capuchin monkey 8.79 (56) 6 0–40 1.23
Howler monkey 14.29 (62) 10 0–100 2.12
Spider monkey 12.87 (91) 8 0–100 1.58
Armadillo 2.56 (26) 2.5 0–8 0.428
Tamandua 2.13 (8) 1 0–7 0.934
Two-toed sloth 4.29 (7) 3 1.5–12 1.42
Agouti 3.18 (152) 1.75 0–35 0.371
Paca 0.83 (6) 0 0–4 0.654
Pygmy squirrel 2 (7) 2 0–5 0.681
Red-tailed squirrel 3.59 (43) 2.5 0–10 0.453
Variegated squirrel 3.62 (26) 2.75 0–15 0.767
Forest rabbit 2.29 (7) 2 0.5–5 0.576
Coati 5.03 (18) 2.5 0–27 1.74
Kinkajou 5.38 (52) 4 0–25 0.742
Olingo 8.33 (6) 6.5 0–23 3.45
Diurnal survey 6.44 (693) 4 0–100 0.415
Nocturnal survey 3.60 (144) 2 0–25 0.370
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(U11,10 = 99.5, P = 0.139). However, height above ground is 
significantly different between the 3 monkey species: howl-
ers ( X  = 23.17 m, median = 20 m, SE = 1.24, n = 64), spider 
( X  = 21.63 m, median = 20 m, SE = 0.955, n = 91), and 
capuchin monkeys ( X  = 15.02 m, median = 12 m, SE = 1.11, 
n = 56; K64,91,56 = 106, P < 0.001). There is no difference in 
height between red-tailed squirrels ( X  = 4.71 m, median = 3 
m, SE = 0.785, n = 43) and variegated squirrels ( X  = 4.24 m, 
median = 1.5 m, SE = 1.28, n = 26; U43,26 = 1,642, P = 0.091). 
Mean aboveground height for kinkajous is 16 m (median = 15 
m, range = 0–50 m, SE = 1.23, n = 52).

Both the primary and secondary forests surveys had 13 spe-
cies. For the 385 km walked, the species accumulation curve for 
primary forest increases quickly and slows at ~92 km with 11 
species; only 2 more species added by ~215 km (Fig. 2). The 
simulated species accumulation curves are aggregated into the 
regression curve of number of spp. = 13(1 − e−0.0172x) where 
x = km walked (R2 = 0.704). While the regression closely mirrors 
the original results, it plateaus later at ~144 km with 11.8 species, 
~52 km more than the actual results. A similar trend is observed 
for the 290 km secondary forest survey, where a rapid increase 
in species is observed in the first ~98 km, and only 1 more spe-
cies, totaling 13, is added by ~260 km (Fig. 2). Additionally, the 
regression curve is number of spp. = 13(1 − e−0.0187x; R2 = 0.6539). 
This curve also began to plateau at 144 km, coincidentally the 
same as for the primary forest randomizations, with 12.1 species.

Sampling and methodological considerations.—The spe-
cies accumulation curve for the entire survey began to plateau 
at ~303 km of sampling effort. Two more species were added 
later at ~833 km and 935 km. The regression curve of random-
ized sampling days is number of spp. = 25(1 − e−0.0065x), with 
an R2 = 0.7735. The regression does not plateau until ~350 km 
with 22.4 species.

Monthly DRKm was a variable for diurnal surveys, rang-
ing from 0.542 to 1.177, and nocturnal surveys, ranging 
from 0.083 to 2.0 (Fig. 3). Population trends show minor 
decreases in DRKm over time for the diurnal and nocturnal 
surveys combined (r = −0.605, P = 0.005), diurnal surveys 
alone (r = −0.492, P = 0.028), and nocturnal surveys alone 
(r = −0.598, P = 0.005). Species-specific variation in monthly 
DRKm appears more pronounced in some species (e.g., howler 
monkeys and the 2 squirrel species), whereas agoutis have 

variable, but more stable monthly DRKm, with a general nega-
tive trend through time (Fig. 3).

Diurnal DRKm is not associated significantly with any of the 
environmental factors tested, but is marginally related with the 
previous month’s mean daily rainfall (R2 = 0.174, P = 0.068, 
Diurnal DRKm = 0.630 + 0.0164 × previous month’s rainfall in 
mm). Nocturnal DRKm is associated with the current month’s 
mean daily air temperature (R2 = 0.256, P = 0.023, Nocturnal 
DRKm = 8.74 − 0.319 × monthly mean daily air temperature in 
°C), but not with environmental factors of the previous month. 
DRKm for the diurnal and nocturnal surveys combined is not 
associated with any environmental factors of the current or 
previous month.

Agouti detection rate is negatively correlated with the cur-
rent month’s mean daily temperature (R2 = 0.248, P = 0.025, 
Agouti DRKm = 0.00205 − 0.000074 × mean daily tempera-
ture in °C). We found no associations for the previous month’s 
environmental factors. Spider monkey DRKm’s only associa-
tion is a positive correlation with the previous month’s rain-
fall (R2 = 0.236, P = 0.03, Spider monkey DRKm = 0.00005 
+ 0.000005 × previous month’s rainfall in mm). White-faced 
capuchins show a marginally significant association with previ-
ous month’s rainfall also (R2 = 0.184, P = 0.059), although the 
residuals are not normally distributed for this species and thus 
we have little ability to discern the level of confidence in this 
test (Anderson–Darling = 0.848, P = 0.024). Howler monkeys 
and kinkajous show no associations with environmental factors 
for the current or previous month.

The probability of seeing a mammal within a particular 
300-m segment of a trail is variable, ranging from 0.0339 to 
0.4098 (Table 5). The degree of habitat use by mammals for a 
given trail can be quite variable, as in trail 3, or fairly constant 
throughout time, as in trail 4. All species combined, agoutis, 
and monkeys also exhibit patterns of differential habitat use 
(Table 5).

Species accumulation curves for diurnal and nocturnal 
surveys show a plateaued pattern. The diurnal survey lev-
eled off at ~180 km, whereas the nocturnal survey at ~50 km 
(Fig. 4). The regressions for diurnal and nocturnal are num-
ber of spp. = 17(1 − e−0.0067x), with an R2 = 0.589 and number 
of spp. = 13(1 − e−0.0296x), with an R2 = 0.8435, respectively. 
The diurnal regression plateaus at ~288 km with 14.5 species, 

Table 4.—Perpendicular sighting distance statistics between primary and secondary forests for 6 species and all observations (overall). Sample 
size is in parentheses.

Species Primary forest Secondary forest

Mean (m) Median (m) Range (m) SE Mean (m) Median (m) Range (m) SE U P

Capuchin monkey 9.91 (33) 10 0–40 1.61 6.58 (10) 3.5 0–30 2.14 946 0.085
Howler monkey 11.25 (24) 6.5 0–52 2.82 18.41 (29) 12 1–100 3.96 551.5 0.086
Spider monkey 10.7 (48) 6.5 0–50 1.75 16.04 (28) 10 0–100 3.75 1,729 0.202
Agouti 3.20 (81) 2 0–25 0.426 4.010 (51) 3 0–35 0.836 5,336.5 0.817
Red-tailed squirrel 3.72 (24) 3 0.25–10 0.614 3.050 (10) 3 0–7 0.732 426.5 0.734
Variegated squirrel 3.86 (11) 4 0–8 0.65 4.5 (10) 2 0–15 1.74 130 0.550
Coati 7.42 (6) 3.25 0–27 4.27 4.67 (9) 3 0–19 2.02 50 0.860
Overall 5.92 (354) 4 0–52 0.423 7.50 (245) 3 0–100 0.939 109,391 0.126
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where the nocturnal regression plateaus at ~90 km with 12.1 
species.

Overall, we initially detected more mammals by sight than 
hearing (χ2

1 = 25.22, P < 0.0001). When we partition the data 
into diurnal and nocturnal surveys, which sample different 
species (Table 1), we visually detect more animals diurnally 
(χ2

1 = 24.68, P < 0.0001), whereas there is no statistical difference 
for nocturnal surveys (χ2

1 = 1.26, P = 0.2617). We detect mon-
keys as a group more often by hearing (χ2

1 = 13.8, P = 0.0002), 
but there are specific differences. White-faced capuchins are 
detected more by hearing (χ2

1 = 10.58, P = 0.0011). Spider 
monkeys are marginally detected more by hearing (χ2

1 = 3.82, 
P = 0.0506), whereas howler monkeys (χ2

1 = 0.98, P = 0.322) 
are not detected significantly more by either method. Agoutis 
were detected more by sight (χ2

1 = 45.82, P < 0.0001), whereas 
kinkajous are detected more often by hearing (χ2

1 = 6.26, 
P = 0.0123).

The number of observers does not significantly affect DRKm 
(U5,5 = 35, P = 0.1437). For trail 1, the time of day did not sig-
nificantly affect the number of mammal sightings in either of 
the “late” versus “early” pairings (U14,13 = 221.0, P = 0.2315; 
U14,13 = 198, P = 0.942). For trail 3, one “early” versus “late” 
pairing is significantly different (U14,12 = 238.0, P = 0.0126) and 

the other nearly so (U14,12 = 152.5, P = 0.0641). Abundance esti-
mates for different species are reported in Table 6.

discussion

Primary and secondary forests.—Our results demonstrate 
that secondary forests can hold complex communities of 
nonvolant mammals, with species compositions and habitat 
preferences similar to those of primary forests. The complex 
communities observed in La Selva’s secondary forests may be 
due to species having recovered without further major anthro-
pogenic disturbances, low hunting pressure, and/or because 
the majority of mammals sampled have relatively large home 
ranges and do not preferentially use a specific forest type. 
Primary and secondary forests can differ in a variety of ways 
from soil nutrient stocks (Johnson et al. 2001), to the compo-
sition, demography, and coverage of plants (Guariguata et al. 
1997; Letcher and Chazdon 2009b), and the abundance, species 
richness, and sex ratios of many animals (Blake and Loiselle 
2001; Pröhl 2002; Gardner et al. 2007b). In the Caribbean 
lowlands of Costa Rica, when land use has not been intensive, 
structural characteristics (Guariguata et al. 1997; Guariguata 
and Ostertag 2001) and aboveground plant biomass and species 

Fig. 2.—Species accumulation curves for primary forests and secondary forests.

 by guest on M
arch 30, 2016

http://jm
am

m
al.oxfordjournals.org/

D
ow

nloaded from
 

http://jmammal.oxfordjournals.org/


 ROMERO ET AL.—MAMMALS IN PRIMARY AND SECONDARY FORESTS 339

richness of secondary forest can quickly restore themselves 
(~21–30 year) and become similar to primary forest (Letcher 
and Chazdon 2009b). La Selva’s secondary forests arose from 
different land use histories including abandoned pastures and 
plantations (Hartshorn and Hammel 1994), and most have been 
left to regenerate since approximately mid 1970s, although dif-
ferent “ages” of secondary forest are found within the biological 
station. These regenerating forests can have variation in vegeta-
tion structure that depend not only on age since abandonment, 
but also on a variety of landscape factors such as proximity to 
other forested areas (Chazdon et al. 2007). The ability of animal 
seed dispersers to move between primary and degraded forests 
can accelerate regeneration (Wunderle 1997), and La Selva’s 
secondary forests likely benefited from being spatially continu-
ous with primary forest habitat. While this study did not tease 
apart the nuances between successional stages, future studies 
should focus on understanding how forest structure impacts the 
use of secondary forests by complex mammal communities.

Our habitat preference results for specific species are not 
surprising. Agoutis often do well in degraded and fragmented 
forests (Jorge 2008), and studies in Costa Rica show howler, 
spider, and capuchin monkey densities to be similar in primary 
and secondary forests (Lindshield 2006; Weghorst 2007). Red-
tailed and variegated squirrels are typically seen more often in 
secondary and more disturbed forests (Enders 1935; Heaney 

1984; Best 1995), though proximity to primary forest (Enders 
1935) and availability of proper food items (Glanz 1996) can 
be important.

Behavioral and group responses of mammals provide impor-
tant information about how animals cope with environmental 
changes and their degree of behavioral plasticity. Group size, 
group radius, perpendicular sighting distance, and height above 
ground (for arboreal mammals) are behavioral characteristics 
that may change across forest types. For example, group size 
and radius can be affected by predation risk (Roberts 1996), 
and differences in these variables may indicate differing 
responses to forest type directly or indirectly. At La Selva, we 
found differences in behavior and group dynamics for collared 
peccaries in different forest types (Romero et al. 2013), but 
few for the other species discussed here. Group size for spider 
and howler monkeys is the only marginally significant variable 
among these forest types. Secondary forests are often thought 
to offer fewer food resources for primates (Arroyo-Rodríguez 
et al. 2007; Pozo-Montuy and Serio-Silva 2007; Senf 2009) 
and reported behavioral differences in primary and secondary 
forests include changes in diet, time spent resting and feeding, 
frequency of howling, and foraging patterns (Valenzuela and 
Ceballos 2000; Panger et al. 2002; Senf 2009; Chaves et al. 
2011). These results support the hypothesis that La Selva’s sec-
ondary forests have recovered to a level where some species 

Fig. 3.—Monthly detection rates per km (DRKm) and correlations of monthly DRKm through time for the diurnal survey, the nocturnal survey, 
and specific species. DRKm for species used diurnal data, except for the kinkajou (all nocturnal).
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(monkeys, agoutis, coatis, squirrels) no longer exhibit habitat 
preferences or behavioral changes. However, to assess potential 
behavioral changes further, it may be necessary to track and 
compare behaviors in groups of animals that spend significant 
portions of their time in both forest types.

Although our general results show no community composi-
tion differences between forest types, our species accumula-
tion curves highlight that walking both primary and secondary 
forests allowed us to observe more total species. This was a 
result of some species [water opossum (Chironectes minimus), 
prehensile-tailed porcupine (Coendou mexicanus), and Central 
American brocket deer (Mazama temama)] only being detected 
once during the 2-year study. Overall, our species accumula-
tion curves for primary and secondary forests plateaued, which 
suggests that our sampling was thorough, although we did not 
detect all species known to be present in the area (Timm et al. 
1989). Additionally, these curves showed that the minimum 
amount of effort required to reach a relatively stable number 

of species in both forest types is not trivial (~100 km), and our 
randomizations show that it may even require more effort (~50 
km more).

Sampling and methodological considerations.—To study 
Neotropical mammal communities and address questions 
across sites or with long-term data, we need to understand 
methodological issues so that results can be compared accu-
rately. Strip censuses are easy to carry out and costs are rela-
tively low; however, not all species are easily detected (e.g., 
many carnivores, small rodents, and bats). In addition, as 
our species accumulation curves show, the amount of effort 
needed to sample the area properly is not trivial. Moreover, 
even more sampling is needed to address questions of habitat 
choices and behavior, estimate abundances, and determine 
reliable detection rates, as is the case with collared pecca-
ries (Romero et al. 2013). Thus, quick surveys likely will 
not provide data that are representative of the community as 
a whole.

Table 5.—Probability of seeing at least 1 individual, in 1 day, for a 300-m segment.

Trail segment Mammal Agouti Capuchin  
monkey

Howler  
monkey

Spider  
monkey

1–1 0.4098a 0.1475a 0 0.0164 0
1–2 0.5410a 0.1967a 0.0164 0.0492 0.0820a

1–3 0.1967b 0b 0 0.0328 0.0328
1–4 0.4098a 0.0656 0.0164 0.0492 0.0656
1–5 0.2787 0.0328 0 0.0656a 0.0492
1–6 0.2787 0.0820 0.0328a 0 0
1–7 0.2787 0.0820 0 0 0.0656
1–8 0.1148b 0.0656 0.0164 0 0.0328
1–9 0.2295 0.1148 0.0164 0 0
2–1 0.1695 0.0509 0.0170 0.0170 0
2–2 0.2203a 0.0678 0 0.0170 0.0509
2–3 0.2203a 0.1186a 0 0 0.0678a

2–4 0.1356 0.0170 0.0339a 0.0339 0.0339
2–5 0.0848 0 0.0170 0.0509 0.0170
2–6 0.1017 0 0.0170 0.0170 0.0170
2–7 0.0848 0 0 0.0170 0.0170
3–1 0.2712a 0.1695a 0.0339 0 0.0339
3–2 0.1695 0.0508 0.1017a 0 0
3–3 0.2373 0.0847 0.0339 0.0169 0
3–4 0.2373 0.0508 0 0.0169 0.0339
3–5 0.0508b 0 0.0169 0.0169 0
3–6 0.0339b 0 0 0 0.0169
3–7 0.1525 0 0.0508 0.0169 0.0169
3–8 0.0847 0.0339 0.0169 0 0
3–9 0.1695 0.0678 0.0508 0.0169 0.0339
3–10 0.1017 0.0169 0.0339 0 0.0169
3–11 0.2373 0.0169 0.0169 0.0169 0.0678a

3–12 0.1695 0.0678 0.0169 0.0339a 0.0339
3–13 0.3220a 0.0847 0.0169 0.0339a 0.0508a

4–1 0.1698 0.0189 0.0377 0.0377 0.0943a

4–2 0.1698 0 0.0755a 0.0377 0.0566
4–3 0.1509 0.0189 0 0.0377 0.0189
4–4 0.1509 0 0 0.0566 0.0566
4–5 0.1698 0.0189 0.0189 0.0566 0.0566
4–6 0.1698 0 0.0377 0.0189 0.0377
4–7 0.1887 0 0.0566 0.0189 0.0189
4–8 0.0755b 0 0.0189 0.0189 0
4–9 0.0943 0.0189 0.0189 0.0189 0

a Segments with a significantly higher probability of detection compared to the average for the trail.
b Significantly lower probabilities of detection.
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Our diurnal and nocturnal surveys sampled different assem-
blages of the nonvolant mammal community; only 5 species 
overlapped. Thus, the general pattern of declining observations 
in diurnal and nocturnal surveys is due to different species. The 
overall survey’s detection rate decline could be influenced by 
the most prominent species—collared peccaries and agoutis 
(diurnal), and kinkajous (nocturnal). Still, the overall patterns 
seen in the regressions cannot be accounted for by any single 
species. For example, for kinkajous alone, no statistically sig-
nificant trends over time were found, whereas an overall decline 
is seen for the nocturnal survey. Although changes are noted 
overall and for agoutis, species abundances can vary greatly 

(Wright et al. 1999) and data on 2 years can be illustrative of 
the population dynamics of a species or a community, but are 
likely not representative of long-term trends (Glanz 1993).

In contrast, short-term changes observed in monthly detection 
rates are likely due to behavioral differences, some prompted 
by environmental factors. For example, agoutis and primates 
have been shown to change timing, level, and type of activity 
in response to climate and/or changing seasons (Smythe 1978; 
Korstjens et al. 2006; Campos and Fedigan 2009; Lambert et al. 
2009; Korstjens et al. 2010; González-Zamora et al. 2011). 
Concordantly, detection rates for our agoutis, spider monkeys, 
and white-faced capuchins were associated with temperature 

Fig. 4.—Species accumulation curves for (A) the entire survey, and (B) diurnal and nocturnal surveys separately.

Table 6.—Density estimates for La Selva, with standard errors in parentheses, compared to reported densities in the literature. Species are 
binned phylogenetically.

Species Density  
(groups/km2)

Density  
(indivduals/km2)

Reported densities  
(individuals/km2)

Citations

Capuchin monkey 3.7 (0.50) 19.7 (3.2) 3.7–94 Senf 2009
Howler monkey 2.8 (0.38) 9.8 (1.6) 5–>1,000 Estrada 1982; Stoner 1994; Senf 2009
Spider monkey 4.41 (0.49) 13.2 (1.7) 0.22–89.5 Lindshield 2006; Weghorst 2007; Senf 2009
Agouti 34 (3.07) 37.7 (3.5) 1–84 Cant 1977; Smythe 1978; Wright et al. 1994; Peres 

et al. 1997; Silvius and Fragoso 2003; Jorge and 
Peres 2005; Jorge 2008

Red-tailed squirrel 6.89 (0.96) 7.5 (1.1) 33–500 Heaney and Thorington 1978; Eisenberg et al. 1979; 
August 1981; O’Connell 1981; Glanz 1996

Variegated squirrel 4.08 (0.96) 4.2 (1.01) 7.8–300 Vaughan and McCoy 1984; Glanz 1996; Timock and 
Vaughan 2002

Coati 1.99 (0.91) 6.4 (3.2) 1–70 Kaufmann 1962; Vaughan and McCoy 1984; Glanz 
1993; Valenzuela 1998

Kinkajou 5.91 (0.78) 6.72 (0.95) 12.5–74 Walker and Cant 1977; Estrada and Coates-Estrada 
1985; Ford and Hoffmann 1988
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and previous month’s rainfall. Although environmental factors 
such as rainfall can change the habitat characteristics of an area 
and affect the visibility of animals, this is a more important issue 
in forests where seasonal fluctuations are characterized by dra-
matic changes in vegetation. La Selva is an evergreen forest, and 
seasonal changes in foliage and vegetation will not likely alter the 
visibility nor affect behavior of most medium-sized mammals in 
a significant way. Additionally, short-term monthly changes in 
detection rates are likely not a result of changing densities for 
most mammals sampled. For instance, monkeys can experience 
rapid declines due to famine or disease, but cannot rebound as 
quickly due to reproductive constraints. Thus, comparative stud-
ies should aim to collect data in the same season and be attuned 
to the fact that even small climatic differences can affect the 
detectability of these species. Additionally, conducting surveys 
on a longer time frame will help gather critical population infor-
mation. These issues are important to understand, particularly 
for cross-site comparisons, where it is difficult to generalize 
conclusions and understand if the results are due to specific pat-
terns observed or to the timing of the study, and where the same 
seasons vary in climatic variables.

On a spatial scale, we found areas of high or low use for 
agoutis and monkeys. Areas of high use are likely hotspots due 
to the availability of food resources, shelter, and other species-
specific environmental preferences. For example, agouti habi-
tat use is determined by microhabitat characteristics and fruit 
availability; agouti home ranges are often centered on impor-
tant food sources (Aliaga-Rossel et al. 2008), which can shift 
in seasonal environments (Silvius and Fragoso 2003). For the 
primates, each monkey species has trail segments and groups 
of consecutive segments, where they were never observed 
(Table 5). Although single segments with 0 observations are 
not considered statistically different from expected, the pattern 
of consecutive zeros likely suggests further that there are areas 
of higher and lower use, although this is not explicitly tested. At 
La Selva, the density of the most preferred trees of howler mon-
keys is the most important factor for habitat selection (Stoner 
1996). These results illustrate the importance of surveying trails 
across a variety of microhabitats representative of the general 
study area, as over- or under-sampling small areas may lead to 
erroneous detection rates and estimates of abundance.

Our species accumulation curves show that we surveyed suf-
ficiently, both diurnally and nocturnally. It is clear from our 
results that the diurnal and nocturnal mammal communities in 
the Caribbean lowland forests are quite distinct and show little 
overlap in species activity. We know that the observed differ-
ences in species seen nocturnally and diurnally are due to differ-
ences in these communities and not merely habitat differences 
because the nocturnal trail overlapped with portions of a diurnal 
trail (Fig. 1), and the majority of species seen at night are known 
to be nocturnal. To fully understand these complex assemblages, 
surveys need to be conducted both nocturnally and diurnally.

The manner in which sightings occur (sight versus sound) 
can provide significant information about which animals may be 
overlooked if they are not active. Some species are more amena-
ble to being detected by sight or sound, because of morphological 

or behavioral characteristics. However, our results differ from 
Weghorst’s (2007) in southwestern Costa Rica where spider 
monkeys were detected more by auditory cues, highlighting that 
in different forests, different cues may be important in locat-
ing mammals. The number of observers walking the survey did 
not affect detection rates for the overall survey or in a species-
specific context for collared peccaries (Romero et al. 2013). We 
therefore recommend that surveys with more than 1 observer 
increase data collection by having them walk different trails on 
the same day rather than walking together.

Additionally, the direction that the trails were walked did not 
affect the location where mammals are detected, and thus time 
of day (early or late morning) does not affect detection rates in 
particular locations. For many diurnal mammals, activity is typ-
ically higher after sunrise, decreases during the morning, and 
often is minimal by midday when ambient temperatures can be 
high. For these reasons, no surveys were conducted past 1100 h, 
and our data show no biases in detection rates within the morn-
ing hours; however, studies in more seasonal forests, where 
environmental changes can be more pronounced in particular 
seasons, are needed before generalizing these conclusions.

This survey method proved useful to study segments of the 
mammalian communities in the Neotropics, although it does 
have limitations. For example, our survey was unable to detect 
all of the mammalian species present at La Selva (Timm et al. 
1989). Other methodologies such as camera traps, print and scat 
identification, and trapping and mist netting efforts are needed 
in conjunction to fully understand the complex relationships of 
the mammalian fauna in the Caribbean lowlands.

Abundance and group size in the Caribbean lowlands.—
Abundance estimates for Neotropical mammals using strip-cen-
sus techniques and the program Distance (2011) are becoming 
more common, though few data exist on the densities of non-
volant mammals in lowland, evergreen forests. Abundance 
estimates are critically important for management and conser-
vation; population changes and declines over time can only be 
assessed if rigorous density estimates are known, and repeated 
surveys provide a reliable technique to measure changes over 
time. La Selva plays a major role in the study of tropical ecol-
ogy and provides an unparalleled site to understand ecologi-
cal and conservation issues. To address methodological issues, 
so that cross-site studies and long-term data can be compared 
accurately, an understanding of how the mammalian commu-
nity of La Selva compares to other Neotropical sites is essential.

General trends about the mammalian communities of the 
Caribbean lowlands become apparent when compared to other 
Neotropical sites. Densities overall appear to be lower, and 
groups are smaller or tend to disband more readily. Kinkajous, 
red-tailed squirrels, and variegated squirrels have reported 
density estimates considerably higher elsewhere than those 
we observed (Table 6). Studies on Barro Colorado Island 
(BCI) report that walking surveys underestimate abundances 
for squirrels, and drastic fluctuations can occur based on food 
availability (Glanz 1996). Still, our densities for squirrels are 
low compared to other line-transect derived estimates, and our 
long-term experience at La Selva supports that our estimates 
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are accurate. All 3 monkey species and coatis have densities 
which are within the bounds of those reported in the literature, 
albeit on the lower end (Table 6). Other studies in the Caribbean 
lowlands for howler and spider monkeys support that densities 
in this area are low (Stoner 1994; Lindshield 2006; Senf 2009). 
Agoutis were the 2nd most encountered diurnal mammal, and 
the only animal where our estimates fell well within previously 
reported ranges (Table 6). This suggests that lowland Caribbean 
forests likely support lower densities of mammals overall. 
This is surprising given that food availability is more constant 
throughout the year than in more seasonal tropical forests, but 
is consistent with our observations over the past 40 years (R. 
M. Timm, pers. obs.).

Another general trend is that of smaller group sizes for 
primates in the Caribbean lowlands, which may represent a 
higher propensity of groups to disband into subgroups (Stoner 
1994; Lindshield 2006; Senf 2009). This could be attributed to 
either environmental factors or our ability to properly assess 
troop size. Spider monkey and howler monkey troops can be 
large, but often break into small subgroups (Leighton and 
Leighton 1982; Fedigan and Baxter 1984). The cohesiveness 
of groups is often affected by food availability and climatic 
factors (Chapman 1989, 1990; Korstjens et al. 2006; Aureli 
et al. 2008; González-Zamora et al. 2011). Howler monkeys 
have the largest groups in habitats with consistent food sources, 
such as semi-evergreen forests (Chapman and Balcomb 1998), 
and thus, one would expect to see large groups in the ever-
green forests of La Selva. Yet, our group size is lower than 
typically reported (Table 2) including a previous study at La 
Selva 2 decades earlier (11 ± 4—Stoner 1994). This suggests 
that strip censuses may be providing estimates of subgroup size 
or underestimate group size. Larger subgroups tend to be more 
spread apart and occupy several tree crowns, making it difficult 
to count all individuals. On the other hand, group cohesiveness, 
a factor poorly understood, could have changed at La Selva in 
the last ~20 years.

Concluding remarks and recommendations.—Despite wide-
spread concern over tropical deforestation and the high rates in 
which secondary forest are being created, we remain surpris-
ingly ignorant of the degree to which faunal communities dif-
fer between primary and secondary forests. Our study samples 
medium and large mammals via transect walks in Costa Rica’s 
Caribbean lowlands, revealing that secondary forests can hold 
complex mammalian communities and be valuable habitats in 
conservation efforts. In addition, the differences seen in our 
analyses of microhabitat preferences, methodological issues, 
and variation in detection due to population fluctuations and 
climatic variables lead us to make the following recommenda-
tions for long-term surveys that are essential for understanding 
and monitoring these dynamic communities: 1) Surveys should 
be thorough to buffer against stochastic changes in detection; 
2) When making comparisons, data should be from the same 
season, and special attention should be given to the possible 
confounding factors that climate may have on results from dif-
ferent sites or years; 3) In tropical rainforest environments, to 
increase sample sizes, multiple surveyors should walk different 

transects simultaneously (assuming equal training of observ-
ers); and 4) One should test how the directionality of walking 
and timing influences results (a hotspot may in reality be a “hot 
time”). Overall, we believe that following these recommenda-
tions will create more robust and defensible datasets that allow 
long-term and cross-site studies to be compared accurately, 
resulting in a better understanding of complex ecological and 
conservation issues.
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