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Serum hormone levels were compared between captive and free-living maned wolves and seasonal variations of sex hormones
were studied. Blood samples were collected from 16 male and 26 female adult animals from Brazilian zoos, and from 30 male
and 24 female free-living adults to determine serum progesterone and testosterone by radioimmunoassay. Serum testosterone
concentrations varied (P < 0.05) across seasons for 16 captive males, being higher in autumn (2184.7 ± 355.1 pg/mL) than in
summer (1080.7 ± 205.4 pg/mL), winter (1270.1 ± 276.6 pg/mL) and spring (963.9 ± 248.1 pg/mL), although they did not differ
between summer, winter and spring. Testosterone concentration of 30 free-living males differed (P < 0.05) between autumn
(824.1 ± 512.2 pg/mL), winter (14.4 ± 8.0 pg/mL) and spring (151.9 ± 90.5 pg/mL). Comparison between captive and free-living
animals showed no difference in autumn (P > 0.05). Sixteen captive males showed higher testosterone concentration during
winter and spring compared with 30 free-living animals (P < 0.05). Progesterone concentration varied among seasons in 26
captive females (P < 0.05), being higher in autumn (15.3 ± 3.1 ng/mL) than in summer (6.6 ± 1.5 ng/mL), winter (5.3 ± 3.1 ng/mL)
and spring (4.3 ± 0.7 ng/mL). Progesterone concentration of 24 free-living females varied between autumn (17.1 ± 6.0 ng/mL)
and winter (1.7 ± 0.3 ng/mL) (P < 0.05), but we could not obtain data for spring or summer. No difference in progesterone levels
was observed between captive and free-living females in autumn and winter.
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The maned wolf Chrysocyon brachyurus is the largest
canid (20-25 kg) and one of the most typical species
present in the grassland areas of the Brazilian Central
Highlands (1). The most significant threat to maned wolf
populations is the drastic reduction of their habitat, espe-

cially due to conversion to agricultural land (2). Efforts for
conservation of maned wolves have resulted in the estab-
lishment of an international management plan for the de-
velopment of policies to optimize captivity management
(3). Captive-breeding programs may be useful for main-
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taining a population insuring against extinction. It is pos-
sible to increase the reproductive potential of the species
through assisted reproductive techniques such as artificial
insemination, in vitro fertilization, intracytoplasmic sperm
injection, and embryo transfer, as demonstrated for other
carnivore species (4). These techniques can also contri-
bute to preserving wild species by the construction of a
biological bank-containing gametes, tissues and DNA (5).
Finally, assisted reproductive techniques can contribute to
the establishment of gene flow between free-living and
captive populations, contributing to the maintenance of
adequate genetic heterozygosity (6). Fundamental knowl-
edge of basic reproductive physiology is essential to plan
and implement genome resource banking strategies that
should be used in conjunction with studies on assisted
reproductive techniques (7). Basic information on the re-
productive-endocrine function of captive maned wolves in
the Northern Hemisphere has been reported (8). However,
the reproductive-endocrine characteristics of South Ameri-
can captive populations are unknown and there is no
information on the reproductive endocrine function of free-
living maned wolf populations. Thus, our objective was to
study the influence of seasonality on gonadal functions of
captive maned wolves in Brazil and to compare their levels
of reproductive hormones to those of free-living maned
wolves.

Blood samples were collected from 42 captive adult
maned wolves (16 males and 26 females) from Brazilian
zoos (Parque Natural da Companhia Brasileira de Metalur-
gia de Mineração, Araxá, MG, N = 8; Fundação Zoobotânica
de Belo Horizonte, Belo Horizonte, MG, N = 9; Zoológico
Municipal de Curitiba, Curitiba, PR, N = 5; Parque Zoológico
Quinzinho de Barros, Sorocaba, SP, N = 6; Zoológico de
Brasília, Brasília, DF, N = 4; Fundação Rio-Zôo, Rio de
Janeiro, RJ, N = 4; Zoológico Municipal de Guarulhos,
Guarulhos, SP, N = 2; Zoológico Municipal de Americana,
Americana, SP, N = 4). Animals were housed in pairs and
fed a fruit-meat-based diet and dog food. Water was pro-
vided ad libitum. Samples were collected between June
1995 and January 1998. Samples were collected every 30
days from 16 adults between March 1996 and March 1997.
Additional samples were collected opportunistically. The
other 26 adults were bled on the day of vaccination against
infectious diseases and 30 days post-vaccination, with
additional samples being collected opportunistically every
30, 60, or 90 days. In general, for captive animals, the time
elapsed from chemical restraint to blood sample collection
was 3-7 min. Blood samples were also collected from 54
free-ranging adult maned wolves (30 males and 24 fe-
males) from Estação Ecológica de Jataí (21°33’S and
47°45’W) and Parque Nacional das Emas (18°19’S and

52°45’W). The wolves were captured using a box-trap
baited with live chickens. All free-living animals were cap-
tured in accordance with legal requirements. We were not
able to determine the time elapsed between capture and
blood collection for free-living animals. Samples were col-
lected via a cephalic or saphenous vein using physical or
chemical restraint (tiletamine-zolazepam, 5-10 mg/kg,
Zoletil 50®, Virbac do Brazil, São Paulo, SP, Brazil). Clot-
ted blood samples were centrifuged and the sera sepa-
rated and frozen within 2 h of collection. Sera were heated
at 56°C for 30 min and stored frozen (-20°C) until the time
for detection of serum progesterone and testosterone by
radioimmunoassay. Assays were performed in duplicate
using a solid-phase 125I kit (Diagnostic Products Corpora-
tion, Los Angeles, CA, USA) specific for each hormone
and routinely used for domestic dogs. The sensitivity of the
assay was 0.004 ng/mL for progesterone and 8.0 pg/mL
for testosterone. The intra- and inter-assay coefficients of
variation were <10%. Data are reported as means ± SEM.
To assess seasonality, data were averaged by season
(summer: December-February, autumn: March-May, win-
ter: June-August, and spring: September-November) and
differences determined by ANOVA followed by Dunn’s
multiple comparison test. Samples from free-living animals
were averaged by season as described above and com-
parisons between seasons were performed by Kruskal-
Wallis one-way ANOVA on ranks. It is important to point out
that summer was not represented for free-living males and
summer and spring were represented in only one sample for
females and therefore were not available for this analysis.
When appropriate, comparisons of samples from captive
and free-living populations obtained during the same sea-
son were performed using the Mann-Whitney rank test.

Mean ± SEM serum testosterone concentration varied
across seasons (P < 0.05) for captive males. Testosterone
concentrations were higher in autumn (2184.7 ± 355.1 pg/
mL; range: 104.1-4166.6 pg/mL; N = 19) than in summer
(1080.7 ± 205.4 pg/mL; range: 129.9-3136.8 pg/mL; N =
27), winter (1270.1 ± 276.6 pg/mL; range: 21.4-4078.3 pg/
mL; N = 28) and spring (963.9 ± 248.1 pg/mL; range: 18.7-
3856.0 pg/mL; N = 29). Comparisons between summer,
winter and spring did not reveal any difference (P > 0.05).
Similarly, we observed a difference (P < 0.05) between
autumn (824.1 ± 512.2 pg/mL; range: 8.4-3515.9 pg/mL; N
= 7), winter (14.4 ± 8.0 pg/mL; range: 0.8-102.9 pg/mL; N
= 13) and spring (151.9 ± 90.5 pg/mL; range: 1.4-889.1 pg/
mL; N = 10) for testosterone concentration in free-living
male maned wolves (Figure 1). Unfortunately, we could
not capture and collect samples from free-living male
maned wolves during summer. There was no difference in
autumn values between captive and free-living maned
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wolves (P > 0.05), but captive males showed higher (P <
0.05) testosterone concentrations during winter and spring
compared with free-living animals. Progesterone levels
varied among seasons in captive female maned wolves.
Levels were higher in autumn (15.3 ± 3.1 ng/mL; range:
0.83-51.5 ng/mL; N = 29) than in summer (6.6 ± 1.5 ng/mL;
range: 0.4-40.0 ng/mL; N = 31), winter (5.3 ± 1.0 ng/mL;
range: 0.49-19.6 ng/mL; N = 26) and spring (4.3 ± 0.7 ng/
mL; range: 1.0-16.4 ng/mL; N = 34), but did not differ
between summer, winter and spring (P > 0.05). For free-
living female maned wolves, we obtained only one sample
for summer and one for spring and therefore we could not
compare these seasons with autumn and winter. However,
levels were higher (P < 0.05) in autumn (17.1 ± 6.0 ng/mL;
range: 0.3-40.0 ng/mL; N = 8) than in winter (1.7 ± 0.3 ng/
mL; range: 0.5-4.6 ng/mL; N = 13). Comparisons between
captive and free-living female maned wolves did not show
significant differences (P > 0.05) considering only autumn
and winter (Figure 2).

These are the first hormonal data from free-living maned
wolves. Previous behavioral and ecological studies have
indicated that the free-living maned wolf is a seasonal
breeder with an autumn breeding season (1), as has been
described for the endocrine behavior of captive animals in
both the Southern and Northern Hemispheres (8). Unfortu-
nately, because we were unable to obtain samples from
free-living females during summer and spring, we cannot
draw a conclusion about the ovarian endocrine function of
wild-maned wolves. Probably the failure or the low rate of
capture in the summer and spring is influenced by the
availability of food and maternal care, respectively. Maned
wolves are omnivorous and 60% of their diet is composed
of fruits, with Solanum lypocarpun representing the main
fruit consumed by them (9). This fruit reaches peak pro-
duction during the summer, probably affecting our capture
rate. The peak of births among maned wolves occurs
during the winter (1). Radiotelemetry studies have shown
that during this season the mother reduces her movement
area, probably spending more time with the newborn (1), a
behavior that may have influenced our rate of capture
during the winter. Regarding the limitations of the present
study, free-living maned wolves appear to mate in autumn
and births probably occur during the winter. However, it is
clear that a longitudinal analysis is needed and fecal
hormone analysis can help to better address this question.
The gonadal activity of free-living maned wolves could be
determined by closely monitoring radio-collared individuals.

Regarding the testicular endocrine function, the diffi-
culty in capturing wild wolves did not allow us to obtain
samples from the same animal year-round, thus hamper-
ing a better understanding of the influence of season on

Figure 1.Figure 1.Figure 1.Figure 1.Figure 1. Seasonal variation of testosterone levels in captive
and free-living male maned wolves. *P < 0.05 for comparison
among seasons (ANOVA followed by Dunn’s multiple compari-
son test for captive wolves and Kruskal-Wallis one-way ANOVA
test for free-living wolves). +P < 0.05 for comparison of captive
and free-living animals (Mann-Whitney rank test). We could not
obtain samples from free-living animals in summer.

Figure 2.Figure 2.Figure 2.Figure 2.Figure 2. Seasonal variations of progesterone levels in the cap-
tive and free-living female maned wolf. *P < 0.05 for comparison
among seasons (ANOVA followed by Dunn’s multiple compari-
son test for captive wolves and Kruskal-Wallis one-way ANOVA
test for free-living wolves). We did not include summer and
spring in the analysis of free-living animals.

the reproductive status of free-living male maned wolves.
Captive females showed an autumn breeding season

as described previously (8). Similarly, male captive maned
wolves showed a peak of testosterone production during
autumn, in agreement with data on testis size and sperm
count (Wildt DE, Bush M, Howard J, unpublished results)
previously collected from zoo animals kept in North Ameri-
can Zoos.
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Captive maned wolves presented higher hormone lev-
els than free-living animals during the non-breeding pe-
riod. We may suggest that visual and/or olfactory contact
between captive males and females can stimulate testos-
terone production in the male even during the non-breed-
ing season. Exposure to females has been shown to
increase circulating testosterone in rhesus monkey (10). In
addition, captive maned wolves received a balanced diet
throughout the year, which probably affected serum tes-
tosterone levels (11). The testosterone variation in captive
males followed the pattern described here for progeste-
rone in captive females. Similarly, within season, proges-
terone levels were higher in captive females (P < 0.05)
when comparison was possible. Captive females presented
a wide range of progesterone concentration even during
the non-breeding seasons. In domestic dogs, levels above
2 ng/mL can represent the occurrence of ovulation (12),
with progesterone concentration reaching values above
32 ng/mL in diestrous (13). Previous studies have reported
some births in March, September, November, and Decem-
ber in the Southern Hemisphere (3), a fact that can explain
the range found in the present study.

Differences between captive and free-living males may
be related to the time elapsed between capture/restraint
and sample collection. In captive animals, blood samples

were obtained immediately after restraint while for free-
living animals blood samples were obtained at least 5 h
after capture. Stress hormones are capable of suppress-
ing testosterone concentration in males by acting along
the hypothalamic-pituitary-gonadal axis (14), and the la-
tency for a significant change in cortisol or testosterone
concentration after the onset of stress is about 10 min (15).

 Although samples were collected irregularly from each
animal, combined data demonstrated a seasonal pattern
and permitted a comparison between captive and free-
living animals. Thus, opportunistic blood sample collection
provided valuable information related to the reproductive
status of captive and free-living maned wolves.
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