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Glucocorticoids, a group of adrenal hormones, are secreted in response to
stress. In male primates, variables such as breeding seasonality,
dominance hierarchy stability, and aggressive and affiliative interactions
can affect glucocorticoid levels. In this study, we examined interindivi-
dual differences in mean fecal glucocorticoid (fGC) levels among males in
three groups of wild ring-tailed lemurs to better understand the
physiological costs of group living for males in a female-dominant species
that exhibits strict reproductive seasonality. Fecal and behavioral data
samples were collected during one mating and two postmating seasons
(2001 and 2003). The mean fGC levels were examined in relation to
reproductive season, male rank, number of resident males, intermale and
female–male agonism, and affiliative behavior with females. The mean
fGC levels were not significantly elevated during mating season compared
to the postmating period. During the mating season, male dominance
hierarchies broke down and rank effects could not be tested; however,
there was no relationship between male rank and fGC levels in the
postmating periods. In 2001, males that resided in the group with the
fewest males exhibited lower fGC levels during the postmating period.
They also affiliated more with females than did males in the other groups.
During the mating season of 2003, males engaged in more affiliative
behaviors with females compared to the postmating season, but female–
male agonism did not differ by season. However, rates of intermale
agonism were significantly higher during mating compared to postmating
periods, but such heightened agonism did not translate to a higher stress
response. Thus, neither male–male competition for mates nor heightened
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agonism between males during the breeding season affected male fGC
levels. Fewer males residing in a group, however, did have some effect on
male–female affiliation and male fGC levels outside of the mating period.
Males that live in a group with only a few (two or three) males may
experience less physiological stress than those that live in groups with
more males. Am. J. Primatol. 67:5–23, 2005. r 2005 Wiley-Liss, Inc.

Key words: fecal glucocorticoids; ring-tailed lemurs; males; reproduc-
tive seasonality; stress response

INTRODUCTION

In mammals, the stress response involves the release of adrenal glucocorti-
coids [Abbott et al., 2003; Balm, 1999]. Glucocorticoids function to increase the
availability of glucose in the bloodstream and inhibit insulin from promoting
glucose uptake and glycogen synthesis, and thus make energy reserves available
in times of acute stress [Genuth, 1993; Sapolsky, 1982, 1983, 1992; Muller &
Wrangham, 2004]. The stress response helps an individual adapt to an acute
stressor, and while this is highly adaptive in the short term, the prolonged release
of fecal glucocorticoids (fGCs) can cause numerous very serious negative
physiological effects, including immunosuppression [Abbott et al., 2003; Sapolsky,
1992, 2002; Wingfield & Ramenofsky, 1999].

Thanks to refinements of noninvasive techniques for monitoring hormonal/
behavioral interactions in wild primates [Whitten et al., 1998] over the past
decade, numerous researchers have been able to examine relationships between
social and environmental stressors and fGC levels in a number of naturally-
occurring primate populations. Variables such as age, rank, dominance hierarchy
stability, mating, seasonal reproduction, seasonal resource fluctuation, and
feeding competition have been considered in relation to the stress response in
several strepsirhine and haplorhine primate species, and we now have much
greater insight into hormonal correlates of behavior and the immense variability
that exists between taxa (see references below). In this paper we examine fGC
levels in relation to some life-history and behavioral variables in adult male ring-
tailed lemurs (Lemur catta) over one mating and two postmating seasons at the
Beza Mahafaly Reserve, southwestern Madagascar.

In some seasonally breeding primates, corticoid levels and male mating
behavior have been investigated in species that experience both short- and longer-
term mating seasons. Prebreeding season elevations in cortisol levels have been
noted in male squirrel monkeys and rhesus macaques [Bercovitch, 1992; Schiml
et al., 1996], and elevated male cortisol levels have been associated with
consortships in male Japanese macaques and tufted capuchins [Barrett et al.,
2002; Lynch et al., 2002]. In muriquis, Strier et al. [1999, 2003] found that fGC
levels were significantly higher in adult males after they completed their first
copulation, and high levels were sustained just after they reached their peak in
sexual activity.

In nonbreeding contexts, patterns of male glucocorticoid excretion vary
across taxa in relation to rank, stability of the male dominance hierarchy, age,
and seasonal access to food resources. In early studies of the stress response in
rodents and primates, it was assumed that low rank correlated with high stress
levels and accompanying high corticoid concentrations [Bronson & Eleftheriou,
1964; Louch & Higginbotham, 1967; Manogue, 1975; see review by Creel, 2001];
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however, recent research across taxa has revealed that low rank and high
corticoid levels are not necessarily linked, and in fact great variability exists. For
example, while no correlation between these two variables has been found in
tufted capuchins [Lynch et al., 2002], mountain gorillas [Robbins & Czekala,
1997], or long-tailed macaques [van Schaik et al., 1991], in other species dominant
individuals have exhibited consistently higher corticoid levels compared to lower-
ranking conspecifics [reviewed in Abbott et al., 2003].

Sapolsky [1983, 1989] argued that in groups with stable dominance
hierarchies, high rank should be less stressful because of the predictability of
the situation and the fact that the high-ranking animal has social control. This in
turn should lead to overall lower corticoid concentrations. However, in species or
groups in which an unstable dominance hierarchy exists, the position of high-
ranking individuals could be threatened at any time, and thus corticoid levels in
dominant individuals should be higher. In fact, this was found to be the case in
wild savannah baboon groups [Sapolsky, 1983, 1989]. Muller and Wrangham
[2004] argued that social dominance can result in physiological stress in species in
which the dominant animal(s) exhibit high degrees of agonism, because of higher
metabolic demands related to greater energy expenditure. Furthermore, they
pointed out that increased levels of cortisol in high-ranking males could incur a
cost to them in terms of reproductive benefits.

Adult male ring-tailed lemurs experience a number of the above-mentioned
social and environmental variables. For example, the short mating season in this
species occurs over a 3–4-week period annually, and each female is receptive for
only 6–24 hr each year [Jolly, 1966; Sauther, 1991; van Horn & Resko, 1977]. The
male dominance hierarchy that exists before the onset of mating breaks down
during the mating season [Budnitz & Dainis, 1975; Gould, 1994; Jolly, 1966;
Sauther, 1991; Sussman, 1991], and males engage in extreme physical combat
over access to these briefly receptive females, often seriously wounding one
another [Gould, 1994; Jolly, 1966; Sauther, 1991]. Rates of intermale agonism are
higher at this time that at any other time during the annual cycle [Gould, 1994,
1997] (this study). At times, the highest-ranking male in the normal (premating
season) male dominance hierarchy is able to sequester an estrous female and
mate exclusively with her [Gould, 1994; Sauther, 1991] (Gould, personal
observation). At other times, all males in the group (as well as extragroup males)
will attempt to mate with a receptive female, sometimes attacking and pushing
the mating male off of the female in order to mount.

Outside of the mating season, the male dominance hierarchy can also be
unstable, and dyadic dominance relationships can sometimes be nontransitive
[Gould, 1994, 1997; Sussman, 1992; Sauther & Gould, 2003; Sauther et al., 1999];
thus the position of highest-ranking male in a group can be precarious at virtually
any time of the year.

Adult males also experience feeding and social dominance by adult females,
and female–male agonism occurs daily [Gould, 1994, 1996; Jolly, 1966, 1984;
Sauther, 1991; Sauther et al., 1999; Sussman, 1991, 1992]. Such agonism can be
mild, such as low-level displacements from food resources, or more severe, such as
chasing, cuffing, and pushing from trees. True female dominance is rare in
mammals, and is suggested to have evolved in ring-tailed lemurs as a female
strategy to minimize feeding competition from males in a situation where strict
reproductive synchrony (birth and lactation) is tied to highly seasonal food
resource availability [Jolly, 1984; Sauther, 1993, 1998].

Higher-ranking (central) males tend to engage in higher rates of social
behavior with females than do lower-ranking or new immigrant (peripheral)
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males [Gould, 1994, 1996; Sauther, 1992]. Such affiliation results in numerous
benefits to males, such as greater predator protection, more grooming partners,
greater ectoparasite control, and enhanced opportunity for thermoregulation
during the cold season [Gould, 1996, 1997, 1999]; however, increased affiliation
with females can also incur a cost to males because more contact time with
females can result in higher levels of female–male aggression [Gould, 1996].

The number of resident males in a group can also be important with respect
to stress levels. Ridley [1986] noted that in species with short mating seasons, one
male cannot monopolize all females, and thus there is no benefit in excluding
other males from living in a group. However, fewer males residing in a group may
be less costly in terms of male mate competition during the short breeding period,
and fewer males may also mean more opportunity to affiliate with females and
thus experience the above-mentioned benefits [Gould, 1994, 1996; Sauther &
Gould, 2003]. Conversely, smaller-bodied, sexually monomorphic primates (e.g.,
Lemur catta, with a mean weight of 2.2 kg) [Sussman, 1991] are vulnerable to
predation [Gould, 1996; Sauther, 1989, 2002]. Therefore, there should be a
balance between intergroup male mating competition and the critical number of
resident animals needed to provide predator protection.

Considering the above-mentioned variables and conditions experienced by
adult male ring-tailed lemurs, we explored the following questions:

1. Given the brevity of the annual mating season (3–4 weeks) and the
extreme intermale competition over access to receptive females during this time,
are there differences in the mean fGC levels of males between the mating and
postmating periods?

2. Are there rank-related differences in mean fGC levels in adult males, and
do the higher-ranking ‘‘central males’’ that affiliate more with adult females
exhibit lower fGC levels than males on the periphery of the group?

3. Since fewer males in a group means less mating competition, less intermale
feeding competition, and possibly more opportunities to affiliate with females,
which can lead to a number of benefits (mentioned above), does the number of
males in a group have any relation to the mean fGC levels?

4. Is there any relationship between the number of resident males in a group,
affiliation rates with females both during and after the mating period, and
female–male agonism in either period?

To answer these questions, we measured fGC levels in dried fecal samples
collected from wild adult male Lemur catta in Madagascar. Cavigelli [1999]
compared Lemur catta individual fGC measures to serum cortisol levels, and
found that fecal and serum levels were significantly correlated. This supports the
validity of extracting fGCs as a method for assessing physiological stress in this
species. To answer the affiliative/agonistic behavior questions, we compared rates
of affiliative behavior between males and females, and rates of female–male
agonism during and after the mating season.

MATERIALS AND METHODS

Study Animals and Research Site

All adult males in three groups of ring-tailed lemurs that resided within the
Beza Mahafaly Reserve were studied in June–July of 2001 (postmating season)
and late April–June 2003 (mating and postmating). Mating season in 2003
occurred from 1–20 May. There were nine to 11 groups of Lemur catta living in
the reserve [Gould et al., 2003; Sussman, 1991]. Beza Mahafaly Special Reserve is
situated in southwestern Madagascar, 231 300 S. latitude and 440 E. longitude.
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Parcel 1 of this reserve, where the study was conducted, consists of 80 ha of mixed
vegetation: riverine forest in the eastern part of the reserve, near the Sakamena
River, and more xerophytic forest toward the western boundary [Sussman &
Rakotozafy, 1994]. The three study groups’ home ranges were located in the
eastern riverine forest part of the reserve. In 2001 there were 12 focal males, and
in 2003 there were 14 males.

The adult group compositions for the two field seasons are presented in
Table I. In Tables II and III the males’ ID and their rank and age for each field
season are presented.

None of the five males residing in Red group in 2001 were still members of
the same group in 2003. Only one, an old male, remained in the reserve
population, and he was found in Green group. Of the four Green group males in
2001, one was still living in the group in 2003, and one, a natal male, had
immigrated to Lavender group by 2003. Of the three males found in Lavender
group in 2001, one had immigrated to Green group; one, a natal male, had
immigrated to another group within the reserve boundaries; and the third was
not seen. The remainder of the 2003 males had immigrated into these groups
from groups either within or outside the reserve.

TABLE I. Adult Group Composition in 2001 and 2003

Group Adult males Adult females

2001
Red group 5 4
Green group 4 5
Lavender group 3 4

2003
Red group 4 4
Green group 6 6
Lavender group4 (though one male was absent much of the mating season) 4

TABLE II. Focal Male ID, Rank, and Age Class for 2001 Season

Male ID Rank Age-class

Red group
r 1 (but subordinate to D) Young prime
w 2 Young prime
x 3 Prime-old prime
e 4 Old
d 5 (but dominant to R) Old

Green group
g 1 Young prime
l 2 Young prime
y 3 Prime
f 4 Young natal male

Lavender group
m 1 Unknown (unable to capture)
n 2 Young natal male
o 3 Prime
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All males were fitted with collars and identification tags before data collection
began. The focal males were immobilized by means of a Telinject blowpipe and
tranquilized with .25–.30 cc. of Tiletamine (Telazol). While the animals were
immobilized, a dental examination was conducted, and the relative age class of
each focal male was determined according to a set of dental-wear criteria
developed by Sauther et al. [2002]. The age classes used in this study were ‘‘young
adult,’’ ‘‘prime-aged,’’ and ‘‘old.’’

The characteristics of Lemur catta, which have been discussed elsewhere
[Jolly, 1966; 1984; Sauther et al., 1999; Sussman, 1977] and are important factors
in the present study include female philopatry, marked female dominance in all
feeding and social contexts, a short and discrete mating period of 3–4 weeks, and
severe male–male competition over access to females during the mating period.

Behavioral Data

In the immediate postmating period of 2001 (beginning of June to mid-July),
349 continuous-time, focal-animal sessions [Altmann, 1974] of 15-min duration
were conducted on all males (n=12) that resided in three Lemur catta groups in
the eastern part of the reserve by L.G. and one research assistant. A total of 21–37
sessions were conducted for each focal animal (mean=29 sessions), and 530
sessions of the same duration were conducted in 2003 by L.G. and two assistants:
279 during the mating season (May 1–20) and 251 during postmating period (late
May through early July). During the mating season 17 to 24 focal sessions were
conducted for each focal male (mean=21 sessions), and during the postmating
season 12 to 32 sessions (mean=18) were conducted. Focal males were
individually identified by their plastic identification tag. Interobserver reliability
in the behavioral data collection was 495%.

TABLE III. Focal Male ID, Rank, and Age Class for 2003 Season (Mating and Post-mating)n

Male ID Rank Age-class

Red group
a 1 Young prime
p 2 Young
l 3 Prime
n 4 Unknown (unable to capture)

Green group
d 1 Old
b 2 Unknown (unable to capture)
e 3 Young prime
g 4 Prime
o 5 Prime
s 6 Young natal male

Lavender group
c 1 Prime
m 2 Unknown (unable to capture)
y 3 Prime
f 4 Young

nBecause intermale dominance hierarchy often breaks down during mating season, pre-mating ranks were used.
These ranks were resumed after mating season had ended.
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All behaviors and interactions with all conspecifics were recorded, and the
start time of each behavior was noted during the focal-animal session. A male’s
rank in the intermale dominance hierarchy in his group was assessed by the
direction of aggressive and submissive gestures, including both severe aggression
(e.g., chasing, cuffing and tail waves/stink fights) and milder agonism (e.g.,
displacements and direction of submissive chattering). During the mating season,
the male dominance hierarchy actually breaks down and lower-ranking males can
dominant higher-ranking ones, so in this species one cannot actually test stable
rank and fGC levels during the brief breeding period. Therefore, we used
premating ranks.

Matings were recorded whenever possible; however, ring-tailed lemurs often
mate at night, and we were only able to observe five of the 14 adult females in the
groups mating.

For each focal male, we divided the total observed number of affiliative
interactions with females and the total observed number of agonistic interactions
with other males in each season (mating/postmating) by the number of focal-
animal sessions conducted on him during those seasons to obtain a rate per
session of affiliative behaviors with adult females and agonistic behaviors with
other males.

Fecal Sample Collection and Analysis

A total of 10 to 12 fecal samples were collected from each focal male during
each research season. During the 2003 mating season, five or six fecal samples
were collected from 13 of the 14 focal males over the 3-week breeding period. For
one male in Lavender group (‘‘m’’), only two fecal samples were collected during
the mating season, as he had temporarily transferred to another group for most of
the mating period and only returned to Lavender group at the end of the mating
season. Therefore, he was not included in the mating-season analyses. During the
postmating season, five or six fecal samples were collected for all 14 focal males.

Fecal samples were collected from focal animals primarily early in the
morning, when the animals descended from the high canopy, or immediately after
the midday rest period (only 19% were collected in the afternoon). No difference
was found between fGC levels collected in the morning or afternoon (t-test,
P=0.58). Within 3 hr of collection, the samples were placed in aluminum foil,
flattened, and dried in a Coleman camp oven at 55–701C (solar and tea candle
heat) for 15 min to half an hour, depending on the amount of sunlight and
ambient temperature, until they were thoroughly dried. The dried samples were
then ground to a fine powder, packaged in an aluminum foil packet, and double
zip-locked, following the protocol described in Whitten et al. [1998] and Brockman
and Whitten [1996] for white sifakas at the same research site. This preparation
method yields interpretable steroid profiles for 3 or more years [Whitten et al.,
1998]. Once the samples were returned from the field, they were sent to the
Wisconsin Primate Center for enzyme immunoassay analysis. The mean fGC
levels (expressed as ng/gm of dried feces) were calculated for each focal male.

In the laboratory, the dried, mixed fecal samples were weighed (0.05–0.25 g,
depending on the available amount) and extracted with 2.5 ml distilled water and
2.5 ml of ethanol according to the methods reported in Strier and Ziegler [1997].
The extracted samples were dried and resuspended in 1 ml 30% methanol for
solid phase extraction. This additional extraction was used to further clean the
sample, which is necessary to obtain parallelism and accuracy for this species.
Solid phase extraction was performed with the use of 60 mg/3 ml polymeric

Glucocorticoid Levels in Male L. catta / 11



sorbent (Strata-X; Phenomenex, Torrance, CA). The procedure followed the
recommended technique enclosed with the column, except that we used a 20%
methanol wash to further purify the steroids. The samples were eluted in 1 ml of
methanol, dried, and resuspended in the same volume of ethanol. The fGC values
were determined by enzyme immunoassay (EIA) [Ziegler et al., 1995]. The
samples were diluted by 25–50 and then added to the assay in 100-ml amounts.
The assay was validated by parallelism and accuracy. No difference was found in
the slope of serially diluted pooled Lemur catta fecal samples and standards over
the range of the curve (t=1.16, P40.05, df=32, n=9). We determined the
accuracy of the assay by adding a standard amount of lemur fecal pool to each
standard curve point (3–1,000 pg). The mean percentage of observed vs. expected
concentration was 125.02% + 3.92%. The intra- and interassay coefficients of
variation for the Lemur catta fecal pool were respectively 2.5 and 17.4 for the low
pool, and 2.7 and 14.8 for the high pool.

Data Analysis

When all focal males were compared together (n=13) in the 2003 sample
to determine whether differences occurred in fGC levels, male–female affilia
tion, and intermale agonism between mating and nonmating periods, paired
t-tests were used. When between-group differences were being tested, non-
parametric analyses of variance (ANOVAs) were used, because the sample sizes
(n=3–6) of each group were too small to satisfy the assumptions of parametric
statistical tests.

RESULTS

fGCs and Mating vs. Postmating Periods, 2003

No significant difference was found in mean fGC levels between mating and
postmating periods for all males in the sample in 2003 (paired t-test, P=0.62,
df=12; Fig. 1).

Number of Males in Group

In 2003, the number of males in the group during the mating season
(Lavender group, n=3; Red group, n=4; Green group, n=6) did not appear to
influence the mean fGC levels (Kruskall-Wallis one-way ANOVA, P=0.83, df=2;
Fig. 2), nor was there a difference during the postmating period, when male ‘‘m,’’
who had been absent for much of the mating season, returned to Lavender group,
increasing the number of males to 4 (Kruskall-Wallis one-way ANOVA, P=0.77,
df=2) in 2003 (Fig. 3).

However, when the males in the three groups in 2001 (postmating period)
were compared, there was a difference (Kruskall-Wallis one-way ANOVA,
P=0.029, df=2; Fig. 4). More specifically, males residing in the group with the
largest number of males (Red group, n=5) exhibited significantly higher mean
fGC levels than males living in Lavender, the group with the just three males
(Mann-Whitney U-test, U=0, P=0.025) and higher levels compared to the four
males in Green group (Mann-Whitney, U=3, P=0.08). There was no difference
in mean fGC levels when Green and Lavender group males were compared
(Mann-Whitney, U=2, P=0.15).

12 / Gould et al.



Male Dominance Rank

In both years of the study, no difference was found in mean fGC levels and
male rank when the top-ranking males of each group (n=3) were compared with
all other males in the groups (Mann-Whitney U-test, P=0.92 in 2001; P=0.75
in 2003; Figs. 3 and 4).

Affiliation and Agonism

In 2001 the three males in Lavender group engaged in affiliative behavior
with females more frequently than did males in the other two groups (Kruskall-
Wallis one-way ANOVA P=0.05, df=2; Fig. 5), and their fGC levels were, on
the whole, lower (Fig. 6). There was no significant difference between the
groups in terms of the frequency of agonism exhibited by females toward males
(Kruskall-Wallis one-way ANOVA P=0.47, df=2). The greatest variability in
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Fig. 1. Comparison of mean fGC levels of focal males in the mating and postmating periods of 2003.
The fGC levels are expressed as nanogram per gram of dried feces, and log-transformed values.
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female–male agonism was found in Red group, the group with the highest number
of males (n=5).

In 2003 males engaged in significantly more affiliative behavior with females
during the mating season compared to the postmating season (paired t-test,
P=0.04, df=12; Fig. 6), but there was no significant difference in female–male
agonism between the mating and postmating periods (paired t-test, P=0.10,
df=12). Furthermore, there was no relationship between female–male agonism
and the number of males in a group in either period (Kruskall-Wallis one-way
ANOVA, P=0.28, df=2 for mating season; P=0.22 for postmating season).

 la
ve

nd
er

 g
rp

.c
1

y2 f3

 r
ed

 g
rp

. a
1

p2 l3 n4

 g
re

en
 g

rp
. d

1

b2 e3 g4 o5 s6

0

1

2

3

focal males
by group
and rank
mating 2003

m
ea

n
 g

lu
co

co
rt

ic
o

id
 le

ve
ls

 n
g

./g
m

 
(l

o
g

 1
0)

an
d

 S
E

 o
f 

th
e 

m
ea

n

Fig. 2. Focal males by group, rank (X-axis), and mean fGC levels (Y-axis) during the mating season
for the three focal groups studied in 2003. Males are organized by highest-ranking male on the left-
hand side of each group, followed by other males in their rank order. Since male dominance
hierarchy breaks down during the mating season, immediate pre- and postmating ranks are used.
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There was a significant difference in male–male agonism when the 2003
mating and postmating periods (paired t-test, P=0.019, df=12; Fig. 7) were
compared, and males living in Green group, the group with the largest number of
males, engaged in significantly more agonism with each other during the mating
season (Kruskall=Wallis one-way ANOVA, P=0.04, df=2). However, no correla-
tion was found between rates of intermale agonism in any group and the mean
fGC levels during the mating period (Spearman’s rho=–.02, P=0.94, n=13).
Furthermore, there was no difference in the rates of intermale agonism and the
number of males in the group during the postmating period (Kruskall-Wallis
one-way ANOVA, P=0.17, df=2).

DISCUSSION

Reproductive Seasonality and Stress Response in Adult Males

One might expect that the mating season situation in Lemur catta would lead
to an increase in the stress response for adult males, considering the high degree
of male–male agonism, the potential for injury, and the scramble to attain mating
success. Yet in this study there was no significant difference in mean fGC levels
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Fig. 3. Focal males by group, rank, and mean fGC levels during the postmating period for the three
focal group studied in 2003. Males are organized by highest-ranking male on the left-hand side of
each group, followed by other males in their rank order.
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between the mating and nonmating periods. This may seem puzzling; however,
Wingfield and Ramenofsky [1999] argued that the notion of ‘‘reproductive stress’’
may be inaccurate because such events occur on a predictable schedule and an
organism will be able to make the necessary physiological preparations. They
added that although events such as reproduction and migration are energetically
demanding, they are not necessarily stressful.

In comparison, Cavigelli [1999], who examined fGC levels in female Lemur
catta during gestation and lactation seasons at the same site, found that although
female fGC levels were higher in late gestation and late dry season (which she
attributed to changes in female physiological state associated with imminent
lactation and elevated feeding effort when food is most scarce), there was no
correlation between female fGC levels and predation threat, food accessibility, or
interfemale feeding agonism during the lactation/infant rearing period, a time
when one might predict that females would be more stressed. She too suggests
that in a situation of regular environmental fluctuation, animals may be able to
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Fig. 4. Focal males by group, rank, and mean fGC levels during the postmating period for the three
focal groups studied in 2001.
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physiologically prepare for such change. Thus, even though Lemur catta of both
sexes experience marked environmental and behavioral/reproductive variability
throughout the year, since it occurs on a very predictable basis, these fluctuations
may not be perceived as stressful events.

However, the number of males residing in a group may, under certain
circumstances, be a factor in male stress levels. In 2001, males that resided in the
group with the highest number of males (red group) exhibited higher fGC levels
than males in the other two study groups. In a group with more males, there can
potentially be higher between-male competition for all desirable resources, such
as food, water, best resting places, and grooming partners, and such competition
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may affect individual stress levels at any time of the year. However, in 2003 the
group with the highest number of males did not exhibit higher mean fGC levels in
the postmating period, and thus factors such as the actual combination of males
in a group and their relationships to each other may result in marked variability
from 1 year to the next.

Rank

Dominance hierarchy stability can play an important role in stress levels.
Sapolsky [1989, 1992] noted that with unstable hierarchies, dominant animals
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exhibit a far higher stress response because their capacity for social control is
threatened. The male dominance hierarchy in ring-tailed lemurs is often
unstable, even outside of the mating season, and both rank reversals and
nontransitive dominance relationships between males are common [Budnitz &
Dainis, 1975; Gould, 1994, 1997; Taylor, 1986]. In 2001, a nontransitive
dominance relationship in Red group, the group with the highest number of
males (n=5) was noted between the top- and bottom-ranking males (r1 and d5).
The lowest-ranking male (d5) was sometimes able to supplant male r1 and elicit
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submissive chatter, yet he was subordinate to the other three males in the group.
However, the males that exhibited the highest fGC levels in that group (ranked
second and fourth, respectively) did not change rank throughout the course of the
study. Nonetheless, the nontransitive dominance relationships in the group may
have been a social stressor experienced by all males, which may explain the higher
overall fGC levels found among the males in Red group. Furthermore, 2 years
later none of these males resided in Red group, so social instability may relate to
both higher stress levels and dispersal. In 2003 none of the males in any of the
three groups exhibited significantly higher fGC levels in relation to each other
in the postmating period.

Affiliation and Aggression: Critical Number of Males

Opportunities for social contact, grooming, and reconciliation have been cited
as extremely important variables in understanding interspecific differences
between primate species and reactions to acute stressors [Abbott et al., 2003].
Adult male ring-tailed lemurs at Beza Mahafaly form affiliative relationships with
both adult females and other adult males outside of the mating season, but these
are usually not long term, and a male may have many ‘‘preferred partnerships’’
throughout an annual cycle [Gould, 1994, 1996, 1997].

It has been suggested that affiliation with females benefits males in terms of
access to the female core of the group, which can lead to enhanced predator
protection and greater opportunities for social contact and grooming, and possibly
enhanced mating opportunities [Sauther, 1992; Gould, 1994; 1996; Sauther &
Gould, 2003]. Living in a group with few males may be even more beneficial, and
there may in fact be a critical number of males in a group at which stress levels
begin to rise. In 2001, the males residing in the group with only three males had
lower fGC levels than males in the other groups, and they also affiliated more
with the females in their groups. In 2003, no intergroup differences in mean fGC
levels were found, but all groups contained at least four males. Furthermore, in
two previous year-long studies at Beza Mahafaly in 1988 and 1992, Sauther and
Gould [2003] found that males living in groups with just two males affiliated more
frequently with females than males in groups containing more males. Such
affiliation may be particularly important during the brief mating season, since
Sauther and Gould [2003] noted that females tend to choose resident males first
as mating partners. Thus, for a male ring-tailed lemur, living in a group with few
males (three or fewer) may be beneficial in terms of lower stress levels, greater
potential for mating success, and affiliation with females, and possibly less
intermale competition for food resources. In further support of this argument,
Pride [2005] reported that at Berenty Reserve, a field site where groups are on
average larger than at Beza Mahafaly [Gould et al., 2003; Jolly et al., 2002;
Koyama et al., 2002], male fGC levels increased just before and during the mating
season as the group size increased. Also at Berenty, most migrating males
transfer into groups with fewer males [Jones, 1983], and at Beza Mahafaly there
is a greater tendency for males to leave groups with high male/female sex ratios
compared to groups with lower ratios [Sussman, 1992].

CONCLUSIONS

In this study, contrary to that which was expected, marked male–male
mating competition did not result in a greater stress response for adult male ring-
tailed lemurs at Beza Mahafaly Reserve, though the number of males residing in a
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group may be a factor in physiological stress. Wingfield and Ramenofsky [1999]
noted the important distinction between life-history stages (LHS), such as
migration, breeding, and nonbreeding, and emergency life-history stages (ELHS),
which are triggered by events such as crowding, limited resources, increased
predation pressure, and habitat destruction. However, since some researchers
(see Introduction) have found elevated fGC levels in relation to mating in some
male primate species, we must recognize that while reproductive behavior may
not be considered an ELHS, there is great variability across taxa in terms of male
mating competition and the accompanying stress response.
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ANGAP, ESSA-Forêts, the University of Antananarivo, and Dr. Joel Ratsirarson
of the University of Antananarivo for research permission and facilitation;
C. Clement, D. Razanadrainy, R. Bauer, and B. Fotheringham for their field
assistance; and Enafa for his skill and help in capturing the animals for tagging.
The hormone analysis was conducted at Wisconsin Primate Research Center.
I also thank the three anonymous reviewers for their helpful comments on an
earlier version of this manuscript.

REFERENCES

Abbott DH, Keverne EB, Bercovitch FB,
Shively CA, Mendoza SP, Saltzman W,
Snowdon CT, Ziegler TE, Banjevic M,
Garland T Jr, Sapolsky RM. 2003. Are
subordinates always stressed? A compara-
tive analysis of rank differences in cortisol
levels among primates. Horm Behav 43:
67–82.

Altmann J. 1974. Observational study of
behaviour: sampling methods. Behaviour
49:227–265.

Balm PHM. 1999. Stress physiology in ani-
mals. Sheffield: Sheffield Acadmic Press.

Barrett GM, Shimizu K, Bardi M, Asaba S,
Mori A. 2002. Endocrine correlates of rank,
reproduction, and female directed aggres-
sion in male Japanese macaques (Macaca
fuscata). Horm Behav 42:85–96.

Bercovitch FB. 1992. Estradiol concentra-
tions, fat deposits and reproductive strate-
gies in male rhesus macaques. Phys Behav
58:215–282.

Brockman DK, Whitten PL. 1996. Reproduc-
tion in free-ranging Propithecus verreauxi:
estrus and the relationship between multi-
ple partner matings and fertilization. Am J
Phys Anthropol 100:57–96.

Bronson FH, Eleftheriou BE. 1964. Chronic
physiological effects of fighting in mice. Gen
Comp Endocrinol 4:9–14.

Budnitz N, Dainis K. 1975. Lemur catta:
ecology and behavior. In: Tattersall I,

Sussman RW, editors. Lemur biology. New
York: Plenum Press. p 219–235.

Cavigelli SA. 1999. Behavioral patterns asso-
ciated with faecal cortisol levels in free-
ranging female ring-tailed lemurs, Lemur
catta. Anim Behav 57:935–944.

Creel S. 2001. Social dominance and stress
hormones. Trends Ecol Evol 16:491–497.

Genuth SM. 1993. The endocrine system. In:
Berne RM, Levy MN, editors. Physiology.
Vol. III. St. Louis: Mosby Yearbook.
p 813–1024.

Gould L. 1994. Patterns of affiliative behavior
in adult male ring-tailed lemurs (Lemur
catta) at the Beza-Mahafaly Reserve,
Madagascar. Ph.D. dissertation, Washing-
ton University, St. Louis, MO.

Gould L. 1996. Male–female affiliative rela-
tionships in naturally occurring ring-tailed
lemurs (Lemur catta) at the Beza-Mahafaly
Reserve, Madagascar. Am J Primatol 39:
63–78.

Gould L. 1997. Intermale affiliative relation-
ships in ring-tailed lemurs (Lemur catta)
at the Beza-Mahafaly Reserve, Madagascar.
Primates 38:15–30.

Gould L. 1999. How female dominance and
reproductive seasonality affect the social
lives of adult male ring-tailed lemurs
(Lemur catta). In: Dolinhow PJ, Fuentes A,
editors. The non-human primates. Moun-
tain View, CA: Mayfield Press. p 133–139.

Glucocorticoid Levels in Male L. catta / 21



Gould L, Sussman RW, Sauther ML. 2003.
Demographic and life-history patterns in a
population of ring-tailed lemurs (Lemur
catta) at Beza Mahafaly Reserve, Madagas-
car: a 15-year perspective. Am J Phys
Anthropol 120:182–194.

Jolly A. 1966. Lemur behavior. Chicago:
University of Chicago Press. 187 p.

Jolly A. 1984. The puzzle of female feeding
priority. In: Small M, editor. Female pri-
mates: studies by women primatologists.
New York: Liss. p 197–215.

Jolly A, Dobson A, Rasamimanana HM,
Walker J, O’Connor S, Solberg M, Perel
V. 2002. Demography of Lemur catta at
Berenty Reserve, Madagascar: effects of
troop size, habitat and rainfall. Int J
Primatol 23:327–353.

Jones KC. 1983. Inter-troop transfer of Lemur
catta males at Berenty, Madagascar. Folia
Primatol 40:145–160.

Koyama N, Nakamichi M, Ichino S, Takahata
Y. 2002. Population and social dynamics
changes in ring-tailed lemur troops at
Berenty, Madagascar between 1989–1999.
Primates 43:291–314.

Louch CD, Higginbotham M. 1967. The rela-
tion between social rank and plasma corti-
costerone levels in mice. Gen Comp
Endocrinol 8:441–444.

Lynch JW, Ziegler TE, Strier KB. 2002.
Individual and seasonal variation in fecal
testosterone and cortisol levels of wild male
tufted capuchin monkeys, Cebus apella
nigritus. Horm Behav 41:275–287.

Manogue KR. 1975. Dominance status and
adrenocortical reactivity to stress in squir-
rel monkeys (Saimiri sciureus). Primates
14:457–463.

Muller MN, Wrangham RW. 2004. Domi-
nance, fecal glucocorticoids, and stress
in wild chimpanzees (Pan troglodytes
schweinfurthii). Behav Ecol Sociobiol 55:
332–340.

Pride RE. 2005. Optimal group size and
seasonal stress in ring-tailed lemurs
(Lemur catta). Behav Ecol 16:550–560.

Ridley M. 1986. The number of males in a
primate troop. Anim Behav 34:1848–1858

Robbins MM, Czekala NM. 1997. A prelimin-
ary investigation of urinary testosterone
and cortisol levels in wild male mountain
gorillas. Am J Primatol 43:51–64.

Sapolsky RM. 1982. The endocrine stress–
response and social status in the wild
baboon. Horm Behav 16:279–292.

Sapolsky RM. 1983. Endocrine aspects of
social instability in the olive baboon (Papio
anubis). Am J Primatol 5:365–379.

Sapolsky RM. 1989. Styles of dominance and
their endocrine correlates among wild olive
baboons (Papio anubis). Am J Primatol
18:1–13.

Sapolsky RM. 1992. Cortisol concentrations
and the social significance of rank instabil-
ity among wild baboons. Psychoneuroendo-
crinology 17:701–709.

Sapolsky RM. 2002. Endocrinology of the
stress response. In: Becker J, Breedlove S,
Crews D. McCarthy M, editors. Behavioral
endocrinology. 2nd ed. Cambridge: MIT
Press. p 409–450.

Sauther ML. 1989. Antipredator behavior in
troops of free-ranging Lemur catta at Beza
Mahafaly Special Reserve, Madagascar. Int
J Primatol 10:595–606.

Sauther ML. 1991. Reproductive behavior of
free-ranging Lemur catta at Beza Mahafaly
Special Reserve, Madagascar. Am J Phys
Anthropol 84:463–477.

Sauther ML. 1992. The effect of reproductive
state, social rank and group size on re-
source use among free-ranging ring-tailed
lemurs (Lemur catta) of Madagascar. Ph.D.
dissertation. Washington University, St.
Louis, MO.

Sauther ML. 1993. The dynamics of feeding
competition in wild populations of ring-
tailed lemurs (Lemur catta) In: Kappeler
PM, Ganzhorn JU, editors. Lemur social
systems and their ecological basis. New
York: Plenum. p 135–152.

Sauther ML. 1998. The interplay of phenology
and reproduction in ring-tailed lemurs:
implications for ring-tailed lemur conserva-
tion. Folia Primatol 69(Suppl 1):309–320.

Sauther ML, Sussman RW, Gould L. 1999.
The socioecology of the ring-tailed lemur:
thirty-five years of research. Evol Anthro-
pol 8:120–132.

Sauther ML. 2002. Group size effects on
predation sensitive foraging in wild ring-
tailed Lemurs (Lemur catta). In: Miller LE,
editor. Eat or be eaten: predator sensitive
foraging among primates. New York: Cam-
bridge. p 107–125.

Sauther ML, Sussman RW, Cuozzo F. 2002.
Dental and general health in a population
of wild ring-tailed lemurs: a life history
approach. Am J Phys Anthropol 117:122–132.

Sauther ML, Gould L. 2003. Potential pat-
terns of male mate competition among wild
ring-tailed lemurs, Lemur catta. Am J Phys
Anthropol 36:183.

Schiml PA, Mendoza SP, Saltzman W, Lyone
DM, Mason WA. 1996. Seasonality in
squirrel monkeys (Saimiri sciureus). Phy-
siol Behav 60:1105–1113.

Strier KB, Ziegler TE. 1997. Behavioral and
endocrine characteristics of the reproduc-
tive cycle in wild muriqui monkeys,
Brachyteles arachnoides. Am J Primatol
42:299–310.

Strier KB, Ziegler TE, Wittwer DJ. 1999.
Seasonal and social correlates of fecal
testosterone and cortisol levels in wild male

22 / Gould et al.



muriquis (Brachyteles arachnoides). Horm
Behav 35:125–134.

Strier KB, Lynch JW, Ziegler TE. 2003.
Hormonal changes during the mating and
conception seasons of wild northern Mur-
iquis (Brachyteles arachnoides hypox-
anthus). Am J Primatol 61:85–99.

Sussman RW. 1977. Socialization, social
structure, and ecology of two sympatric
species of lemur. In: Chevalier-Skolnikoff S,
Poirier FE, editors. Primate bio-social
development: biological, social and ecologi-
cal determinants. New York: Garland.
p 515–528.

Sussman RW. 1991. Demography and social
organization of free-ranging Lemur catta in
the Beza Mahafaly Reserve, Madagascar.
Am J Phys Anthropol 84:43–58.

Sussman RW. 1992. Male life histories and
inter-group mobility among ring-tailed
lemurs (Lemur catta). Int J Primatol 13:
395–413.

Sussman RW, Rakotozafy A. 1994. Plant
diversity and structural analysis of a tropi-
cal dry forest in southwestern Madagascar.
Biotropica 26:241–254.

Taylor LL. 1986. Kinship, dominance, and
social organization in a semi-free ranging
group of ring-tailed lemurs (Lemur catta).

Ph.D. dissertation, Washington University,
St. Louis, MO.

van Horn RN, Resko JA. 1977. The reproduc-
tive cycle of the ring-tailed lemur (Lemur
catta): Sex steroid levels and sexual recep-
tivity under controlled photoperiods.
Endocrinology 101:1579–1586.

van Schaik CP, van Noordwijk MA, van Bragt
T, Blankenstein MA. 1991. A pilot study of
the social correlates of levels of urinary
fecal cortisol, prolactin and testosterone in
wild long-tailed macaques (Macaca fascicu-
laris). Primates 32:345–356.

Whitten PL, Brockman DK, Stavisky RC.
1998. Recent advances in noninvasive
techniques to monitor hormone–behavior
interactions. Yearb Phys Anthropol 41:
1–23.

Wingfield JC, Ramenofsky M. 1999. Hor-
mones and the behavioral ecology of stress.
In: Balm PHM, editor. Stress physiology
in animals. Sheffield: Sheffield Academic
Press. p 2–51.

Ziegler TE, Scheffler G, Snowdon CT. 1995.
The relationship of fecal glucocorticoids
levels to social environment and reproduc-
tive functioning in female cotton-top
tamarins, Saguinus oedipus. Horm Behav
29:407–424.

Glucocorticoid Levels in Male L. catta / 23


