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Abstract

The purpose of this study was to validate noninvasive endocrine monitoring techniques for
Pampas deer and to evaluate seasonal changes in testicular steroidogenic activity and their correlation
to reproductive behavior, antler cycle and group size. Thus, fecal samples, behavioral data and
observations of antler status were collected at monthly intervals during 1 year from free-ranging
Pampas deer stags (three radio-collared individuals and 15 random individuals) living in Emas
National Park, Brazil (18°S latitude). Fecal steroids were extracted using 80% methanol and steroid
concentrations were quantified by a commercial enzyme immunoassay (EIA). Fecal testosterone
concentrations peaked in December—January (summer), March (early autumn) and in August—
September (winter—spring), with minimal values from April-July. Reproductive behavior had two
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peaks, the first in December—January, characterized by predominately anogenital sniffing, flehmen,
urine sniffing, chasing and mounting behavior, and the second peak in July—September (behavior
primarily related to gland marking). There were significant correlations between fecal testosterone
and reproductive behavior (r = 0.490), and between fecal testosterone and antler phases (r = 0.239).
Antler casting and regrowth occurred under low testosterone concentrations, whereas velvet shedding
was associated with high concentrations of testosterone. We inferred that Pampas deer stags exhibited
a seasonal cycle that modulated sexual behavior and the antler cycle, and we concluded that fecal
steroid analysis was a practical and reliable non-invasive method for the evaluation of the endocrine
status of free-ranging Pampas deer.

© 2004 Elsevier Inc. All rights reserved.
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1. Introduction

In most seasonally breeding mammals, several environmental cues (e.g., nutritional,
physical and social factors) modulate the reproductive performance of an individual and
act as indicators of the onset and cessation of sexual activity [1,2]. For the family Cervidae,
almost all detailed reproductive knowledge in males has been derived from studies of
temperate species that exhibit a distinct seasonal cycle of reproductive behavior and antler
growth [3,4]. Photoperiod is responsible for the adaptation of these deer species to high
latitudes, therefore breeding occurs during decreasing daylengths [3]. Although many
species of deer live in tropical and subtropical regions (with comparatively minor annual
changes in photoperiod), information about their reproductive biology and antler cycles is
comparatively rare.

The Pampas deer (Ozotoceros bezoarticus) is amedium-sized cervid originally distributed
throughout the grasslands of eastern South America (between 5° and 40°S latitude). Due to
human activities, these ungulates are currently listed as endagered in Appendix 1 of the
CITES and exist in small, isolated populations in Argentina, Bolivia, Brazil, Paraguay and
Uruguay [5-7]. Information regarding Pampas deer reproduction has been reported mainly
on females, which are polyoestrous, with estrous cycles approximately 21 days long and a 7
months gestation [7,8]. Studies in South America have shown that births in Ozotoceros are
not strictly seasonal, but occurred more frequently from September to November in
Argentina and Uruguay [6], and from August to November in Brazil [7]. In additional,
Fradrich [9] reported that captive Pampas deer in the West Berlin zoo had no fixed rutting
season. Nevertheless, males of this species exhibit a well-defined antler cycle, similar to
temperate stags, with antler casting from April to May in the Brazilian Pantanal [10], June to
August in Uruguay [6] and August to September in Argentina [11]. Therefore, studies
involving assessment of hormones, behavior and antler cycle in stags are important to
compare seasonal reproductive changes of this tropical species to temperate cervids.

The development of assisted reproductive techniques such as artificial insemination, in
vitro fertilization and embryo transfer for non-domestic animals depend on the knowledge
of their basic reproductive physiology, which normally requires the collection of repeated
blood samples for hormonal evaluations. However, in many cervid species, these endocrine
studies are not practical and even dangerous due to excessive stress caused by capture and
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restraint [12,13]. Consequently, non-invasive monitoring of fecal and urinary steroid
metabolites has proven valuable to determine many reproductive end points (e.g., ovarian
cyclicity, gestation and seasonality) in both captive and free-ranging ungulates [14-21].
Notwithstanding the feasibility of the non-invasive techniques, few studies monitored
androgenic status in males [13]. Urinary and fecal androgen analysis involving stags have
been reported only in Eld’s deer (Cervus eldi thamin) [22], Sika deer (Cervus nippon) [23]
and Pere David’s deer (Elaphurus davidianus) [24]. Thus, the objectives of this work were
to: (1) validate an enzyme immunoassay to quantify fecal testosterone in Pampas deer; (2)
study annual changes in fecal testosterone of free-ranging stags and (3) correlate fecal
concentrations of testosterone with reproductive behavior, antler cycle, group size and
environmental factors.

2. Materials and methods
2.1. Study area

The Emas National Park (ENP) is a federal reserve located in the southwest of the state of
Goias (18°S/52°W) and is the largest protected area of savanna vegetation in Brazil
(131,868 ha). The park contains almost all typical vegetation of the savanna, with approxi-
mately 60% of the total area covered by open grasslands. The population of the northern
subspecies of Pampas deer (O. b. bezoarticus) is estimated to be 1300 individuals [7,25,26].

2.2. Animals

The Pampas deer monitored in this study were free-ranging stags from ENP, which were
divided into two groups, marked (n =3) and random males (n = approximately 15 per
month). In order to attach plastic ear tags and radiocollars (150-151 MHz; Wildlife
Materials Inc., Carbondale, IL, USA) three animals composing the marked group (aged 2—-6
year, weighing 27-34 kg) were captured employing the “fast-setting net” method [27].
They were anesthetized with a mixture of intramuscular xylazine hydrochloride (Rompun/
Bayer—Sdo Paulo, Brazil; 1 mg/kg) and ketamine (Dopalen/Agribrands—Paulinia, Brazil;
5 mg/kg). The aleatory group consisted of Pampas deer stags randomly found along the
roads in the ENP, which facilitated observation and fecal collection. External characteristics
(i.e., antler features, pelage color and different body signs or marks) of all aleatory
individuals collected were recorded to reduce the possibility of pseudo-replication of
samples in the same month. Additionally, different areas were previously defined for
visitation during the collection period of each month, ensuring no replicability.
Experimental protocols for this study were approved by the Brazilian Institute of Forestry
Development (IBAMA, license no. 055/2000).

2.3. Sample collection and observational data

From October 2000 to September 2001, fecal samples were collected monthly from
both groups. The three marked deer were tracked using telemetry, while the aleatory stags
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were encountered beside the roads during daily excursions in ENP. After the initial siting,
males were followed until they defecated. Each sample, recovered within 15 min of
voiding, was placed in individually labelled plastic bags. Fecal samples were placed on ice
until they could be frozen (—20 °C), which was done within 4 h of collection. All fecal
samples were stored at —20 °C until steroid analysis was performed.

Information about reproductive behavior, antler cycle and the group size were
recorded when the observer was waiting for males to defecate. Antler status was divided
into three categories: cast, velvet and hard antler. In this study, the appearance of any
activity of the monitored stags, e.g., chasing hinds, flehmen, anogenital and urine sniffing,
gland marking (forehead and antler rub), herding hinds, fighting, mounting and
copulating, was considered a reproductive behavior. Animals were considered to belong
to the same group when they remained within of 100 m of each other and showed a
tendency to travel in the same direction [28]. Single individuals were also included in our
analysis.

The visits to ENP for behavior observation and sample collection were concen-
trated between days 10 and 20 of each month, with a total of 21 and 193 fecal samples
from the marked deer and the aleatory group, respectively. The aleatory group consisted
of predominantly adult males with three-pronged antlers (89.1%), with the rest being
young males with two-pronged antlers. Unfortunately, we had losses in the marked group
during the year. The radiocollar of one male (Male “A”, 5-year-old) malfunctioned and
the signal was lost after January 2001. Nevertheless, this male was occasionally found
during daily excursions in ENP and samples were collected twice (February and August
2001) after the radiocollar failed. Another adult marked deer (Male “C”’, 6-year-old) was
found dead in February 2001; it had been attacked and killed by a cougar (Puma
concolor).

2.4. Fecal steroid extraction and enzyme immunoassay

Fecal samples (total amount collected) were lyophilized for 24 h (Model LGAO0S, MLW,
Leipzig, Germany). Dried feces were pulverized in the blender and all solid inert materials
(e.g., seeds and rough dietary fiber) were removed. Steroids were extracted from feces
according to a modification of the method described by Palme et al. [29]. A proportion of
the resulting powder (0.50 4 0.02 g) was weighed and extracted with 5 mL of 80%
methanol. After vortexing for 30 s at high speed, the sample was shaken for 12h on a
mechanical shaker. After centrifugation (700 x g 15 min, 4 °C), the supernatant was
decanted into a clean tube. An aliquot of the supernatant (100 pL) was diluted 1:16 with
assay buffer (20 mmol trishydroxyaminomethan, 0.3 mol NaCl, 0.1% bovine serum
albumin and 0.1% Tween 80; pH adjusted to 7.5 with 1 mol HCI) for EIA analysis
(Multiskan MS, Labsystem, Helsinki, Finland). A total of 15 ng of testosterone (standard
testosterone 10ng/mL, ETIA DSL-10-4000, Diagnostic Systems Laboratories Inc., Webster,
IA, USA) was added to fecal samples before extraction to monitor recovery. Extraction
efficiency was 92.9 + 11.8% (n =5).

Testosterone concentrations were measured in duplicate 50 L aliquots of fecal extracts
using a commercial Testosterone Enzyme Immunoassay kit (EIA DSL-10-4000,
Diagonstic Systems Laboratories Inc., Webster, 1A, USA). The antiserum had the
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following cross-reactivities (provided by the company): 100% testosterone, 6.6% So-
dihydrotestosterone, 2.2% 5-androstane-33,17B-diol, 1.8% 11-oxotestosterone, 0.9%
androstenedione, 0.6% 5B-dihydrotestosterone, 0.5% 5p-androstane-3(3,173-diol, 0.4%
estradiol-17 and 0.2% 5a-androstano-3a-ol-17-one. The testosterone assay was validated
for fecal extracts from Pampas deer stags by demonstrating: (1) parallelism between serial
dilutions of fecal extracts (1:2-1:64) and the standard curve (0.1-25 ng/mL); and (2)
significant recovery of exogenous testosterone (0.1-10 ng/mL) added to fecal extracts
(v =0.74x + 35.7; ¥* = 0.97). Assay sensitivity was 0.04 ng/mL, and the intra- and inter-
assay coefficients of variation for Pampas deer control samples were 10.8 and 16.8%,
respectively. To assess the physiological relevance of immunoreactive fecal testosterone,
samples were collected from free-ranging animals, which were divided in three groups:
adult males with sexual activity (i.e., males presenting intensive behaviors such as chasing
hinds, gland marking and copulating; n = 5); adult females (n = 3); and young males (about
1-year-old; n=15). The concentrations of these three groups were 343.9 & 211.4 ng/g,
47 £ 22.9 ng/ g and 34.1 + 8.6 ng/g (the adult males were higher (P < 0.05) than the other
two groups. All fecal data are expressed on a dry-weight basis.

2.5. Statistical analysis

Testosterone concentrations in feces are presented as mean =+ standard deviation (S.D.).
Differences among monthly testosterone concentrations and among fecal steroid
concentrations in different group size were determined by a Kruskal-Wallis test, followed
by a Wilcoxon test. The percentage of males showing reproductive behavior per month was
calculated and the differences among months were determined by a x*-test. Group size data
are presented as mean £ S.D. per month and differences among months were calculated by
a Kruskal-Wallis test, followed by a Wilcoxon test. The percentage of mixed-sex groups
per month was also calculated. Pearson correlation coefficients were determined between
fecal testosterone and reproductive behavior, and between fecal testosterone and antler
status. A difference of P < 0.05 was taken as significant for all statistical tests, which were
performed using SAS System for Windows 6.12 (SAS Institute Incorporation, Cary, NC,
USA).

3. Results
3.1. Monthly changes in antler cycle, group size and reproductive behavior

The antler cycle of males in the aleatory group is shown in Fig. 1(b). Almost all Pampas
deer stags in this group exhibited hard antlers from October 2000 to February 2001, with
the exception of three animals with deformed antlers covered with velvet. Antler casting
occurred from March to May and antlers in velvet started appearing in April, with maximal
frequency during June and July (100 and 93%, respectively). Velvet shedding was observed
in August 2001, whereas the majority (95%) of males observed in September were in hard
antler. In the marked group, Male “C’’ had hard antler until its death in February (Fig. 2),
while Male “A” was in hard antler from October to February (its last appearance in this
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Fig. 1. (a) Hours of daylight (—) and precipitation (.. .) at the study area; (b) monthly percentage of animals in
each antler category; (c) monthly mean (£ S.D.) of fecal testosterone concentrations (asterisks indicate significant
differences); (d) monthly percentage of animals with reproductive behavior and (e) Percentage of mixed groups
(bars) and monthly mean (£ S.D.) of group size (<) from Pampas deer stags of the aleatory group sampled from
October 2000 to September 2001 in Emas National Park. Number of samples are indicated in parentheses.



R.J.G. Pereira et al./Theriogenology 63 (2005) 2113-2125 2119

250 — .8
Male A l l
4
o 200 4 |
© L6
L=
[
— L5 @
S 150 4 o N
e i @
o L4 o
w p=
2 100 £ .ag
2 (]
-3
eﬁ 50 -+
t ¢ _ L1
0 + . H t t t + ; ﬂ t 0
J F M A M J J A s
Month
250 o8
Male B
o 200 1
o
=
g 1501 I o B B
o : : : @
2 L4 o
w 3
2 100 1 s &
@
2
| 2
%] 50 1
L1
0 0
250 — Male C l -8
—_ F7
o
> 200 + ©
E L6
4]
c
2 1504 L5 @
2 B
5 L 4 g_
%] o
100 +
2 R
|2
50 4+
T L1
0 + 4 + 4 4 + t 4 0

Month

Fig. 2. Changes in antler cycle, group size, reproductive behavior and fecal testosterone concentrations of the
three marked Pampas deer monitored from October 2000 to September 2001 in Emas National Park. Displaying of
reproductive behavior (e.g., chasing hinds, flehmen, anogenital and urine sniffing, gland marking, herding hinds,
fighting, mounting and copulating) is indicated with closed arrows (|). (1) Indicates the malfunction resulting in
signal lost from radiocollar of Male “A’ and (}) indicates the death of Male “C” (due to predation).
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stage) and shedded velvet in August. Male “B” exhibited hard antlers from October to
March, the old set of antlers were cast in April, with the development of new antlers from
May to August, and velvet stripped by September.

The percentage of males in the aleatory group displaying reproductive behavior were
different (P < 0.05) among months, with two major peaks, one in December—January
(summer) and other in July—September (winter/spring; Fig. 1(d)). Anogenital sniffing,
urine sniffing, flehmen, chasing, fighting and mounting were the prevailing behaviors
during the first increase of reproductive activity, whereas gland marking was the most
frequently observed behavior in the second peak. There were no observations of
reproductive behavior from males collected in November, February and April-June, but
sexual activity was noticed in <10% of the stags sampled in October and March. Data on
reproductive behavior in the marked Pampas deer are shown in Fig. 2. Male “A” exhibited
behaviors such as chasing hinds, flehmen and gland marking in February, and only gland
marking behavior during August. Anogenital sniffing, urine sniffing and flehmen were
recorded in January for Male “C” and no reproductive behavior was observed for Male
“B” during the monitoring period.

The greater number of animals in the aleatory group was found isolated or in groups of
two or three individuals (77.5%), with maximum group size of nine. Mean group size (Fig.
1(e)) was highest in September (4.20 &= 2.62 animals/group), with lowest means
(P < 0.05) in October, November, January and February (mean range, 1.7-2.7 animals/
group). The largest group size observed in all marked deer throughout the year was seven
individuals (Fig. 2). The percentages of mixed-sex groups were higher during December,
June and July (60, 82.3 and 64.2%, respectively), with minimum values in October (23.1%)
and February (21.4%; Fig. 1(e)).

3.2. Fecal testosterone concentrations and their correlations to other parameters

For mean monthly fecal testosterone concentrations in aleatory stags, there were
significant differences among sampling months (Fig. 1(c)). During early summer,
testosterone concentrations increased to reach maximum concentrations (P < 0.05) in
January (137.01 £ 95.39 ng/g). Thereafter, testosterone concentrations declined in
February (60.94 £48.30 ng/g) and increased sharply in March (early autumn,
109.94 + 68.05 ng/g; P < 0.05). Fecal testosterone values were uniformly low between
mid-autumn and mid-winter (April-July; mean range 48.36— 54.9 ng/ g), but peaked again
in August and September (mean range 100.98-123.01 ng/g; P < 0.05). In the marked
group, Male “A” presented its highest fecal testosterone concentration during August
(202.16 ng/g), whereas Males “B” and “C” reached a peak in January (94.56 and
209.92 ng/g, respectively; Fig. 2).

Differences in fecal testosterone concentrations among Pampas deer stags from varied
group size were not significant (Table 1). There were significant correlations between fecal
testosterone concentrations and the frequency of reproductive behaviors (r=0.490,
P < 0.05), and between fecal testosterone and antler status (r = 0.239, P < 0.05). Stags in
hard antler had higher concentrations of fecal testosterone (101.86 + 82.86 ng/g)
(P < 0.05) when compared to males in antler casting or antlers in velvet (mean range
47.19-58.30 ng/g).
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Table 1

Mean £ S.D. of fecal testosterone concentrations of Pampas deer stags from different group size

Group size Fecal testosterone (ng/g dry feces)
1 Individual 94.05 + 86.86 (49)

2 Individuals 68.25 £+ 45.35 (48)

> 3 Individuals 83.84 + 66.86 (96)

No significant differences. Values in parentheses represent numbers of samples analysed.

4. Discussion

The present study provided the first seasonal evaluation employing non-invasive
techniques to monitor testicular steroidogenic activity in Pampas deer. Testosterone
concentrations were measured in fecal samples using a simple extraction method and a
commercial enzyme immunoassay. Our first objective was to validate a practical and
appropriate procedure of monitoring fecal testosterone in Pampas deer stags. Therefore,
EIA methodology was employed because such a system can be more economical and
require less sophisticated laboratory equipment than RIA analysis. The results confirmed
that this endocrine approach was applicable for Pampas deer, since fecal testosterone
quantified by EIA were consistent with physiologic state (comparing adult males to
immature males and females), and there was good correlation with reproductive behaviors.

Seasonal concentrations of fecal testosterone in Pampas deer showed two major peaks in
the aleatory group, and only one peak in the single marked deer (Male ““A”) monitored
throughout the year. Furthermore, high concentrations of fecal testosterone were found in
adult Males “C” and “A” at similar periods (summer and winter to spring, respectively),
regardless of the absence of their hormonal data in the remainder of the year. Annual
biphasic elevation in testosterone concentration has been recorded regularly in males of roe
deer and pudu [30-33], whereas a temporary spring increase in testosterone concentrations
was occasionally observed in columbian black-tailed deer, red deer and fallow deer [34—
36]. In the former cases, roe deer and pudu, one testosterone peak was related to rutting
season, while the second increase was associated to the velvet shedding period
[30,32,37,38]. The results reported here, although inconclusive, are similar to these
findings, since stags had peak fecal testosterone concentrations during summer—autumn,
considered the major rutting season for Pampas deer in Brazil and during winter—spring, a
period of antler mineralization and velvet shedding [7,10,28]. Regarding the biannual
activation of the reproductive system, it has been speculated that this model of secretion is a
relic of the original reproductive pattern of earlier cervids, which developed in the
semitropical regions [32]. This hypothesis could explain why males of some cervid species
living in tropical and subtropical areas, including Pampas deer, have well-defined and
synchronous antler cycle, even though sexual activity may happen throughout the year.

Another important aspect associated with testosterone secretion in cervid species is the
display of sexual behavior. Bubenik et al. [39] stated that in white-tailed deer, maximal
testosterone concentrations were not necessary for the process of spermatogenesis, but
were essential for manifestation of reproductive behavior. Conversely, sexual and
aggressive behaviors in Eld’s deer bucks were highest when testosterone concentrations
and testis size started declining [40]. In Pampas deer, maximal percentages of reproductive
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behavior occurred concurrent with fecal testosterone peaks, supporting the concept that
androgens are critical for these behaviors. Furthermore, there was a significant correlation
between fecal testosterone and sexual behaviors in the present study. However, it remains
unclear if the high frequency of gland marking behavior recorded in August—September is
more related to the cleaning of antler velvet or to sexual activity. Interestingly, Li et al. [24]
noted that in Pere David’s deer, some reproductive behaviors (e.g., anogenital and urine
sniffing, chasing stags, herding hinds, antler adorning, mounting and copulating) were
highly correlated with fecal testosterone, although there were no significant correlations
between fecal testosterone concentrations and other recorded behaviors such as fighting,
flehmen, preorbital gland marking and chasing hinds.

The annual mean group size in the present study (2.74 individuals/group) was consistent
with the mean values obtained in Argentina and Uruguay, which oscillated from 1.7 to 3.1
animals/group throughout the year [6]. These findings were in contrast to the assertion that
most cervid species living in open habitats establish larger groups than those living in
closed habitats [1,41]. Netto et al. [28] suggested that the low gregariousness described in
Pampas deer may be related to group instability and low population density, characteristics
also observed in this study and the study by Jackson and Langguth [6]. Nevertheless, our
results demonstrated no significant differences in fecal testosterone concentrations among
males from groups of varying sizes, contradicting the belief that the increase of male
grouping in free-ranging Pampas deer may be influenced by low concentrations of
testosterone [28]. In this species, food distribution and availability appear to be more
important elements associated with grouping patterns, since larger aggregations were
found on common feeding grounds such as burnt patches, both in the present study and as
previously reported [6].

The antler cycle reported here was consistent with previous studies of Pampas deer in
Brazil [10,28] and corresponded to seasonal testosterone variations similar to that
described for other tropical and temperate species [32,37,38,40]. Moreover, the antler cycle
of males was synchronous, contesting the assertion that this species does not have a
synchronized antler cycle [7]. Other tropical species, such as rusa deer, Reeves’ muntjac,
Eld’s deer and pudu also exhibited highly synchronous antler growth among adult bucks
[32,40,42,43]. Conversely, Loudon and Curlewis [44] reported poor synchronization of the
antler cycle among male chital deer; they inferred that photoperiod may not be involved in
controlling the antler cycle in this tropical species. However, it should be mentioned that
these tropical species were mostly studied in temperate or boreal latitudes and therefore,
the results might not represent their seasonality and synchrony in their original habitat.

In seasonally breeding deer from temperate regions, changes in antler and reproductive
cycles are determined by fluctuations in the photoperiod [1,2]. In contrast, it is widely
accepted that reproductive activity in tropical deer may be not photoperiodically
dependent, but more influenced by local climatic factors such as annual rainfall patterns
[40,45,46]. In Pampas deer, there was an apparent synchrony in antler cycle, reproductive
behavior and testosterone secretion among free-ranging stags, suggesting a degree of
seasonality in this tropical species. Nevertheless, it remains unclear whether the
photoperiod is a major environmental factor modulating testicular and antler cycles in
Pampas deer, since captive individuals maintained in temperate latitudes presented no fixed
rutting season [9]. Furthermore, in Emas National Park, Ozotoceros is not exposed to
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extensive variation in photoperiod (maximal difference of 1.76 h of daylight), but
undergoes a great change in precipitation (mean range 17.5-238.3 mm; Fig. 1(a)). Monfort
et al. [40] suggested that Eld’s deer may be responsive to low-photoperiod oscillations and
that they differ from tempertade cervids only by responding 6 months out-of-phase to the
same photoperiodic cues. Thus, further data are necessary to better understand the effects
of photoperiod and rainfall patterns on reproduction of Pampas deer.
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