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Abstract. As in many deer species antler weight is related to body weight, our aims were to determine if in 
male pampas deer, an endangered species, antler size is related to body size in single-age class groups of 
males, and if antler and body weight, and their ratio, differ between adult and young males. Data were 
collected during two consecutive years in two groups of semicaptive males, composed by 6 adult males and 5 
young males. All males had free access to food, and were weighed both during March (autumn in southern 
hemisphere). Data regarding antler status were registered daily: when a buck was observed without its 
antlers we searched the paddock for the antler, collected and identified it. Antler weight, volume, and lengths 
were recorded, and density was calculated. There was a positive relationship between body weight and antler 
weight in adults but not in young males. Body weight, antler weight, and antler weight: body weight ratio 
were greater in adult than young males. Antler volume, coronet circumferences, and lengths of first and 
second tines were greater in adult than young males. Overall, we concluded that in pampas deer managed in 
semicaptive conditions, with free access to food and a low range of variation of body weight there is a 
positive relationship between body weight and antler mass only when males reach their adult weight. Also, 
antler weight and size, as well as the antler:body weight ratio is greater in adult males than in males younger 
than 3 years old. Both differences reflect a slow development rate considering high food availability. 
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Introduction 
 
Most deer species present annual reproductive 
patterns. In male deer, annual reproductive cycles 
are closely associated with antler cycles. Androgen 
concentration is the main determinant of antler 
cycles (Lincoln 1985, Asher et al. 1999): size and 
bone mineralization are related to testosterone 
concentrations observed before the rut period 
(Brown et al. 1978), and casting is observed 2 to 4 
weeks after a sharp decrease in testosterone con-
centration. Therefore, antler cycle and antler char-
acteristics such as testis size and body weight are 
unique non-invasive indicators of changes on tes-
tosterone secretion throughout the year (see re-
view: Bubenik 1990) and can be used as an indirect 
approach to study gonadal changes in species that 
cannot be easily handled. It has been reported that 
there is a positive relationship between antler size 
and body size, at least during adult life (Huxley 
1931). In red deer, it has been demonstrated that 
during development testosterone controls antler 
development and is closely related to body 
weight, which greatly influences puberty onset 
(Gómez et al. 2006). However, it should also be 
considered that a range of factors may affect antler 
weight, length or even composition: nutrition, 

ranging from plant composition to milk ingested 
during lactation (Fennessy & Suttie 1985, cited by 
Putman 1988, Landete-Castillejos et al. 2007a,b,c, 
Estevez et al. 2009); or even habitat quality that in 
addition to weight can affect antler density or fre-
quency of breakage (Landete-Castillejos et al. 
2010). 

The pampas deer (Ozotoceros bezoarticus, Lin-
naeus 1758) was originally distributed in the open 
grasslands (pampas) across eastern South Amer-
ica, from 5° to 41° S (Jackson & Langguth 1987). 
However, habitat fragmentation, agriculture de-
velopment, competition with farmed animals 
(Demaría et al. 2003), unregulated hunting (Jack-
son & Giullieti 1988), and transmission of infec-
tious diseases (Jungius 1975/76) has confined 
animals to small isolated populations. The species 
is considered as Near Threatened by the IUCN 
(IUCN 2010), being reported in small populations 
in Argentina, Brazil and Uruguay. Pampas deer 
antler cycle has been recently described in detail 
on the ECFA population (Ungerfeld et al. 2008a). 
In adult males located at the ECFA, managed to-
gether with females, antler cast was consistently 
observed during the first days of August (winter). 
However, other environmental signals, like the 
presence of females,  also influences  antler weight  
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and cast date (Ungerfeld et al. 2009a). 
Considering all this information, our first aim 

was to determine if antler and body weight are re-
lated in pampas deer single-age class groups of 
males. In this species it has been reported that ant-
ler weight increases until 6 years of age (Ungerfeld 
et al. 2008b), but this data could not been related 
to body weight. Therefore, a complementary aim 
was to determine if antler size and body weight 
ratio differ between adult and young males. 

 
 

Materials and Methods 
 

Animal management and antler collection 
The experiment has been performed at the Estación de 
Cría de Fauna Autóctona (ECFA, 34º3’ S, 55º1’ W; alti-
tude: ~ 200 m), Pan de Azúcar, Maldonado, Uruguay, 
where semi-captive breeding of animals that came from 
the O. b. arerunguaensis population started in 1981. This 
population is the largest in the world for captive animals 
of this species.  

Data were recorded during two consecutive years in 
two groups of males tagged to facilitate individual identi-
fication, housed in separated paddocks. These were the 
only paddocks where only males were housed, and both 
were in contact through fence lines with breeding groups 
that included females. Groups were composed by 6 adult 
males (5-6 years old) and 5 young males (1-2 years old) in 
2008. During 2009, 2 males from the adult group died, so 
the groups remained with 4 and 5 males. Animals grazed 
over native pastures and received approximately 600 g of 
dairy cows ration/deer daily. This amount of food was 
supplied from Monday to Saturday throughout the year, 
and as usually part of the ration remains after feeding this 
amount may be considered as ad libitum.  

As part of other experiment, all animals were cap-
tured during March. As animals were nervous and 
stressed, they were captured with anesthetic darts fired 
from a blowpipe (Telinject, California, USA). The anes-
thetic solution contained 2.0 mg/kg of xylazine 10% (Se-
domin, Laboratorio König, Buenos Aires, Argentina), 1.6 
mg/kg of ketamine 5%, (Vetanarcol, Laboratorio König, 
Buenos Aires, Argentina) and 0.013 mg/kg of atropine 
1‰ (Sulfato de Atropina, Laboratorio ION, Montevideo, 
Uruguay). While anaesthetized, all males were weighed 
hanged (precision=100 g), and anesthesia was later re-
versed with a jugular vein injection of 0.26 mg/kg of yo-
himbine hydrochloride (Reverze, Laboratorio Vetcross, 
Montevideo, Uruguay).  

Data regarding antler status was registered daily: 
when a buck was observed without its antlers we 
searched the paddock for the antler, collected and identi-
fied it.  

 

Antler data 
Antler weight and volume, coronet circumference, length 
from antler coronet to first tine bifurcation, and lengths of 
first and second tines were recorded. Volume was calcu-
lated according to the water displaced after immersion. 

Circumferences and lengths were defined as in Ungerfeld 
et al. (2008b). Density (weight/volume) was calculated.  

 

Statistical analysis 
For the statistical analysis, the sum of both antler weights 
and volumes was considered. For the basal circumference 
and antler lengths, the longer of both antlers was consid-
ered for each animal. Regressions were performed be-
tween antler weight and body weight for each group of 
males considering the data from each year as an inde-
pendent data. Body weight, antler parameters, and antler 
weight:body weight ratio of adult and young males were 
compared with an ANOVA. All analyses were performed 
with Stata 11 (StataCorp LP, Texas, USA). 
 
 
Results 
 

Relation between body weight and antler weight 
within each group of males 
While in adult males there was a positive relation-
ship between body weight and antler weight 
(R2=0.41, p =0.027 (Fig. 1A), no significant relation-
ship was observed in young males (R2=0.06, p>0.1; 
Fig. 1B). 

 

Body and antler weight in adult and young males 
Body weight ranged from 27.2 to 30.8 kg in adult 
and from 22.4 to 27.5 kg in young males during 
the first year, and from 26.7 to 32.2 kg and 24.4 to 
28.4 kg during the second year respectively. Body 
weight, antler weight, and antler weight:body 
weight ratio were greater in adult than young 
males both years (Table 1). 

 

Antler characteristics 
Antler volume, coronet circumferences, and 
lengths of first and second tines were greater in 
adult than young males both years (Table 2). 

 
 

Discussion 
 

We observed a close relationship between body 
weight and antler weight only in adult males. The 
positive relation observed in adult males is similar 
to what Gaspar-López et al. (2009) observed in 
adult red deer. As these relationship was observed 
only in males older than 4 years, we can suggest 
that reproductive development period is relatively 
long in pampas deer males. It seems that antler 
weight in young males is not directly related to 
the same parameters than in adult males, and to 
what has been reported in other deer species. 
Also, the lower antler:body weight relationship 
observed in young males, even when considering 
that some of them reached 3 years of age, indi- 
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Figure 1.  Antler weight-body weight relationship  
in 2 groups of semi-captive adult (A; 5-7 years)  
and young (B, 1-3 years) pampas deer males. 

 
 
cated a slower development of a secondary sexual 
character in relation to body weight. This seems 
obvious as the energy and nutritional cost of ant-
ler development should be added to the growth 
cost in developing males. Similarly, testosterone 
serum concentrations during the reproductive sea-

son increased significantly until males achieve 6-7 
years (Ungerfeld et al. 2009b). 

The lack of any relationship between antler 
and body weight in yearling males suggests that 
the possible influence of nutritional levels on ant-
ler weight (Fennessy & Suttie 1985, cited by 
Putman 1988) may be masked by the high food 
availability. Severinghaus and Moen (1983) re-
ported that nutrition level has a strong influence 
on antler diameter and weight in white-tailed 
deer. This reinforces the idea that in these males, it 
may be possible that differences are more reflected 
in growing rate than in reproductive or secondary 
outputs. An alternative, and not contradictory in-
terpretation, is that the relationship between body 
and antler weight has been demonstrated in red 
deer, whose antlers are considered one of the most 
extreme cases of exaggeration of male traits (Malo 
et al. 2005). On the other hand, pampas deer have 
relatively small and simple antlers, in which is un-
common to observe more than 3 tines or great ant-
ler sizes (Ungerfeld et al. 2008b). 

We did not observe any relationship between 
body weight and antler size in young males. This 
observation disagrees with Gaspar-López et al. 
(2008), who reported that in red deer, antler size is 
associated to body weight during the growth pe-
riod. We also observed that most antler size char-
acteristics are greater, but also proportionally 
greater in adult than in young males. This differ-
ence is also in accordance with previous reports: 
although young deer may develop good antlers, 
only adult deer will have the maximum size ant-
lers  (Bubenik & Schams 1986).  As  antler  produc- 

 
 

Table 1.  Body weight, antler weight, and antler weight:body weight ratio in adult and young pam-
pas deer males (Ozotoceros bezoarticus). Data were compared with an ANOVA, and values are pre-
sented as mean (1SEM). 

 

 Antler weight 
(g) 

Body weight 
(kg) 

Antler weight:body 
weight ratio (%) 

    Adult males 257 ± 16.6 29 ± 0.8 8.7 ± 0.4 
    Young males 131 ± 13.7 25 ± 0.7 5.1 ± 0.5 
    P <0.0001 0.002 <0.0001 

 
 

Table 2.  Antler characteristics from adult and young males. Values are presented as mean ± SEM. 
 

  Adult males Young males P 
Volume (cm3) 157 ± 12.2 80 ± 12.8 <0.0001 
Density (g/cm3) 1.7 ± 0.4 1.7 ± 0.1 ns 
Coronet circumference (cm) 7.2 ± 0.1 5.6 ± 0.3 <0.0001 
Length from antler coronet to first tine bifurcation (cm) 5.5 ± 0.1 4.9 ± 0.4 ns 
Length of first tine (cm) 15.2 ± 0.8 11.1 ± 0.9 0.001 
Length of second tine (cm) 14.9 ± 0.9 8.2 ± 1.2 <0.0001 
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ction requires energy and nutrients above  mainte- 
nance of basal functions, and young males also 
need to invest energy in body growth (Stewart et 
al. 2000), it may be expected that young males al-
locate less to antlers which will acquire greater 
importance only in prime age. In white-tailed deer 
(Strickland & Demarais 2000) and roe deer (Vanpé 
et al. 2007), antler size increases between yearling 
and prime-age stages. Moreover, it should be con-
sidered that antlers probably evolved first as a 
sexual secondary trait related to sexual selection 
(Bubenik 2002). In agreement with what has been 
reported for most deer species: males grow for at 
least half of their life-span (Lincoln 1992). In 
white-tailed deer males reach maturity one year 
later than females (Strickland & Demarais 2000). 

It seems that pampas deer males with access 
to ad-libitum food did not finish their reproduc-
tive and sexual development at least until they are 
<3 years old. On the other hand, females can reach 
puberty, adult weight, and produce viable off-
spring earlier than males (Ungerfeld et al. 2008c, 
2009b). Therefore, it is also interesting to speculate 
that differences in sex ratio mortality may also be 
related to this long growth period. In effect, in the 
wild O. bezoarticus arerunguaensis (located in Salto), 
it has been reported male:female ratio is 1:1 at 
birth but from 1:1.1 to 1:2 in adults (see review: 
Ungerfeld et al. 2008c). While females seem to 
achieve their maximum reproductive possibilities 
earlier (Ungerfeld et al. 2008c), male complete 
sexual maturation is delayed at least one year 
more than in females. As in most mammals grow-
ing animals have greater mortality rates than 
young adults, the long growing and developing 
period may be a strategy to select males before 
their reach adult parameters. 

There are few recorded data published on 
body weight of pampas deer males, but our data 
agree with the mean of 32.2 kg reported for males 
in Brazil (18º 59’ S; Piovezan et al. 2006). Other re-
searchers reported greater body weight ranges, 
from 30 to 40 kg (Nowak 1999). It should be con-
sidered that the data of this study was obtained in 
animals that are not affected by pastures availabil-
ity variations, but at the same time are animals 
coming from a population integrated by other 
subspecies. In any case, recorded weights are 
lower than those previously reported.  

Overall, we conclude that in pampas deer 
managed in semicaptive conditions, with free ac-
cess to food and a low range of variation of body 
weight there is a positive relationship between 

body weight and antler mass only when males 
reach their adult weight. Also, antler weight and 
size, as well as the antler: body weight ratio is 
greater in adult males than in males younger than 
3 years old. Both differences reflect a slow devel-
opment rate even considering high food availabil-
ity. 
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