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Abstract: Pampas deer (Ozotoceros bezoarticus) is a
medium-sized South American cervid associated with
savannas and grasslands in Argentina, Brazil, Bolivia,
Uruguay, and Paraguay. Currently, four isolated popu-
lation nuclei occur in Argentina, with the largest one
located in the semiarid grasslands of San Luis Province.
The aim of this work was to describe the social organiza-
tion of this local population and to determine and analyze
the factors that influence it. The most frequent groups
found were mixed groups (34.82%), followed by solitary
males (18.64%), and solitary females (15.00%). Differ-
ences in group type occurrence were found in three peri-
ods: dry, early rainy, and late rainy seasons. Mixed groups
were more frequent during the dry season. The sexual
segregation-aggregation statistic showed statistically sig-
nificant segregation only in January and November. In
addition, we analyzed the social grouping patterns during
an annual cycle; the mean group size was 2.49+0.46 and
Jarman’s typical group size was 3.84+1.08 (individuals/
group). A mixed-model nested ANOVA showed marked
differences in terms of group sizes between habitat types
and seasons. The social organization of the Pampas deer
in San Luis is similar to that of the other populations of
this species, despite occupying a different environment
type and exhibiting disparate feeding styles and density
values.
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Introduction

The size and composition of groups in social ungulates are
basic attributes of their social organization (Jarman 1974,
Shi et al. 2005). Individuals gather in response to both
the environment and the behavior of other individuals.
Groups are not stable units. Instead, individuals gather
and separate constantly (Rodrigues and Monteiro-Filho
1996, Gérard et al. 2002, Focardi and Pecchioli 2005).

Gregariousness is common among ruminants. Groups
are formed by individuals that keep a short distance
from each other and share activities, such as foraging,
moving, and resting. Group size results from the balance
between advantages and disadvantages of life in groups.
An individual obtains benefits mainly related to repro-
duction and/or anti-predatory tactic. However, there are
also disadvantages, such as the increase in intraspecific
competition and disease transmission (Gueron et al.
1996). Changes in group size are influenced by the density
and by ecological factors (type of habitat; quality, abun-
dance and distribution of food; predatory risk) (Jarman
1974, Clutton-Brock et al. 1982, Barrette 1991, Focardi and
Paveri-Fontana 1992).

With regard to group size, two trends have been iden-
tified in social ruminants. First, groups in open environ-
ments tend to be larger than those in closed environments.
This difference could be due to the fact that large groups
in open environments increase vigilance against preda-
tors. Among cervids, this trend was observed in the roe
deer Capreolus capreolus Linnaeus, 1758 (Marchal et al.
1998) and the white-tailed deer Odocoileus virginianus
Zimmermann, 1780 (Hirth 1977, Lagory 1986). Second,
large grouping is linked to increasing density because it
raises the probability of encounters among individuals
(Barrette 1991, Gérard et al. 2002), as observed in the roe
deer C. capreolus (Gérard et al. 1995, Marchal et al. 1998)
and in bovid species, such as the bohor reedbuck Redunca
redunca Pallas, 1767 (Wirtz and Lorscher 1983) and the
alpine ibex Capra ibex Linnaeus, 1758 (Toigo et al. 1996).

Jarman (1974) proposed that feeding habits also influ-
ence gregariousness, observing that in African bovids the
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highly selective feeders tended to form very small groups,
whereas the less selective feeders aggregated in larger
groups.

Pampas deer (Ozotoceros bezoarticus Linnaeus,
1758) is a medium-sized South American cervid, associ-
ated with savannas and grasslands in Argentina, Brazil,
Bolivia, Uruguay, and Paraguay (Jackson 1987, Merino
et al. 1997). Until the mid-19th century, it occurred in north
and central Argentina. Subsequently, it suffered a marked
retraction due to the advance of agricultural activities.
Currently, there are only four isolated population nuclei,
and the largest one (>1000 individuals) inhabits the semi-
arid grasslands in San Luis Province (Merino et al. 2011).
This species is considered “near threatened” (NT) accord-
ing to the IUCN Red List categorization (Gonzalez and
Merino 2008), but it is listed as “endangered” in Argentina
(Pastore 2012).

Pampas deer are not markedly gregarious, showing
a high rate of solitary individuals, and groups commonly
do not exceed three individuals (Netto 1997, Moore 2001,
Vila 2006). However, work on its social organization
and grouping patterns are still scarce (Netto et al. 2000,
Lacerda 2008, Cosse and Gonzalez 2013).

Births in this species can occur throughout the year
and usually a single fawn is born (Jackson 1987, Merino
et al. 1997, Gonzalez et al. 2010). In the San Luis popu-
lation, birthing peaks during spring, especially from
September to November (Jackson and Langguth 1987),
corresponding to a rutting peak from February to April, as
the gestation period is 7 months long.

The aim of this research is to describe the social
organization of Pampas deer in the semiarid grasslands
of San Luis and to determine and analyze the factors that
influence it.

Materials and methods

The Pampas deer population in San Luis inhabits the
semiarid Pampean grasslands, a graminaceous steppe
with small Chafar [Geoffroea decorticants (Gill. ex Hook.
& Arn.) Burkart] patches (Anderson et al. 1970). Mean
annual precipitation is 605 mm+204, about 80% of which
falls between October and April, with lower precipitation
in winter. The mean annual temperature is 17°C, with a
strong continental effect: 43°C in summer and 15°C in
winter (Anderson 1979). These seasonal rainfalls and tem-
peratures cause marked fluctuations in forage availability.

We studied the Pampas deer population at “El Cente-
nario” Ranch (34°10’ 2.57”S, 65°50’ 26.82”W). This cattle
ranch covers 380 km?, and it hosts the largest Pampas deer
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nucleus of the San Luis population (Dellafiore et al. 2003).
Since the early 1990s, land use in the area has changed,
with the introduction of exotic pastures, cattle rotation,
and land subdivision. Currently, only 18% of the ranch
has natural grasslands, whereas the exotics Digitaria eri-
antha Steudel (58%) and Eragrostis curvula (Schrad.) Nees
(24%) occur in the rest of the grasslands. There are also
small patches of soybean [Glycine max (L.) Merr.] crops
(Merino et al. 2009, 2011).

We conducted monthly terrestrial censuses (n=12)
from a vehicle between April 2006 and March 2007. Along
fixed transects, we recorded the size and composition
of groups classified according to the following age-sex
classes: adult males and females (1 year old or older),
fawns (up to 3 months of age) that still have the dot
pattern on their dorso-lateral fur, and juveniles (between
3 and 12 months of age) with 3/4 adult size without spots
of fawns (Moore 2001). For each observation, we also
recorded dominant vegetation in the paddock (habitat
type).

Groups were defined following Netto et al. (2000).
According to their composition, the groups were classi-
fied into six types: solitary male/female (M/F); group of
males (MM); group of females (FF), including fawns or
juveniles; mixed group (MF), including fawns or juve-
niles; and female-fawn or juvenile dyad (F-F). We com-
pared the frequency of group types during three main time
periods using the X*test, owing to the clear differentiation
between rainy and dry periods: dry season (June-Sep-
tember), when winter species grow among the dry dead
standing tussocks of summer forage species; early rainy
season (October—January), corresponding to the regrowth
of summer forage species (almost exclusive formation of
leaf tissue); and late rainy season (February-May), when
summer forage species bloom and fructify. Sex and age
ratios were also calculated for these three seasons.

We analyzed the sexual segregation or aggregation
pattern using the sexual segregation-aggregation statistic
(SSAS), following the protocol developed by Bonenfant
et al. (2007) through the R program (R Development Core
Team 2013).

For each census, we also calculated mean group size
(MGS, the arithmetic mean of group sizes averaged across
groups) and “crowding”, that is, the arithmetic mean of
crowding values averaged across individuals (Reiczigel
et al. 2008), to analyze the social grouping patterns during
an annual cycle. Mean crowding equals Jarman’s typical
group size (TGS) (Jarman 1974). TGS is the group size in
which an individual lives, it characterizes the social envi-
ronments of typical individuals, and it is larger than the
MGS because individuals tend to live in groups larger than
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average (Jarman 1974, Reiczigel et al. 2008). We compared
the monthly group size distributions using the Kruskall-
Wallis test.

We also obtained the monthly TGS for males (TGSM)
and females (TGSF), as well as the monthly typical number
of individuals of equal sex category (TNM and TNF), and
we compared these with a Mann-Whitney U-test. Kendall’s
coefficient was used to test whether the monthly patterns
of TGSs and TNs varied in the same way.

Using Spearman correlation, we analyzed whether
MGS was linked to monthly density, which was estimated
with the DISTANCE 5.0 software (Merino et al. 2011).
Moreover, a mixed-model nested ANOVA, with sector as a
random factor and habitat type nested in sector, was used
to examine whether group sizes (dependent variable) dif-
fered under the influence of the fixed factors, namely,
seasons of the year (dry, early rainy and late rainy) and
habitat type (vegetation present in the paddock: Digitaria,
Eragrostis and natural grasslands), with subsequent
Tukey’s tests.

Results

Sex and age ratios

We observed a total of 1578 individuals (131.5£22.40 Ind./
census), 39.29% of which were male adults, 45.37% female
adults, 12.18% juveniles, 2.02% fawns, and 1.14% unde-
termined. The mean adult male/female (sex) ratio, mean
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recruitment rate (juvenile/adult), and juvenile/female
(age) ratios were 0.91+0.35, 0.15+0.13, and 0.26+0.21,
respectively. The highest sex ratio (1.30+0.32) occurred
during the early rainy season, whereas the highest recruit-
ment (0.22+0.06) and juvenile/female ratio (0.38%0.1)
both occurred during the late rainy season.

Group types according to their composition

A total of 652 groups were observed (54.33+£12.26 groups/
census), with sizes between one and 17 individuals. Most
of the groups were formed by three or less individuals
(34.05% solitaries, 33.43% groups of two, and 14.42%
groups of three). Group size distributions differed among
months (H=34.039, 11 DF, p<0.0001).

The most frequently observed groups were mixed
groups (MF: 34.82%), followed by solitary males (M:
18.64%), solitary females (F: 15.00%), and female-fawn
dyads (F-F: 12.52%), whereas the groups formed by indi-
viduals of the same sex were the least common (FF: 10.78%
and MM: 8.24%).

The occurrence of group types was different among
the three mentioned periods of the year (X?=58.818, 10 DF,
p<0.0001). Mixed groups were frequent during the whole
year, especially during the late rainy and dry seasons,
peaking in September. During the early rainy season, the
occurrence of mixed groups and of female groups and
female-fawn dyads decreased. This trend coincided with
an increase in the number of solitary individuals (both
female and male) and male groups (Figure 1).
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Figure 1 Monthly distribution of different types of Pampas deer groups in “El Centenario” Ranch (General Pedernera Department, San
Luis). MF, mixed groups; M, solitary males; F, solitary females; F-F, female-fawn dyads; FF, female groups and MM, male groups. Seasons of

year: dry, early rainy, late rainy.
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Sexual segregation

Through SSAS analysis, we detected a random male-
female association pattern during almost all year, detect-
ing statistically significant sexual segregation solely in
January and November (Figure 2).

MGS and TGS

During the study period, MGS was 2.49+0.46 (Ind./
group) and TGS was 3.84+1.08 (Ind./group). The largest
groups occurred during the dry season (MGS=3.02+0.20;
TGS=4.90+0.37), with maximum values in September
(MGS=3.27; TGS=5.20) (Figure 3). During the early and
late rainy seasons, gregariousness diminished, except
in November (MGS_=2.32+0.39; TGS, =3.67+1.25 and
MGS, =2.14+0.10; TGS, =2.96+0.16), with the lowest
values observed in December (MGS=1.80 and TGS=2.33)
(Figure 3).

No statistically significant differences in grouping
occurred between males and females (TGSM vs. TGSF: U=77,
p=0.773, n=12; and TNM vs. TNF: U=69, p=0.862, n=12).

Kendall’s coefficient (W=0.758, 11 DF, p=0.001) indi-
cated that the monthly patterns of TGSM and TGSF varied
in the same way, i.e., both sexes tended to cluster together
more often during the dry season and less during the late
rainy season. Both trends were more marked in females
(Figure 4). In contrast, no detectable correlation was
observed between monthly TNF and TNM (W=0.242, 11 DF,
p=0.304). Females grouped with other females mainly
during the dry season, whereas males grouped with other

SSAS
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Figure 2 Annual patterns of sexual segregation/aggregation in
Pampas deer analyzed using the sexual segregation-aggregation
statistic (SSAS). The SSAS indicates statistically significant sexual
segregation or aggregation if the observed value (dotted line) falls
above or below the shaded area (at the 5% error level).
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Figure 3 Variation in Pampas deer mean group size (MGS) and
“crowding” (TGS), from April 2006 to March 2007, in “El Centenario”
Ranch (General Pedernera Department, San Luis). Seasons of year:
dry, early rainy, late rainy.
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Figure 4 Variation in Pampas deer typical group size of males
(TGSM), females (TGSF) and typical number of individuals of the
same sex (TNM: males and TNF: females), from April 2006 to March
2007, in “El Centenario” Ranch (General Pedernera Department, San
Luis). Seasons of year: dry, early rainy, late rainy.

males during both rainy seasons, especially the early one
(Figure 4).

Factors influencing group size

MGS was not correlated with monthly density (n=12;
Spearman=-0.455, p=0.138). Conversely, the mixed-
model nested ANOVA revealed marked differences in the
group size between habitat types within sectors (fourth-
root transformed data; Fz’526 =8.56, p=0.014) and seasons
(fourth-root transformed data; F, o6 =11.61, p=0.003).
The Tukey test indicated that the variability in group size
was mostly due to differences between dry and late rainy
seasons, and between Digitaria and Eragrostis.
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Discussion

The social organization of Pampas deer is characterized
by small MGS and high rate of solitary individuals and
groups of two, but groups that exceed 10 individuals are
not frequent (Netto 1997, Netto et al. 2000, Vila 2006,
Lacerda 2008). However, studies on grouping patterns to
help elucidate the causes why this deer, typical of open
environments, shows low aggregation values have been
scarce so far. Some authors have proposed that this behav-
ior could be due to the high flexibility of social organiza-
tion in Pampas deer, in which dynamic groups merge and
split constantly (Rodrigues and Monteiro-Filho 1996), or
to very low population density (Jackson and Langguth
1987, Netto et al. 2000, Pereira et al. 2005).

The population of Pampas deer has been decreasing,
both in terms of population size and distribution area,
mainly because of anthropogenic pressure (Gonzélez and
Merino 2008). This trend is particularly evident in the
populations in Argentina and Uruguay, which are clearly
relictual.

The population of this deer in the semiarid grasslands
of San Luis lives within a productive system on which this
species would not exert any negative impact, and its pop-
ulation size is approximately 800 individuals in the study
area (“El Centenario” Ranch) (Merino et al. 2011).

Sex and age ratios

Sex and age ratios varied according to the seasons of the
year. The early rainy season was the only period with more
males than females and also with lower age ratios. This
season coincides with the last stage of pregnancy and the
beginning of fawn births (October), during which females
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separate themselves from the group and seek better pro-
tection for their fawn (Jackson 1987, Jackson and Langguth
1987). The mean recruitment — an important estimation
of population growth — was low (0.15+0.13), although it
is higher than that in the populations of Parana (0.12)
and Los Ajos (0.11) (Braga and Kuniyoshi 2010, Cosse and
Gonzalez 2013).

Table 1 shows the comparative data for several popu-
lations. This information can be used to discuss the social
organization of this species. The San Luis Pampas deer
population is characterized by having solitary individu-
als or pairs as the basic social units (34.05% and 33.43%
of the total groups, respectively). This behavior was also
observed in the remaining populations of this species
(Table 1). The Pampas deer population of San Luis showed
a MGS of 2.49+0.46 and a TGS of 3.84+1.08. Both indices
are the highest for the species, with the exception of
the Los Ajos population, which has undergone a strong
process of geographic retraction and is currently confined
to a small area of 25 km? under intensive livestock use with
high deer density (Cosse 2010).

Grouping patterns

On the basis of our results, we conclude that the Pampas
deer population in San Luis has a seasonal dynamic that
affects the size and composition of groups, with a clear
grouping trend during the dry season when the available
foraging sources diminish and the deer gather in patches
of stubble soybean (Merino et al. 2009). A similar situation
was observed in fire-affected areas in Das Emas National
Park (Netto et al. 2000), as well as in rice crops in Los Ajos
de Rocha, Uruguay (Cosse Larghero 2002).

Table1 Population parameters of O. bezoarticus, concerning its social organization and type of environment.

Populations Brazil Argentina Uruguay

P.N. Emas® Pantanal® Bahia SB¢ San Luis* Los Ajos®
MGS 2.11+0.07 2.13+1.45 1.91+1.15 2.49+0.46 2.4+3.56
TGS 3.10 3.11+0.01 - 3.8411.08 7.18%£7.9
Groups of 1 44% 42% 43% 34.05% 40%
Groups of 2 29% 30% 35% 33.43% 35%
Groups of >3 29% 28% 22% 32.52% 25%
Environment Cerrado savanna Pantanal wetland Grassland Grassland Grassland
Density (ind/km?) 1 0.2 0.51-1.38 1.95+0.25 11£0.98
Area km? 1318 140000 285 380 25

Feeding style Dicot feeder Mix dicot feeder

Mixed grass feeder Mixed grass feeder Mixed grass feeder

References: *Netto et al. 2000; Rodrigues 1996; "Mourao et al. 2000; Lacerda 2008; <Vila 2006; “Present work; ¢Cosse and Gonzélez 2013.

Feeding style follows Merino and Rossi (2010).
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During the early rainy season, vegetation begins to
grow and the distribution of foraging sources becomes
homogeneous. Thus, individuals are not so gregarious
and groups tend to be smaller. Groups begin to split and
the frequency of solitary individuals increases, especially
because this period coincides with the last stage of preg-
nancy and females separate themselves from the group, as
previously reported (Jackson 1987). In turn, males during
this season, prior to the rut (which begins in late Febru-
ary or early March), show their antlers in velvet (Jackson
1986) and remain solitary or cluster with other males. As a
result, the percentage of mixed groups decreases.

During the late rainy season, males, now showing
their polished antlers, become less gregarious as the rut
begins, and solitary males begin to search for a mate.
This behavior results in a high proportion of small mixed
groups formed either by a male and a female, or by a
male, a female and a juvenile, with the males displaying
clear pre-copulatory behavior (Jackson 1985, Pereira et al.
2005).

Mixed groups are very frequent all year long, with a
slight decrease in the early rainy season, when females
enter the final stage of pregnancy. Our results suggest
that there is no sexual segregation in the Pampas deer
population of San Luis. It is corroborated by the results of
the SSAS analysis, which revealed sexual segregation in
January and November only (Figure 2).

The causes of sexual segregation in ungulates have
been widely discussed in the literature, with those
hypotheses concerning predation risk, forage selec-
tion, and activity budget standing out (Main et al. 1996,
Ruckstuhl and Neuhaus 2000, 2002, Ruckstuhl 2007).
The arguments of these hypotheses are based on sexual
dimorphism. Pampas deer have small differences in terms
of body size (Merino et al. 2005, Cassini et al. 2014) and
low degree of sexual segregation compared with the
other cervid species with strong sexual size dimorphism
(Putman and Flueck 2011).

Observations made for other Pampas deer popula-
tions are in agreement with our findings because previ-
ous authors also detected sexual segregation associated
with birth period, as in Los Ajos (Cosse and Gonzalez
2013), Pantanal (Netto 1997, Lacerda 2008), and Emas
(Rodrigues 1996). According to Ruckstuhl (2007), the iso-
lation of females in the beginning of births could be due
to the lack of mobility in neonates that are not able to flee,
and to a need for individual recognition between mother
and fawn. This pattern of sexual segregation associated
with births also could be linked to the “predation risk
hypothesis” (Ruckstuhl and Neuhaus 2000), and is related
to habitat availability where females and small fawns stay
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in safer habitats while males look for better quality pas-
tures to meet their nutritional requirements during antler
development. This crucial event in their biological cycle
could play an important role in the grouping patterns of
Pampas deer. Further studies are required to improve our
knowledge of sexual segregation patterns.

Factors that influence gregariousness

Consequently, it could be assumed that the group patterns
observed in Pampas deer in the semiarid grasslands of
San Luis are influenced by two factors: season of the year
and type of habitat (plant species). The environmental
variables (temperature, precipitation, photoperiod, etc.)
determine the phenological state of the vegetation. Hence,
both the supply and the spatial distribution of foraging
resources have an influence on group patterns. This trend
becomes evident with the formation of temporary groups
of up to 17 individuals during periods of high concentra-
tion of food supply in some patches.

The life cycle of Pampas deer also has an influence on
its group patterns, as reflected in the variations in group
size and composition according to the reproductive period
and its seasonal events (mating, pregnancy, and birth).
In conclusion, the group patterns of Pampas deer depend
both on the seasons of the year and on the life cycle of
individuals. Similar conclusions were drawn from the
local populations of Pampas deer in Pantanal and Los
Ajos (Lacerda 2008, Cosse and Gonzélez 2013).

The MGS of the Pampas deer population in San Luis
was not linked to their monthly density. Coincidently,
Cosse and Gonzalez (2013) did not observe a correlation
between both parameters in the population of Los Ajos
(Uruguay), or between the MGS and densities of differ-
ent populations in Argentina, Brazil, and Uruguay. Thus,
density would not have an influence on the gregarious-
ness of Pampas deer.

Moreover, the type of environment would not influ-
ence the gregariousness of this species, which has a wide
distribution range and lives in a large variety of environ-
ments, but exhibits a similar social organization formed
by basic units of solitary individuals or dyads, both in
closed environments (savanna of the Brazilian Cerrado)
and open grasslands of Uruguay and Argentina. The
lack of relationship between gregariousness and density
or type of environment has been recently suggested by
Lacerda (2008), Cosse (2010), and Cosse and Gonzalez
(2013).

Another factor that would affect gregariousness is
feeding style, as proposed by Jarman (1974) for bovids
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and, later by Putman (1988) for cervids. According to these
authors, highly selective feeders form very small groups,
whereas less selective feeders can be a part of larger groups.
The Pampas deer has wide geographical ranges and lives
in a great variety of habitats. This characteristic favors its
trophic behavior diversity, which includes varied feeding
types ranging from mainly dicotyledons, as in the Brazil-
ian Cerrado (“dicot feeder”) and the Pantanal (“mixed
dicot feeder”), to mainly grasses (“mixed grass feeder”), as
in San Luis, Bahia Samboromboén (Argentina) and Rocha
(Uruguay) (Merino and Rossi 2010) (Table 1). In all of these
populations, Pampas deer shows no variation concerning
its social organization, despite displaying several feeding
tactics. Consequently, these various feeding styles would
not have influence on the gregariousness of this species.

Another issue to be explored is the predatory pres-
sure affecting different populations of Pampas deer and
its relationship with gregariousness. In South America,
several predators, such as the jaguar (Panthera onca Lin-
naeus, 1758), the cougar (Puma concolor Linnaeus, 1771),
and the maned wolf (Chrysocyon brachyurus Illiger, 1815),
coexist with this species in different environments. In
the study area, only the cougar is present, but its poten-
tial impact on the local population of Pampas deer is
unknown because the population density of this feline is
quite low.

Acknowledgments: We thank Diego Meier for his assis-
tance during fieldwork and the staff at the “El Centenario”
Ranch, especially Ag. E. Gonzalo Molina and family, for
their invaluable help. We acknowledge the advice and
suggestions given by the reviewers that greatly improved
our study. This research was funded by grants from BBVA
Foundation Spain, CREOI, CICPBA, CONICET, and Univer-
sidad Nacional de La Plata.

References

Anderson, D.L. 1979. La distribucion de Sorghastrum pellitum
(Poaceae) en la provincia de San Luis y su significado
ecolégico. Kurtziana 12-13: 37-45.

Anderson, D.L., J.A. Del Aguila and A.E. Bernardén. 1970. Las
formaciones vegetales de la Provincia de San Luis. Revista de
Investigaciones Agropecuaria 7: 153-183.

Barrette, C. 1991. The size of Axis deer fluid groups in Wilpattu
National Park, Sri Lanka. Mammalia 55: 207-220.

Bonenfant, C., J.M. Gaillard, S. Dray, A. Loison, M. Royer and
D. Chessel. 2007. Testing sexual segregation and aggregation:
old ways are best. Ecology 88: 3202-3208.

Braga, F.G. and Y.S. Kuniyoshi. 2010. Estimativas de parametros
populacionais e demograficos de Ozotoceros bezoarticus

M.B. Semefiiuk and M.L. Merino: Pampas deer social organization in grasslands of San Luis, Argentina = 137

(Artiodactyla, Cervidae) em Pirai do Sul, Parana, sul do Brasil.
Iheringia, Sér. Zool. 100: 105-110.

Cassini, G.H., D.A. Flores and S.F. Vizcaino. 2014. Postnatal
ontogenetic scaling of Pampas Deer (Ozotoceros bezoarticus
celer: Cervidae) cranial morphology. Mammalia. DOI: 10.1515/
mammalia-2013-0051, February 2014

Clutton-Brock, T.H., F.E. Guinness and S.D. Albon. 1982. Red deer.
Behavior and ecology of two sexes. Edinburgh University
Press, Edinburgh. pp. 377.

Cosse, M. 2010. Uso de habitat y estructura genética de la sub-
especie Ozotoceros bezoarticus uruguayensis. Pautas para su
conservacion. PhD thesis, Universidad de la Repdblica.

Cosse, M. and S. Gonzalez. 2013. Demographic characterization and
social patterns of the Neotropical pampas deer. SpringerPlus
2: 259.

Cosse Larghero, M. 2002. Dieta y solapamiento de la poblacion de
venado de campo “Los Ajos”, (Ozotoceros bezoarticus L. 1758)
(Artiodactyla: Cervidae). Master’s thesis, Universidad de la
Repablica.

Dellafiore, C.M., M.R. Demaria, N.O Maceira and E. Bucher. 2003.
Distribution and abundance of the pampas deer in San Luis
province, Argentina. Mastozool. Neotrop. 10: 41-47.

Development Core Team R. 2013. R: A language and environment for
statistical computing. R Foundation for Statistical Computing,
Vienna, Austria.

Focardi, S. and S.L. Paveri-Fontana. 1992. A theoretical study of the
socioecology of ungulates. Theor. Pop. Biol. 41: 121-134.

Focardi, S. and E. Pecchioli. 2005. Social cohesion and foraging
decrease with group size in fallow deer (Dama dama). Behav.
Ecol. Sociobiol. 59: 84-91.

Gérard, J.-F., Y. Le Pendu, M.-L. Maublanc, J.-P. Vincent, M.-L. Poulle
and C. Cibien. 1995. Large group formation in European roe
deer: an adaptive feature? Rev. Ecol. Terre. Vie. 50: 391-401.

Gérard, J.-F., E. Bideau, M.-L. Maublanc, P. Loisel and C. Marchal.
2002. Herd size in large herbivores: encoded in the individual
or emergent? Biol. Bull. 202: 275-282.

Gonzalez, S. and M.L. Merino. 2008. Ozotoceros bezoarticus. IUCN
2013. IUCN Red List of Threatened Species. <www.iucnredlist.
org>. Accessed 15 October 2013.

Gonzalez, S., M. Cosse, F.G. Braga, A.R. Vila, M.L. Merino,

C. Dellafiore, J.L. Cartes, L. Maffei and M. Gimenez Dixon.
2010. Pampas deer Ozotoceros bezoarticus (Linnaeus 1758).
In: (J.M.B Duarte and S. Gonzalez, eds.) Neotropical Cervidol-
ogy: biology and medicine of Latin American deer. Funep,
Jaboticabal. pp. 119-132.

Gueron, S., S.A. Levin and D.l. Rubenstein. 1996. The dynamics of
herds: from individuals to aggregations. J. Theor. Biol. 182:
85-98.

Hirth, D.H. 1977. Social behaviour of white-tailed deer in relation to
habitat. Wildl. Monogr. 53: 1-55.

Jackson, J.E. 1985. Behavioural observations on the Argentinean
Pampas deer (Ozotoceros bezoarticus celer, Cabrera, 1943).

Z. Saugtierkunde 50: 107-116.

Jackson, J.E. 1986. Antler cycle in pampas deer (Ozotoceros
bezoarticus) from San Luis, Argentina. J. Mammal. 67: 175-176.

Jackson, J.E. 1987. Ozotoceros bezoarticus. Mammal. Spec. 295:
1-5.

Jackson, J.E. and A. Langguth. 1987. Ecology and status of pampas
deer (Ozotoceros bezoarticus) in the Argentinian pampas and
Uruguay. In: (C.M. Wemmer, ed.) Biology and management of


www.iucnredlist.org<200A>><200A>
www.iucnredlist.org<200A>><200A>

138 —— M.B. Semeifiiuk and M.L. Merino: Pampas deer social organization in grasslands of San Luis, Argentina

the Cervidae. Smithsonian Institution Press, Washington DC.
pp. 402-410.

Jarman, P.J. 1974. The social organization of antelope in relation to
their ecology. Behaviour 48: 215-267.

Lacerda, A.C.R. 2008. Ecologia e Estrutura Social do Veado-
Campeiro (Ozotoceros bezoarticus) no Pantanal. PhD Thesis,
Universidade de Brasilia.

Lagory, K.E. 1986. Habitat, group size, and the behaviour of white-
tailed deer. Behaviour 98: 168-179.

Main, M.B., F.W. Weckerly and V.C. Bleich. 1996. Sexual segregation in
ungulates: new directions for research. ). Mammal. 77: 449-461.

Marchal, C., ).-F. Gérard, B. Boisaubert and E. Bideau. 1998. Instabil-
ity and diurnal variation in size of winter grouping of field roe
deer. Rev. Ecol. Terre. Vie. 53: 59-68.

Merino, M.L. and R.V. Rossi. 2010. Origin, systematics, and morpho-
logical radiation. In: (J.M.B. Duarte and S. Gonzalez, eds.) Neo-
tropical Cervidology: biology and medicine of Latin American
deer. Funep, Jaboticabal. pp. 2-11.

Merino, M.L., S. Gonzalez, F. Leeuwenberg, F.H.G. Rodrigues, L.
Pinder and W.M. Tomas. 1997. Veado campeiro (Ozotoceros
bezoarticus Linnaeus 1758). In: (J.M.B. Duarte, ed.) Biologia e
conservacao de Cervideos Sul-Americanos: Blastocerus, Ozo-
toceros e Mazama. Funep, Jaboticabal. pp. 42-58.

Merino, M.L., N. Milne and S.F. Vizcaino. 2005. A cranial morpho-
metric study of deer (Mammalia, Cervidae) from Argentina
using three-dimensional landmarks. Acta Theriol. 50: 91-108.

Merino, M.L., M.B. Semeifiiuk, M.)., Olocco Diz and D. Meier. 2009.
Utilizacion de un cultivo de soja por el venado de las pampas
(Ozotoceros bezoarticus Linnaeus, 1758), en la provincia de San
Luis, Argentina. Mastozool. Neotrop. 16: 347-354.

Merino, M.L., M.B. Semeifiiuk and J.E. Fa. 2011. Effect of cattle breed-
ing on habitat use of Pampas deer Ozotoceros bezoarticus celer
in semiarid grasslands of San Luis, Argentina. ). Arid. Environ.
75: 752-756.

Moore, D.E. 2001. Aspects of the behavior, ecology and conserva-
tion of the Pampas deer. PhD Thesis, University of New York.

Mourdo, G., M. Coutinho, R. Mauro, Z. Campos, W. Tomas and W.
Magnusson. 2000. Aerial surveys of caiman, marsh deer and
pampas deer in the Pantanal Wetland of Brazil. Biol. Conserv.
92:175-183.

Netto, N.T. 1997. Intera¢des sociais, dimorfismo comportamental e
segregacao sexual em veado campeiro (Ozotoceros bezoarti-
cus). Master’s thesis, Universidade Federal do Para.

Netto, N.T., C.R.M. Coutinho-Netto, M.).R. Paranhos Da Costa and
R. Bon. 2000. Grouping patterns of pampas deer (Ozotoceros

DE GRUYTER

bezoarticus) in the Emas National Park, Brazil. Rev. Etol. 2:
85-94.

Pastore, H. 2012. Ozotoceros bezoarticus (Linnaeus). Ciervo de
las pampas, venado. In: (R.A. Ojeda, V. Chillo and G.B. Diaz
Isenrath, eds.) Libro Rojo de mamiferos amenazados de la
Argentina. SAREM, Mendoza. pp. 128.

Pereira, R.).G., J.M.B. Duarte and J.A. Negrao. 2005. Seasonal
changes in fecal testosterone concentrations and their rela-
tionship to the reproductive behavior, antler cycle and group-
ing patterns in free-ranging male Pampas deer (Ozotoceros
bezoarticus bezoarticus). Theriogenology 63: 2113-2125.

Putman, R.). 1988. The natural history of deer. Christopher Helm,
London. pp. 208.

Putman, R. and W.T. Flueck. 2011. Intraspecific variation in biology
and ecology of deer: magnitude and causation. Anim. Prod.
Sci. 51: 277—291.

Reiczigel, )., Z. Lang, L. R6zsa and B. Tothmérész. 2008. Measures
of sociality: two different views of group size. Anim. Behav. 75:
715-721.

Rodrigues, F.H.G. 1996. Historia Natural e Biologia comportamental
do veado campeiro (Ozotoceros bezoarticus) em cerrado do
Brasil central. PhD thesis, Universidad Estadual de Campinas.

Rodrigues, F.H.G. and E.L.A. Monteiro-Filho. 1996. Comensalistic
relation between Pampas deer, Ozotoceros bezoarticus (Mam-
malia: Cervidae) and rheas Rhea americana (Aves: Rheidae).
Brenesia 45: 187-188.

Ruckstuhl, K.E. 2007. Sexual segregation in vertebrates: proximate
and ultimate causes. Integr. Comp. Biol. 47: 245-257.

Ruckstuhl, K.E. and P. Neuhaus. 2000. Sexual segregation in ungu-
lates: a new approach. Behaviour 137: 361-377.

Ruckstuhl, K.E. and P. Neuhaus. 2002. Sexual segregation in
ungulates: a comparative test of three hypotheses. Biological
Reviews 77: 77-96.

Shi, J., R.I.M. Dunbar, D. Buckland and D. Miller. 2005. Dynamics of
grouping patterns and social segregation in feral goats (Capra
hircus) on the Isle of Rum, NW Scotland. Mammalia 69: 185-199.

Toigo, C., J.-M. Gaillard and J. Michallet. 1996. La taille des groupes:
un bioindicateur de effectif des populations de bouquetin des
Alpes (Capra ibex ibex)? Mammalia 60: 463-472.

Vila, A.R. 2006. Ecologia y conservacion del venado de las pampas
(Ozotoceros bezoarticus celer, Cabrera 1943) en la Bahia Sam-
borombén, Provincia de Buenos Aires. PhD thesis, Universidad
de Buenos Aires.

Wirtz, P. and J. Lorscher. 1983. Group sizes of antelopes in an East
African National Park. Behaviour 84: 135-156.



