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ABSTRACT: Little is known about spatial induced processes regulating population dynam-
ics in capybara (Hydrochoerus hydrochaeris), a social rodent from the lowlands of South
America, an aspect that may explain the causative mechanism involved in a spatial density-
dependent process like mortality and dispersal. We investigated and compared the spatial
pattern of herds in a capybara population in the eastern savannas of Colombia. Herd
locations were mapped during two contrasting periods of the year and changes in herd
spatial distribution were measured using scale-dependent point pattern analyses, pair
correlation function g(r) and the normalize K-function, (L(r)). Our results show that 1) herd
size increases during the dry season; 2) herd spatial distribution followed a scale-depen-
dent pattern; 3) regularity at small scales provides evidence of intra-specific competition
between herds; and 4) clumped distribution was probably caused mainly by behavioral
responses and habitat heterogeneity. This study highlights the importance of spatial statis-
tics in the study of seasonal spatial distribution patterns of capybara herds, and their
behavioral and ecological causes. It sheds light on ecological aspects such as space use
and habitat influence.

RESUMEN: Patrón de ditribución espacio-temporal de una población de capibaras
(Hydrochoerus hydrochaeris) en las sabanas inundables de Colombia. Poco se conoce
sobre los procesos espaciales que regulan la dinámica de las poblaciones de capibara
(Hydrochoerus hydrochaeris), un roedor social que se distribuye ampliamente en las tierras
bajas de Sur América. Este aspecto es importante ya que permite explicar mecanismos
involucrados con procesos espaciales y denso-dependientes como la mortalidad y la
dispersión. En este trabajo estudiamos y comparamos el patrón espacial de las manadas
en una población de capibaras localizada en los llanos orientales de Colombia en dos
épocas climáticas contrastantes. A partir de localizaciones de las manadas referenciadas
con GPS, cuantificamos los cambios en la distribución espacial de las manadas usando
la metodología de análisis de patrón de puntos. Los resultados indican que: 1) la distribución
espacial de las manadas sigue un patrón dependiente de la escala; 2) a pequeñas escalas
la presencia de un patrón de distribución regular aporta evidencia a favor de procesos de
competencia intra-específica entre manadas; 3) el patrón de distribución agregado puede
ser una repuesta a comportamientos y a heterogeneidad en el hábitat.

Key words. Capybara. L-function. Pair Correlation Function. Point Pattern Analysis. Spatial
distribution patterns.
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INTRODUCTION

Distribution or spatial arrangement of individu-

als within a population is a fundamental char-

acteristic of populations (Clarks and Evans,

1954). It creates the setting for future interac-

tions among individuals (Gordon and Kulig,

1996) and often has implications for commu-

nity structure and ecosystem function (Crist

and Wiens, 1996). Individuals may exhibit

different spatial arrangements, such as random,

regular or aggregated distributions. Individu-

als are randomly distributed if the position of

each individual is independent of others, are

regularly distributed if individuals are evenly

spaced and are aggregated if they occur in

clumps (Pielou, 1960). Within a population,

competition for space might induce regular

spatial patterns more frequently than aggre-

gated or random; however, competition for

space would be expected to occur between very

close neighbors within smaller scale clumps

or aggregations (Campbell, 1992). Aggregated

spatial distributions in animal species may be

generated by favorable environmental condi-

tions (Perry, 1995), such as suitable habitat

for growth and reproduction or mutual attrac-

tion between individuals (Campbell, 1996).

The distribution and abundance of individu-

als can be represented by spatial points in a

plot (Byers, 1992). Spatial patterns can be

described, measured, and evaluated using vari-

ous methods of point pattern analyses. Tech-

niques in this area have been applied to ex-

plore spatial structure of communities and

populations, but little is known about the un-

derstanding of the interaction among individu-

als or groups of individuals (Mane et al., 2005).

Previous studies in spatial pattern analysis at

the individual level have included different

mammal species; thus, herd and individual

spatial distributions of large herbivore species

in a savanna community (Stein and Georgiadis,

2006) and female chimpanzee locations (Mane

et al., 2005) concluded that spatial methods

are useful to analyze space use as well as

ecosystem influence and temporal information

with the advantage of using GPS technology.

The main objective of this study is to deter-

mine and explain the spatial distribution of

capybara herds in flooded savannas of Eastern

Colombia in relation to habitat resources’

availability. We hypothesize that capybara herd

distribution is expected to follow a uniform

distribution pattern in a habitat where food

and water are not limiting resources, a situa-

tion observed during the rainy season in the

eastern savannas of Colombia; however, if

resource availability diminishes, as occurs in

swamps during the dry season, spatial distri-

bution will be modified to follow a clumped

pattern.

MATERIALS AND METHODS

Capybara (Hydrochoerus hydrochaeris) is the

world’s largest rodent. It is distributed exclusively

in the tropical region of South America, from

Panama through the eastern savannas of Colom-

bia, Venezuela, Brazil, Ecuador, Peru, Paraguay

and Uruguay to northern Argentina (Mones and

Ojasti, 1986; Ojasti, 1990). Capybaras are social

rodents that typically live in groups varying from

10 to 30 individuals, although some groups have

up to 100 individuals (Ojasti, 1990). Groups con-

sist of one dominant male and two dominant fe-

males with several adults of both sexes and their

offspring (Herrera and Macdonald, 1993). Groups

are territorial and their home range varies from 5

to 16 ha (Herrera and Macdonald, 1989; Camargo

et al., unpublished data).

Capybaras are semi-aquatic grazing herbivores

that live near riversides, lake shores or in flooded

savannas, usually near a forest patch (Ojasti, 1991;

Gonzalez-Jimenez, 1995). Capybaras need dry ar-

eas for resting and feeding, and water bodies for

drinking, to copulate and for predator avoidance

(Ojasti, 1973). Population size is influenced by

environmental conditions determined by season,

food quality, and predation and hunting intensity;

low precipitation levels during the dry season re-

sult in water scarcity, a fact that may induce herd

migration, reduction in escaping coverage avail-

ability and decrease in food availability which af-

fects feeding behavior (Ojasti, 1973).

This study was carried out between October 2007

and January 2008, in a 482 ha area in the ranch

“Hato Andalucia” (71º31’16.7"W, 06º0’52.0"N),

approximately 120 km north-east of the village of

Hato Corozal, Casanare, in the eastern Colombian

savanna. Native landscape coverage of the region

mainly consists of (1) swamps or ‘esteros’, most

of which dry out during dry season; (2) flooded
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savannas or ‘bajíos’, areas that flood during the

rainy season and are covered with highly palatable

grasses, such as Leersia hexandra, Painum sp.,

and (3) savannas or ‘bancos’, which are perma-

nently dry areas covered with palatable grasses,

including Axonopus sp., tall grasses such as

Andropogon sp. or bushes. Mean annual tempera-

ture and precipitation is 26.2 ºC and 1822 mm/yr

(30-years period, IDEAM), respectively. The re-

gion has a unimodal regime with a rainy season

from April to November and a dry season from

November to April. This seasonality induces

changes in vegetation phenology throughout the

year, with extensive flooding in the most humid

months, and water shortage and food depletion

during the dry period (Ricaurte et al., 2007; Scholte,

2007).

Data Collection: We employed the line transect

methodology for population surveying (Buckland

et al., 2001) to assess the spatial herd distribution.

We used four geographically referenced 2-km line

transects, 500 m apart from each other. Observa-

tions were recorded from transects twice each sea-

son from 6 am to 6 pm. Surveys were carried out

by two observers riding a horse at a constant speed

of approximately 1 km/hour. The use of horses

improves the observer’s detection ability. In each

survey observers estimated the perpendicular dis-

tance from the transect line to the geometric center

of the herd and registered the number of individu-

als. A herd was previously defined as any observa-

tion of one or more animals at a given location.

Data analysis: We employed herd spatial loca-

tion to construct point pattern plots for each of the

seasons assessed and point pattern analysis (PPA)

methodology to test whether the observed point

pattern plot can be considered to have a regular,

random, or aggregated pattern. For this analysis

we explicitly used the locations and distance be-

tween herds. PPA is a non-parametric method used

to indicate if the distribution of point samples

deviates significantly from random (type of pat-

tern) and identifies the scale at which non-random

patterns occur (spatial structure). First, we con-

structed the point pattern plots by reducing capy-

bara locations as a finite set of “points” (locations)

in a region that corresponds to the study area.

Seasonal differences in herd sizes and first-near-

est neighbor distances were calculated using the

Mann-Whitney (Wilcoxon-W) test for medians with

a 95% of confidence interval in Statgraphics Cen-

turion XV software (StatPoint, Inc.). Statistical and

point pattern analyses were done in Spatstat pack-

age in R software version 7.0 (Baddeley and Turner,

2005). In these analyses we assumed that the spa-

tial distribution is invariant to translation within d-

dimensional space (stationarity), and is invariant

to rotation about the origin (isotropy). Point pat-

terns were characterized by using the intensity (�),

defined as the expected number of points per unit

of area (Stoyan and Pentinnen, 2000). The second

order property of the point pattern was evaluated

by using the normalized L-function of the K-func-

tion and the pair correlation function (Ripley,

1976). The K-function, K(r), relates the average

number of extra events within distance r of a ran-

domly chosen event to the average number of events

per unit area (�) (Waller and Gotway, 2004). To

stabilize the variance, we normalized the K-func-

tion by using the square root transformation of K

(r), L(r). We elected to use L-function because of

its power to detect aggregated patterns (Barot et

al., 1999).

The estimated L-function was compared to the

theoretical function under the null hypothesis of

complete spatial randomness. We estimated the

significance of the test using a Monte Carlo graphic

procedure where we constructed rejection limits

for the test as envelopes of the simulations at 5%

level of significance based on 99 simulations by

random arrangement of herd locations (Baddeley

and Turner, 2005). When the null hypothesis is

rejected, the sign of the difference between ob-

served and theoretical distributions indicates a ten-

dency towards aggregation (positive values) or to

regularity (negative values). The test for spatial

non-randomness was applied as a two-tailed test

because we assumed that any departure from ran-

domness will be either in the direction of aggrega-

tion or in the direction of regularity (Campbell,

1996).

The pair correlation function g(r) is considered

more powerful in detecting spatial patterns across

scales because it takes into consideration pairs of

neighbors separated by a distance r, and is related

to the cumulative distribution function and prob-

ability density function of distances between pairs

of points (Wiegand and Moloney, 2004). To esti-

mate g(r), first, the K-function was estimated and

then a numerical derivative was taken

(Schabennerger and Gotway, 2005). Values of g

(r) = 1 indicate a random distribution of the points,

whereas values of g(r) > 1 indicate interpoint dis-

tances around r are more frequent (cluster distri-

bution), and values of g (r) < 1 that they are less

frequent than they would be under complete spa-

tial randomness, i.e., a tendency toward regularity

(Getiz et al., 2006).
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In this study, the ‘scale’ of spatial patterns was

defined following Barot et al. (1999). Thus, values

lower than the half of the maximum possible dis-

tance between pair of points was defined as “small

scale” and higher values were referred as “large

scale”. We used the value of the function as an

indicator of the degree of aggregation. For clumped

patterns, when spatial randomness was rejected,

the maximum value of the function was used as a

measure of “clumpness”. This measure indicates

the average distance between points within a clump,

and was used to compare herd spatial aggregation

among seasons.

RESULTS

Within the study area, we recorded a total of

2347 individuals, in 97 and 99 herds in the

rainy and dry season, respectively. The aver-

age number of herds per unit of area was simi-

lar in both seasons (Rainy: � = 2.22x10^-5;

Dry: � = 2.26 x10^-5). During the rainy sea-

son we recorded 746 individual observations,

17 of which were solitary individuals and the

remaining were grouped in herds of up to 51

individuals with a mean herd size of 7.69 ±

8.32. In contrast, dry season observations

showed a higher number of capybaras (1601

individuals), as well as a significant increment

in mean herd size (16.17±18.3 individuals; W =

1680.5; P < 0.0001).

The spatial point pattern (Fig. 1) shows the

tendency of the distribution of the herds for

each of the seasons evaluated and gives evi-

dence for a seasonal variation of spatial distri-

bution. Even though records are sparsely dis-

tributed throughout the whole area, we noticed

some areas with especially shorter inter-herd

distances during the dry season. This is con-

sistent with the mean distance between the

geometric center of a herd and its first neigh-

bor, which was 73.59 m (C.V. = 0.98) for the

rainy season and 93.99 m (C.V. = 0.80) in the

dry season. Even though there was a signifi-

cant increment of the mean distance to the

first neighbor from rainy to dry season (W =

970.0; P = 0.0014), the maximum and mini-

mum distances to the first neighbor were similar

In general, dispersion patterns of capybara

herds were scale-dependent. In both seasons

herds were randomly distributed at small scales

and exhibited a clumped pattern at large scales

(Fig. 2). During the rainy season, herds were

aggregated at scales from 120 to 370 m with

Fig. 1. Study area showing swamp distribution (gray) and position of the herds of Hydrochoerus hydrochaeris (circles).
Circle size represents herd size. The solid line polygon encloses the area in which the herds were assessed; a. Herd
spatial distribution during the rainy season; b. Herd spatial distribution during the dry season.
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the greatest degree of clumping at 100 m

(Fig. 2a), whereas in the dry season herds

were aggregated for all scales above 50 m (Fig.

2b). The rainy season pattern was only mar-

ginally different (p < 0.05) from the complete

spatial randomness, showing a tendency to-

wards clumpness in herd spatial distribution

of capybaras.

The pair correlation function shows an al-

ternating sequence of values with a maximum

peak at approximately 20 m and a regular

pattern for distances below 10 m for both

seasons (Figs. 3a, 3b). The rainy season func-

tion shows a tendency to a random distribu-

tion of the herds above 120 m (values closer

to 1, Fig. 3a) and signs of clustering for short

distances between 10 and 120 m. In contrast,

dry season function shows a clearly aggregated

distribution at all scales above 10 m, e.g., g(r)

> 1 (Fig. 3b).

Fig. 3. Univariate analyses using the pair-correlation
function g(r) (PCF). Black solid line, oberved g(r) val-
ues; dotted line g(r) = 1, indicates randomness. Values
above and below the dotted line indicate aggregation
and regularity; a. PCF for the rainy season distribution;
b. PCF function for the rainy season distribution.

Fig. 2. L(r) values of spatial distributions of capybara
during 2007–2008; a. Rainy season; b. Dry season.
Continuous line, observed L(r) values; dotted lines, 95
% confidence envelopes for the pattern expected from a
random distribution; dashed lines, the theoretical L(r)
function for a random spatial pattern.

DISCUSSION

As expected, the capybara population under

study displays significant changes in abundance

and spatial distribution in response to seasonal

variations of habitat resources. In this study

we suggest that seasonal fluctuations in popu-

lation size may reflect life cycle adaptations

of capybaras to the influence of factors such

as resource availability, predation pressure or

disease, as well as environmental factors such

as rainy cycles (Odum, 2005).

The fact that herd intensity remained con-

stant during the study period in the study area,

while population size and herd size increased

during the dry season, suggests the presence

of a behavioral mechanism that allows for the

existence of crowded populations during the

dry season. Increases in population size as well

as in herd sizes should be related to birth pulses
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occurring mainly during October through

November, at the end of the rainy season.

Unfavorable habitat conditions during the dry

season favor the formation of larger groups

based on two advantages: 1) increment in

group size probably reduces predation risk, as

occurs in other rodents (Ebensperger and

Wallem, 2002) and 2) in habitats or periods

with limited water resource, sociability and

grouping may increase to reduce water and

energy stress, as has been evidenced in the

mole rat (Spalax ehrenbergi) (Ebensperger,

2003).

Clumped patterns describe the main spatial

structure in both seasons. Aggregation may

occur in response to behavioral and ecologi-

cal factors, including limited dispersal (Rees

et al., 1996), predation avoidance and

philopatry (Stein and Georgiadis, 2006) and

environmental heterogeneity (Mokany, 2008),

playing a fundamental role during the dry sea-

son when the spatial structure shows a higher

degree of clumpness. Behavioral responses

during the dry season may support the idea

that individuals in the studied population may

aggregate as a result of local habitat and sea-

sonal climate changes, since flooding processes

and features of the savanna are mainly deter-

mined by rainfall annual regime (Jongman et

al., 2008). This behavior supports the idea that

capybaras establish a “refuge”, a favorable site

that could be assumed as remnant swamps and

water bodies, from which individuals disperse

and return regularly to satisfy their metabolic

and behavioral requirements (Odum, 2005).

Grassland productivity, measured as aerial

biomass, is higher during the rainy season

(Ricaurte, 2007; Scholte, 2007), therefore food

and water resources are not considered limit-

ing factors. Thus, herd spatial distribution

might be influenced by landscape characteris-

tics, i.e., habitat homogeneity in regard to land

refuges for resting (dry savannas) and escape

coverage (tall grasses).

Spatial dynamics plays a different role at

short scales. Since regular patterns were iden-

tified at this scale in both seasons it is prob-

ably correct to assume that territoriality (a

characteristic behavior in capybaras;

Macdonald, 1981; Herrera and Macdonald,

1989) may be influencing spatiation among

herds. Regular patterns mainly occur because

of intra-specific competition (Campbell, 1992).

When the number of individuals within a group

increases the per capita food income decreases,

resulting in stronger intra-specific competition

(Chapman et al., 1995). Although intra-spe-

cific competition for space has not been mea-

sured in capybaras, social behaviors (i.e., so-

cial tolerance) displayed in response to abi-

otic habitat conditions may lead herds to over-

lap home ranges and defend a territory with a

common key resource (i.e., water). Such com-

petition for space may result in a regular dis-

tribution at a local scale (Campbell, 1992), as

was identified in our analyses.

Even though competition may create a den-

sity-dependent mechanism, this competition

effect is compensated with a different behav-

ioral and population mechanism that results in

increased survival. Behavioral mechanism as-

sumes an increase in effectiveness of individu-

als in seeking resources and an ability to

modify the micro-climatic and microhabitat

conditions. Perhaps, in response to water scar-

city, capybaras in seasonally flooded savan-

nas dig ditches and bathing ponds that hold

water during the dry season (Ojasti, 1973).

On the other hand, population growth rate may

be favored by population dynamics, since the

maximum birthrate peak coincides with the end

of the rainy season (Ojasti, 1973).

CONCLUSIONS

Since clumping was detected at different scales

and degrees in both seasons, it is reasonable

to expect ecological and behavioral forces to

play different roles during each season. Given

the higher clumping degree during the dry

season, we will expect a strong influence of

behavioral responses (i.e., predation avoidance)

and environmental influences (i.e., resource

scarcity). During this period food and water

are scarce and most of the swamps and rivers

dry up. Consequently, individuals compete

strongly for resources such as food and space,

resulting in these being limiting factors for
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capybara distribution, predation avoidance and

reproductive behavior. Since water bodies are

the main refuge from predators, and play an

important role in body thermo-regulation and

reproduction (they are the main cover used

for copulation; Ojasti, 1973), capybaras may

aggregate toward these favorable environmen-

tal conditions to increase the ability to detect

and escape from predators (protection given

by the dilution effect; Ebensperger and Cofré,

2001) and the chance to be the sire of the next

generation.
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