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Abstract
Although the paca is the most frequently hunted game species throughout the Neotropics, its behavioral and ecological require-
ments remain poorly understood. Here, we describe ranging behavior, spatio-temporal intraspecific interactions, and cavity use
within a mosaic landscape in Central Belize, based on radio-tracking of four males and two females. This study is the first to
investigate social interactions and spatial structure within a paca population in unprotected marginal habitat. We detected
extensive home range overlap between males and between sexes. Male-male overlap was less extensive within core areas, while
female core ranges were almost entirely occupied by one or more males. On average, pacas used at least six cavities within their
home range. The majority of cavities were in the core areas and we did not detect simultaneous co-habitation of the same location.
On average, females occupied cavities that were closer together, and closer to water bodies, than those of males. Overall, our
study suggests a general tolerance during nocturnal foraging activities, but exclusive use of core areas and associated cavities.
The larger ranges of males than females and the extensive overlap between conspecifics suggest a polygamous or promiscuous
mating system in this landscape.
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Introduction

Compared to tropical environments in Asia and Africa, the
Neotropics are characterized by few large ground-dwelling
vertebrate species, providing a limited range of heavily
exploited game species (Fa and Peres 2001; Fritz and Loison

2006). Overhunting of terrestrial vertebrates threatens food
security livelihoods, alters patterns of forest regeneration,
and can have cascading effects on other taxa (Stoner et al.
2007; Gordon et al. 2012; Reider et al. 2013). Preventing
Bempty forests^ and the plethora of associated detrimental
consequences (Redford 1999), and maintaining viable
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populations and ecosystem function will require careful man-
agement of game harvests. Sustainable management of har-
vested wild populations requires understanding their spatial
distributions and social structures, as both may influence re-
covery from local reductions in abundance (e.g., Stoner et al.
2006; Ausband et al. 2015). Spatial, demographic, and social
parameters are well understood for popular game and trophy
species in areas that have a long history of studying and reg-
ulating harvests (e.g., Europe, North America, and sub-
Saharan Africa: Coltman et al. 2003; Milner et al. 2007;
Proffitt et al. 2010; Ordiz et al. 2012; Mysterud 2014; Lone
et al. 2015). Such detailed knowledge is lacking from the
Neotropics, despite its long tradition of subsistence and com-
mercial hunting, both for wild meat and body parts (Pérez
1992; Ojasti 1996).

One of the most common and frequently hunted game spe-
cies throughout the Neotropics is the paca (Cuniculus paca), a
large, nocturnal caviomorph rodent; currently of least concern
on the IUCN Red List, but suffering local extinctions in the
southern part of its range (Pérez 1992; Escamilla et al. 2000;
Altrichter 2001; Smith 2005; Koster 2008; Emmons et al.
2016; Foster et al. 2016). Despite its widespread exploitation
and economic value, the paca’s spatial and behavioral ecology
is poorly understood. Few studies have quantified home range
sizes of pacas, but those that have suggest that male and fe-
male ranges vary with habitat quality and the productivity and
patchiness of food resources, with the largest ranges docu-
mented in a mosaic of marginal habitats, and the smallest in
primary broadleaf forest (Marcus 1984; Beck-King et al.
1999; Ulloa et al. 1999; Gutierrez et al. 2016). While
Marcus (1984) found no difference in range size between
the sexes, Gutierrez et al. (2016) observed male ranges up to
four times the size of female ranges.

Pacas are considered solitary, territorial, and aggressively
intolerant of conspecifics, with a monogamous or perhaps
promiscuous mating system, and parental care provided by
the female only (Marcus 1984; Smythe and Brown de
Guanti 1995; Herrera 2016). Pacas forage opportunistically
at night, primarily on the pulp of fruits that have fallen to the
forest floor, and, to a lesser extent, on seeds (Marcus 1984;
Pérez 1992; Laska et al. 2003; Dubost and Henry 2006).
Although adults generally forage alone or with their young
(Collet 1981; Marcus 1984), groups of up to five individuals
have been observed foraging in areas with a high abundance
of food (Beck-King et al. 1999) suggesting a degree of social
tolerance under certain conditions. However, Marcus (1984)
observed closely overlapping ranges between mated pairs,
whose ranges did not overlap with adjacent pairs, suggesting
intolerance with monogamous exclusive ranges.

During the day, pacas occupy cavities such as hollow logs
and spaces below root formations, usually alone or with
young (Marcus 1984; Aquino et al. 2012; Figueroa-de-León
et al. 2016). The cavities are often highly complex, with

chambers, connecting tunnels, and multiple openings for es-
cape from predators (Aquino et al. 2009; Aquino et al. 2012).
Paca cavities are often associated with water, as they defecate
in water to avoid leaving spoor which may attract predators,
and if threatened, they escape predators by leaping into water,
submerging, and swimming (Pérez 1992; Smythe and Brown
de Guanti 1995; Aquino et al. 2009; Figueroa-de-León et al.
2016).

The emerging picture is of a spatial distribution and social
system that varies with the availability of limited resources,
with females distributed according to food, suitable den sites,
and predator-free space (access to water), and males distribut-
ed according to females. Under conditions of abundant food,
females may have reduced home ranges and be more tolerant
of competitors while foraging; the defense of suitable cavity
sites or access to water may be more important when rearing
young. Understanding how the spatial distribution and social
structure of pacas varies with the availability of resources such
as food and suitable resting sites will aid the management of
paca populations on a regional scale across a range of
landscapes.

Our study is the first investigation of spatio-temporal inter-
actions amongst pacas in marginal habitat. We describe rang-
ing behavior, intraspecific interactions, and cavity use by
pacas within a mosaic landscape of settlements, pine savan-
nah, and secondary broadleaf forest in Central Belize over a
period of 2 years. We use telemetry data for six pacas, which
we previously used to estimate paca home range size and
habitat selection, documenting the largest detected home
ranges for this species to date, but without investigating over-
lap or shared use of resources (Gutierrez et al. 2016). Here, we
address that hiatus by investigating interactions between the
pacas through space and time. Our study area is considered
marginal for pacas, with competition for limited resources as
well as seasonal flooding and poor drainage (Gutierrez et al.
2016), potentially limiting the availability of suitable refuges
for daytime resting and access to water bodies in the dry sea-
son. We therefore expected exclusive home ranges associated
with intolerance towards conspecifics of the same sex and the
defense of resting sites.

Materials and methods

Study area

Our study focused on a ~ 10-km2 area within the Central
Belize Corridor (BCBC^, location 17° 21′ 37.0″ N, 88° 33′
37.6″W;Doncaster et al. 2012; Kay et al. 2015). The CBC is a
750-km2 mosaic landscape of lowland secondary broad-
leaved moist forest, short-grass savanna, shrubland, wetland,
and agriculture which links the Selva Maya forest of Northern
Belize, Guatemala, andMexico and theMayaMoutainMassif
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forest of Southern Belize. The landscape supports a low hu-
man density of approximately 5 people/km2 across seven set-
tlements and is bisected by a two-lane highway. Human activ-
ities include livestock farming, citrus and sugarcane planta-
tions, slash-and-burn farms, game hunting, and logging.
Average annual rainfall from 2010 to 2012 was 180 mm, with
most falling within the wet season (June to November) and
average temperatures ranged from 21.6 to 31.5 °C (Gutierrez
et al. 2016). The area is low-lying (30-45 m above sea level).
The 10-km2 study area included five permanent natural and
man-made water holes and a seasonal creek.

Trapping, radio telemetry, and home range
estimation

Pacas were trapped, collared, and tracked between May 2010
and February 2012. Live traps (Tomahawk, Hazelhurst, WI,
USA) were deployed on game trails and areas with signs of
paca activity and baited with fruit. Trapped pacas were
immobilized using ketamine hydrochloride (48.9 mg/kg) and
acepromazine maleate (0.6 mg/kg) and fitted with motion sen-
sitive VHF radio collars (MOD-125, Telonics Inc., Meza AZ,
USA). All animal handling was in accordance with permits
(CD/60/3/09(18) and CD/60/3/10(44)) issued by the govern-
ment of Belize. Pacas were recaptured when the radio collars
were nearing the end of their battery life, upon which collars
were removed and the animals released after anesthetic rever-
sal. Collared pacas were located via triangulation, keeping
inter-bearing angles between ≥ 20° and ≤ 170°. To increase
accuracy, paca locations were taken simultaneously by three
or more observers from different locations (via radio contact).
Locations of pacas were recorded at 15-min intervals for a
maximum of 5 h. The majority of locations were taken be-
tween dusk and dawn when pacas are most active (Harmsen
et al. 2010). Pacas tend to remain in cavities during daylight
hours, allowing observers to find their precise locations when
taking daytime azimuths.

Two adult females and four adult males were tracked be-
tween June 2010 and February 2012. Of these, a male and
female paca were tracked simultaneously for 2 months; there-
after, four pacas were tracked simultaneously for periods rang-
ing from 2 to 7 months, dependent on the capture dates. Home
range sizes by minimum convex polygon (MCP) and core
areas by kernel (KHR) are reported in Gutierrez et al.
(2016). We additionally performed a bootstrapping procedure
to assess whether enough locations were gained for each paca
individual to reliably estimate home range sizes, using the
package move in R (Kranstauber and Smolla 2016). We
achieved this by accumulatively adding locations, which were
randomly chosen from the total dataset per individual, in a
stepwise logarithmic fashion. The procedure was repeated
100 times at each accumulative step, allowing us to calculate
the mean and variance of increased MCP size with

accumulative points and to visualize to what extent an asymp-
tote is reached when 95% of the points are included.

Static interactions

Static interaction analysis informs on spatial attraction or
avoidance by quantifying the level of overlap between two
spatial utility distributions (UDs), independent of time. Static
interaction indices consist of a single number representing the
level of overlap. By taking into account the UD of individuals,
these indices provide a more accurate representation of space
sharing between pairs than calculating the percentage of area
overlap (Fieberg and Kochanny 2005). We calculated home
range overlap (HRO) between pairs of individuals using the
adehabitatHR package (Calenge 2006) in R, calculating the
utilization distribution overlap index (UDOI), similar to
Hulbert’s index of niche overlap (Fieberg and Kochanny
2005). The UDOI ranges from 0 (no overlap) to 1 (complete
overlap of uniform home ranges) and may exceed 1 if the UD
is non-uniform with a high degree of overlap between
individuals.

We calculated overlap of home-range kernels (95% KHR)
and core areas (50% KHR) between pairs of simultaneously
tracked pacas using UDOI. We compared 95% KHR UDOI
(range overlap) with the 50% KHR UDOI (core area overlap)
using a paired Student’s t test.

We compared the HROs of male-male and male-female
pairs using Student’s t tests. We could not test for interaction
between the females because they were not tracked
simultaneously.

For four pacas with sufficient data points, we additionally
tested for temporal shifts in each home range by partitioning
the locations for an individual into two time periods and cal-
culating the 95% KHR UDOI.

Dynamic interactions

Home range overlap does not take into account the temporal
aspect of animal interactions. We used dynamic interaction
(DI) indices to test for concurrent associations of attraction,
avoidance, or indifference between pairs of individuals with
locations taken in the same 15-min time blocks. Indices of DI
are susceptible to type I error (Long et al. 2014). We therefore
estimated and compared three point-based indices of DI to
assess the robustness of the results: (1) Doncaster’s (1990)
non-parametric test of interaction, testing for significantly
high or low probabilities of cumulative separations between
two animals; (2) Kenward et al.’s (1993) coefficient of social-
ity, Cs, which ranges from − 1 (avoidance) to 1 (attraction);
and (3) Benhamou et al.’s (2014) interaction statistic (IAB),
which ranges from 0 (avoidance) to 1 (attraction). We as-
sumed a critical distance threshold of 100 m, within which
pacas would be aware of each other due to their enhanced
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visual, auditory, and olfactory senses (Macdonald 2013), and
following other studies examining DI (e.g., Quaglietta et al.
2014). We used the package adehabitatLT (Calenge 2006) for
computation of Doncaster’s (1990) and Kenward et al.’s
(1993) indices and wildlifeDI tools (Long et al. 2014) for
IAB; in R. Additionally, we calculated the distances between
simultaneous location fixes of pacas using wildlifeDI tools
(Long et al. 2014) to explore close proximity encounters
(e.g., mating or antagonistic events).

Cavity use

As pacas are sedentary during the day, we were not
constrained by the risk of disrupting their movement when
taking daytime location fixes. Therefore, compared to night
fixes, day fixes could be taken from more angles, increasing
the accuracy of our estimate of the resting locations.

We classified day fixes as those occurring between 07:30
and 17:00 and assumed that they represented the daytime rest-
ing cavity, as this falls outside pacas’ main activity period
(Beck-King et al. 1999; Harmsen et al. 2010). Resting loca-
tions were not monitored daily; however, we counted the min-
imum number used by each paca within the monitored period,
calculated the percentage that occurred within individuals’
core areas, and tested for differences between sexes using
Student’s t test. In order to understand whether pacas use
cavities opportunistically (i.e., occupying the nearest suitable
cavity after a night of foraging), or preferentially return to
specific cavities, we applied a Student’s t test to the difference
between the average distance of the day location from the last
known night location, and the average distance of the day
location from all of the previous night’s locations. We hypoth-
esized that if pacas use cavities opportunistically, then the
distance between the final night location and following day
location would be shorter than the average distance between
the day location and all the night locations. In contrast, if pacas
selectively return to specific cavities, then we would expect
the distance between the final night location and following
day location to be longer than or similar to the average dis-
tance between the day location and all the night fixes.
Additionally, for each paca, we calculated the mean distance
between closest neighboring pairs of cavities (shortest dis-
tances between a cavity and the nearest neighboring cavity)
and compared between males and females using a Student’s t
test.

We expected our observations of unique resting locations
associated with a paca to eventually asymptote with monitor-
ing effort (number of day locations recorded), on the assump-
tion that home ranges contain a fixed number of suitable cav-
ities. For each paca, we plotted the number of unique resting
locations against the number of days for which day locations
were recorded, to assess whether we could reliably estimate

the number of resting locations used by the paca across its
home range.

To assess the rate at which pacas alternate between resting
locations, we calculated a ratio for each paca of the number of
resting sites, R, to the number of day locations obtained, D. A
value of 1 indicates that each day location occupied a different
resting location, and a value close to 0 indicates re-use of the
same resting site or sites.

Waterholes

We assessed the extent to which the paca ranges included
access to water and its proximity to resting day locations by
mapping the distribution of water holes and waterways within
the study area in relation to home ranges, core ranges, and
resting day locations. We tested whether the distance between
used cavities and water sources differed between males and
females using a Student’s t test.

All statistical tests were carried out using (R Core Team
2012).

Results

Paca home range sizes appeared to achieve an asymptote at ~
125 locations based on area accumulation curves (AACs)
(Fig. 1). MCPs of males ranged from 87.5 to 204.9 ha (X =
134.7 ± 43.1 SD, N = 4) and MCPs of females from 50.7 to
86.7 ha (X = 68.7 ± 18 SD,N = 2) (see Gutierrez et al. 2016 for
details). For two males (M2 and M4) AACs did not plateau
during the study duration, and therefore, these estimates, al-
though the largest home ranges in the sample, should be con-
sidered conservative.

Static interaction: overlap between individuals

None of the simultaneously tracked pacas occupied exclusive
home ranges or exclusive core ranges, and male pacas over-
lapped with the entire range of female F2 (Figs. 2 and 3). Core
area overlap was low between all pairs of individuals, despite
extensive home range overlap between some pairs (Table 1,
Figs. 2 and 3). A male-female pair (M4-F2) had the least
overlap, and a male-male pair had the greatest overlap (M2-
M3, Table 1). However, home range overlap did not differ
detectably between male-male pairs and male-female pairs
(UDIO95: t = −0.138, UDOI50: t = −0.684, P > 0.5 and N =
7 for both). The 50% KHR home range cores overlapped less
than the 95% home ranges (paired t-test: mean UDOI50 =
0.06 ± 0.05; mean UDOI95 = 0.38 ± 0.24; t = 4.67, P < 0.01,
N = 7), potentially indicating a greater degree of exclusivity
at the core of the range.
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Fig. 1 Area accumulation curves for six pacas radio-tracked in Central
Belize, using bootstraps repeated 100 times at every step in a stepwise
logarithmic progression. The solid trace is the average area accumulation,

and the dotted and dashed traces are the 5 and 10% ranges of the accu-
mulation. The horizontal solid line above each curve shows the 100%
MCP

Fig. 2 Home ranges (95% KHR) of simultaneously radio-tracked pacas
in Central Belize. a Male, M1 (24 June 2010 to 6 January 2011) and
female, F1 (24 June to 27 July 2010). b Female, F2 (2 January to 18

August 2011); male, M2 (7 June 2011 to 17 February 2012); male, M3 (8
June to 29 September 2011); male, M4 (10 June 2011 to 17 February
2012)
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Static interaction: shifts in individuals’ ranges

The home ranges of males M1 and M3 shifted during the wet
season (Fig. 4). MaleM1 almost completely changed its range
(UDOI95 = 0.06, first temporal monitoring period = 24 June
to 6 September 2010, N = 49, second temporal monitoring
period = 7 September 2010 to 6 January 2011, N = 21). Male
M3 expanded its range by approximately 50% (UDOI95 =
0.53, first temporal monitoring period = 8 June to 20
July 2011, N = 22, second temporal monitoring period = 26
July to 29 September 2011, N = 20). In contrast, the home
ranges of two of the other pacas remained relatively stable
(F2; UDOI95 = 0.88, first temporal monitoring period = 2
January to 9 June 2011, N = 20, second temporal monitoring
period = 10 June to 18 August 2011, N = 29; M2; UDOI95 =
0.76, first temporal monitoring period = 7 June to 6 September
2011, N = 31, second temporal monitoring period = 7
September 2011 to 17 February 2012, N = 20).

Dynamic interaction

The three measures of dynamic interaction were broadly con-
gruent. Overall, the measures indicated attraction between one
male-female pair (M1-F1), a possible case of attraction, and
two possible cases of avoidance between three male-male
pairs (M2-M3, M3-M4, and M2-M4, respectively), and indif-
ference between the remaining three male-female pairs
(Table 2).

The distance between pairs of pacas through time revealed
a possible mating event between F2-M3, who were < 5 m
away from each other when simultaneously radio-tracked on
7 July 2011, and who were observed to be behaving and vo-
calizing in a manner that would suggest mating was occurring.
At this time, the two other males (M2 and M4) were the
furthest distance from the female for any period (M2 =
1547 m and M4 = 1311 m) even though their core areas over-
lapped with the female.

Cavity use

Day locations were recorded on 57 days, and we identified 38
distinct resting locations across the six pacas (Table 3).
Because male M1 shifted his home range (and core area)
almost completely (Fig. 4), we treated these as separate ranges
when analyzing cavity use. For all pacas except one male, M4,
all resting day locations were within the individuals’ nighttime
home ranges, with the majority in the core areas (% in core
areas: mean ± SD = 63 ± 21, N = 7 ranges; Table 3, Fig. 5).
The percent of day locations occurring within core areas did
not differ between the sexes (% day locations in core area,
mean ± SD: male = 65 ± 24, N = 5 ranges; female = 59 ± 12,
N = 2 ranges; t = − 0.44, df = 4, P > 0.5).

Fig. 3 Core areas (50% KHR) of simultaneously radio-tracked pacas in
Central Belize. a Male paca (M1, tracked: 24 June 2010 to 6 January
2011) and female paca (F1, tracked 24 June to 27 July 2010). b Female

(F2, tracked 2 January 2011 to 18 August 11), male (M2, tracked 7
June 2011 to 17 February 2012), male (M3, tracked 8 June to 29
September 2011), male (M4, tracked 10 June 2011 to 17 February 12)

Table 1 Home range and core area overlap between dyads of
simultaneously radio-tracked pacas in Central Belize, based on the
utilization distribution overlap index (UDOI)

Pair Home range overlap Core area overlap
UDOI UDOI

F-M F1-M1 0.58 0.105

F2-M2 0.26 0.041

F2-M3 0.61 0.126

F2-M4 0.12 0.004

M-M M2-M3 0.69 0.106

M2-M4 0.17 0.003

M3-M4 0.24 0.009
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The average distance of the final night location to the
corresponding resting location the following day was
shorter compared to the average distance between all
night locations and resting locations (paired t test: final
night locations mean ± SD = 254 ± 150 m, N = 20; all
night locations mean ± SD = 364 ± 106 m, N = 20, t =
−3.191, df = 19, P < 0.005), suggesting that the pacas
were using cavities opportunistically rather than
returning to specific cavity sites at the end of their
period of nocturnal activity. The distance of a paca rest-
ing location to the next closest cavity that it used was
on average lower for females than for males, although
this was not significantly different between males and
females (mean distance ± SD: males 251 ± 147 m, N =
30; females 157 ± 113 m, N = 10, t = 1.836, df = 38,
P > 0.05).

We monitored the pacas’ resting day locations with moni-
toring efforts ranging from 7 to 31 search days per paca

Fig. 4 Home ranges (95% KHR) of four pacas (three males and one
female) radio-tracked in Central Belize, split temporally to visualize
range shifts; dashed line indicates the home range in the first temporal
period of monitoring (t1), and solid line represents the home range within
the second temporal period of monitoring (t2). F2: t1 = 2 January to 9

June 2011, t2 = 10 June to 18 August 2011; M1: t1 = 24 June to 6
September 2010, t2 = 7 September 2010 to 6 January 2011; M2: t1 = 7
June to 6 September 2011, t2 = 7 September 2011 to 17 February 2012;
M3: t1 = 8 June to 20 July 2011, t2 = 26 July to 29 September 2011

Table 2 Three measures of dynamic interaction for simultaneous fixes
(within 15 min) between pairs of pacas radio-tracked in Central Belize;
significant values are indicated in italics (P < 0.05); (+) indicates
attraction and (−) avoidance when the significance test is performed
separately for attraction and avoidance; Don = Doncaster’s (1990)
non-parametric test of interaction; Cs = coefficient of sociality; IAB =
interaction statistic

Dyad Simultaneous fixes Measure of dynamic interaction

N total N < 100 m Don Cs IAB

F-M F1-M1 147 24 0.01 (+) 0.11 (+) 0.28 (+)
F2-M2 83 2 0.94 − 0.001 0.11
F2-M3 46 8 0.56 0.02 0.23
F2-M4 59 0 –a 0.02 0.002

M-M M2-M3 43 5 0.78 0.01 (+) 0.11
M2-M4 69 1 0.95 (−) 0.01 0.02
M3-M4 27 0 0.87 − 0.01 0.003 (−)

a No paired distances < 100 m
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(mean ± SD = 15 ± 9.0 days, N = 6 pacas) over periods rang-
ing from 8 to 228 days per paca (mean ± SD = 127 ± 80 days,
N = 6 pacas). The number of distinct resting sites ranged from
4, by female F2who was monitored on 17 days over 228 days,
to 12, by male M1, who was monitored on 31 days over a
period of 168 days (Table 3). However, M1 shifted his home
range and core area during this time (Fig. 4), using eight cav-
ities in the first range and four in the second range. Female F1,
who was monitored for 7 days over a period of 8 days, occu-
pied six different burrows during this time, indicating a high
rate of turnover between cavity sites (R/D ratio = 0.9, Table 3).
Overall, we documented an average of 5.7 cavities per paca
range (SD = 1.5, range = 4 to 8, N = 7 paca ranges). However,
the number of unique resting locations identified increased
with the monitoring effort for all pacas, and reached an as-
ymptote for only one (female, F2, asymptote = 4 resting
locations after six search days; see Supplementary material).
For the other five pacas, there was no evidence that the num-
ber of resting locations identified approached an asymptote
within the time that we monitored them. These should there-
fore be considered as conservative estimates (see
Supplementary material).

For the pacas that we tracked simultaneously, we
found no evidence of co-occupation of the same resting
location at the same time. We found evidence of differ-
ent individuals using the same resting location (albeit on
different days) on two occasions only: female (F2) used
a location previously used by a male (M1) who had
abandoned the area ~ 4 months previously, and a loca-
tion used 6 months earlier by a female (F1), who was
no longer alive.

Waterholes

The home ranges of all pacas (and core areas of five pacas)
overlapped with waterholes (Fig. 5). One male (M2) over-
lapped with all five waterholes available in the study area,
while the other paca ranges each spanned at least four of the
waterholes. One male (M1) shifted his range away from the
waterholes towards a creek as it filled with water during the
progression of the wet season. Female resting day locations
were located closer to waterholes compared to those used by
males (mean ± SD: male = 241 ± 175 m, N = 30, female =
133 ± 40 m, N = 10; t = 2.09, df = 38, P < 0.05).

Discussion

Our study of pacas inhabiting marginal habitat revealed exten-
sive home range overlap between males and between the
sexes. Male-male overlap was less extensive within core
areas, while female core ranges were almost entirely occupied
by one or more males. Males tended to avoid one another in
areas where they overlapped, while females and males were
more tolerant of one another. On average, pacas used at least
six cavities within their home range, with the majority located
in the core areas. On average, females occupied cavities that
were closer together, and closer to water bodies, than those of
males.

Gutierrez et al. 2016 indicated that the ranges of the pacas
in this study were 20–100× larger compared to ranges report-
ed in the literature for other paca studies. Our analysis shows
that these are conservative, as the two largest male ranges did
not reach an asymptote during the study. The smaller ranges
published elsewhere may be associated with more productive
habitats, the population existing at carrying capacity, or an
artifact of small sample sizes and/or shorter monitoring pe-
riods (ranges of 2.3 to 3.4 ha in primary broadleaf forest in
Costa Rica and on Barro Colorado Island, Panama; Beck-
King et al. 1999; Marcus 1984 respectively).

We know of only one other study that has tracked multiple
males and females simultaneously (Marcus 1984). The pacas
in the moist broadleaf forest habitat of Barro Colorado Island
showed exclusive, similar-sized ranges of pairs of males and
females. In contrast, our study found that male ranges were
larger than female ranges and overlapped extensively with
same sex conspecifics. Although we were unable to study
female-female overlap, we detected extensive home range
overlap for male-male and male-female pairs, and no evidence
of ranges exclusive to male-female pairs as documented by
Marcus (1984). Male-male overlap was less extensive within
core areas, while female core ranges were almost entirely oc-
cupied by one or more males. Interactions between pacas var-
ied with sex. Males were generally intolerant of one another
during nocturnal activity, with two pairs weakly avoiding one

Table 3 Number of day locations (07:30–17:00) recorded for six radio-
tracked pacas, the number of distinct resting sites identified from these
locations, the percentage of burrows identified within the individuals’
core areas (defined as 50% KHR), and the ratio of the number of
distinct resting sites identified to the number of day locations (R/D; a
value of 1 indicates that a new resting location was identified for each
day location, and value close to 0 indicates re-use of the same burrow or
burrows); for pacaM1who shifted home range during the study, and used
a different set of resting sites, the number of resting sites are also shown
for the two ranges and core areas (a and b)

ID N day locations N resting sites N resting sites
within core area (%)

R/D

F1 7 6 4 (67) 0.9

F2 17 4 2 (50) 0.2

M1 30 12 5 (42) 0.4

M1a 19 8 4 (50) 0.4

M1b 11 4 4 (100) 0.4

M2 14 7 3 (43) 0.5

M3 14 6 3 (50) 0.4

M4 6 5 4 (80) 0.8
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another, while the third male-male pair displayed weak attrac-
tion, potentially an artifact of both being attracted to the same
resource (e.g., a female or food). In contrast, male-female
pairs were generally tolerant of one another, with one pair
showing attraction and the other three pairs displaying indif-
ference. This suggests a system in which males and females
do not defend food resources from each other during nocturnal
activity. From the limited number of pacas sampled, the sys-
tem appears to be one in which males are distributed accord-
ing to females, the larger ranges of multiple males overlapping
with each other and with the smaller female ranges. The larger
ranges of males than females and the extensive overlap

between conspecifics suggest a polygamous or promiscuous
mating system.

Pacasmaintained their core areas more exclusively than their
home ranges, with the distribution of use overlapping < 13%
between any given pair of core areas. With the exception of one
paca, ≥ 50% of the resting day locations were located within the
core areas of the respective individuals. Individual pacas used
these resting sites exclusively. Although pacas in our study area
appeared to select their resting locations somewhat opportunis-
tically, we detected repeated use of the same sites. Overall, these
data suggest that pacas use cavities within their core range but
move often, and apparently opportunistically, between the

Fig. 5 Resting day locations of six pacas radio-tracked in Central Belize; solid lines represent individual home ranges, dashed lines indicate core areas,
circles represent permanent water holes, and crosses are resting day locations

Mamm Res (2018) 63:161–172 169



available sites. It is not clear what drives the shift between
different cavity sites. They could be excluded from cavities
by other competing species (e.g., Figueroa-de-León et al.
2016), or they may move frequently to avoid detection by pred-
ators, or in response to environmental changes (e.g., prevailing
weather conditions) and the condition, quality or permanence of
the cavity. Observations in the field revealed that some of the
resting sites were relatively shallow and exposed, unlike the
complex cavity systems described elsewhere (e.g., Aquino
et al. 2009). Complex Bhigher quality^ cavity systems may be
more common in habitat with well-drained soils. Using camera
traps in the Lacandon rainforest in Mexico, Figueroa-de-León
et al. (2016) found that the presence of pacas at cavity sites and
the permanency of cavity use depended on the type of cavity,
permanency and protection against collapse in the wet season.
The poor drainage of our study area, where cavities are prone to
flooding or collapse in the wet season, may necessitate that
pacas defend multiple locations as contingency. Thus, in areas
where high-quality cavities are limited, competition for these
sites may be stronger between females than males.

Figueroa-de-León et al. (2016) also found that the presence of
pacas at cavity sites and the permanency of cavity use depended
on proximity to water. Aquino et al. (2009) suggest that resting
sites > 100 m from water bodies would be too far to out run a
predator, and under these circumstances, one predator avoidance
strategy would be to maintain multiple locations in close
proximity to one another which they may escape between,
confusing the predator. In our study, bothmale and female resting
locations were on average further than 100 m to water bodies;
however, female cavities were on average closer to one another
than were male cavities. Potentially, the selection pressure to rest
in close proximity to water, and to have nearby alternative
cavities, is greater for females with vulnerable young than for
males, who may be more willing to move away from water
sources and suitable cavities in search of mates.

In primary broadleaf forest, Marcus (1984) tracked 22
pacas and reported use of single cavities by individuals, while
Beck-King et al. (1999) estimated an average of 3.5 cavities
per paca in Costa Rica. The low estimates of cavity use in both
studies may reflect the presence and use of cavities of higher
quality in the primary broadleaf forest compared with the mar-
ginal habitat of our study area where pacas used on average at
least six cavities. Additionally, the low estimate by Beck-King
et al. (1999) may be an artifact of the low sample size (two
individuals tracked) and short monitoring period. LikeMarcus
(1984) and Beck-King et al. (1999), we found no evidence of
pacas using each other’s resting locations; however Figueroa-
de-León et al. (2016) detected 21 adults and 9 young across 16
monitored cavities, implying a degree of temporal sharing.
Females were either alone or with their young, and males used
the same cavities on rare occasions for short periods only
(1 day) when the female and young were absent (Figueroa-
de-León, personal communication). The number and

exclusivity of cavity use appears to vary between sites, poten-
tially influenced by a suite of biotic and abiotic factors (e.g.,
habitat structure, competitors, predators, and weather
conditions).

The habit of resting in cavities during the day makes pacas an
easy, predictable target for hunters throughout Latin America,
who traditionally use dogs to locate resting sites and chase or
dig them out (e.g., El Bizri et al. 2016). This makes pacas par-
ticularly vulnerable to hunters in habitats that have a low avail-
ability of complex, high-quality cavity systems. The use of mul-
tiple cavities by pacas may reflect the intensity of hunting and
predation within an area, with frequent disturbance necessitating
frequent shifts to alternate refuge locations. Hunting of pacas is
common throughout the CBC, as is the presence of natural pred-
ators such as jaguars and pumas (Urbina et al., unpublished data,
Foster et al., in prep). In some environments at least, cavities may
be a limited resource worth monitoring for potential paca man-
agement. For example, Figueroa-de-León et al. (2016) recom-
mend the conservation of cavities around rural communities to
support paca populations as prey for the local people and pred-
ators. Furthermore, reliable estimates of the average number of
cavities used per paca and the degree of sharing/exclusivity could
be used as a method for estimating paca density from counts of
active cavities (e.g., Beck-King et al. 1999; Harmsen and Foster
unpublished data).

The social system and hence the spatial distribution of
pacas may be much more plastic than previously assumed,
responding to biotic and abiotic factors such as habitat struc-
ture, cavity availability, permanence and complexity, water
availability, predation/hunting pressure, and paca population
density. Understanding in detail how paca spatial distribution
and social structure are influenced by these factors across dif-
ferent landscapes will aid density assessments and improve
assessments of sustainable harvest rates.
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