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Review of Literature

Lemur catta, commonly referred to as Ring Tailed Lemurs, were originally proposed in 1758 by Karl Linnaeus
(Linnaeus, 1758).  Ring Tailed Lemurs are categorized within the suborder Strepsirrhini, which contains two
super families, Lemuroidea and Lorisoidea. Endemic to Madagascar, Ring Tailed Lemurs possess distinct
markings; a grey to brown torso, darker face, and a black and white tail. This tail contains 12 to 14 alternating
rings, which their common name originated from (Mittermeier et al. 1994). Unlike other primates, the Ring
Tailed Lemur’s tail is not prehensile and is instead used for balance and communication. Although there are over
100 recognized species of lemurs, Lemur catta are one the most studied as a result of their large captive
population (over 2,000 individuals nationwide) (Petter et al 1965).
Ring Tailed Lemurs present relatively monomorphically, with females and males being the same size. Social
groups of Ring Tailed Lemurs contain anywhere from two to 30 individuals with a dominant female. A study
done at Beza Mahafaly reserve found that the average home range for a lemur troop is 32 hectares (Sussman
1991). Female Lemur catta are unique among mammalians in that they possess masculinized external genitalia
and are dominant within their social group (Drea & Weil 2008; Hill 1953). In addition, Ring Tailed Lemurs live
in female-bonded groups. Males switch groups every three to five years while females typically spend their entire
lives with the same group. (Sussman 1992) In the wild, it is rare for a lemur to live longer than 16 years; however,
in captivity, individuals have been recorded to live to 27 years (Jolly 2003).
Lemur catta exhibit three main methods of communication: auditory, visual, and olfactory. This study will focus
on the olfactory communication between various groups of Lemur catta. Like other strepsirrhines, ringtailed
lemurs are macrosmatic, arguably displaying the most complex scent-marking behavior within the Order
Primatea (Schilling 1974)   
Olfactory communication is the perception of borne molecules from one animal to another through water or air.
This usually results in a quick alteration of behavior from the receiver animal (Bossert & Wilson 1962). The
substances expelled from the individual are complex mixtures of volatile and nonvolatile compounds which are
deposited in the form of feces, glandular secretions, urine, or saliva (Belcher et. al 1990). 
 Male Ring Tailed Lemurs have darkly colored scent glands on the inside of their wrists with a spur, referred to as
a horny spur. Males also have scent glands on their chests, just above the collarbone and close to the armpit. Both
male and female Ring Tailed Lemurs have anogenital scent glands (Mittermeier et al. 1994; Rowe 1996; Groves
2001; Palagi et al. 2004). Secretions from the labial, scrotal, brachial and antebrachial glands are composed of



2001; Palagi et al. 2004). Secretions from the labial, scrotal, brachial and antebrachial glands are composed of
different molecular compounds tailored to the function they serve. A study in 2007 served to determine the
composition of secretions from the four different glands. Results found that labial and scrotal secretions were
most similar in composition, containing organic acids, esters, squalene and cholesterol derivatives. The male’s
brachial gland was composed mostly of squalene, lanosterol, and forms of cholesterol (Scordato et. al 2007).
Squalene is a high–molecular weight compound that is common in mammalian glandular secretions and functions
as a fixative or waterproofing agent (Yarger et al. 1977; Albone 1984; Russell 1985; Rosell 2002). This could
point to the purpose of mixing brachial and antebrachial secretions prior to marking. Due to the squalene present,
using both glands increases the longevity of the mark.  
Previous studies have shown that scent marking behavior is highly variable based on the season and sex.
Breeding season for L. catta spans Nov-Feb which corresponds to increased aggression as well as olfactions (in
both sexes/more in males). Males usually mark, using wrist spurs, during the height of breeding season to assert
their dominance relative to other males, thereby gaining female preference for mate choice (Drea & Scordato
2007) When presented with olfactions collected from individuals outside of social group, it was found that female
scent marking functions primarily in reproductive advertisement and intra-sexual competition, whereas male
scent marks are functional in female assessment of mates (Drea & Scordato 2007).
When presented with the olfactions and vocalization of other individuals, male and female L. catta had different
responses. Females were observed sniffing the olfaction for longer periods of time but countermarked less than
males. This same study suggested that L.catta are able to distinguish between the olfaction’s and vocalizations of
different individuals. When the olfaction and vocalization came from the same individual, the lemurs were
recorded to be more attentive (Kulahci et. al 2014).
The captive environment has impacts on primate behavior; factors such as unnatural enclosures, lack of stimuli
and social deprivation can all lead to unnatural behavior (Macedonia, 1987) A study conducted on macaques
found that when housed individually or in pairs, the animals exhibited higher levels of abnormal behavior than
when housed in groups or mother- offspring. Also, the substrate in which these primates were housed had impacts
on their behavior; hard, unnatural surfaces led to stress behavior while natural, soft surfaces reduced these
behaviors (Mallapur 2005).
As previously accepted, the presence of human visitors at a primate’s enclosure leads to increased stress levels
and stress related behaviors such as pacing, begging, and self-biting (Chamove et. al 1988).  The presence of
more than six spectators at an enclosure of L. catta resulted in a drastic increase in agonistic behavior, and a
drastic decrease in grooming and social behavior (Chamove et. al 1988)
The Duke Lemur Center, (DLC) is unique in the way they house and treat their primates.  Since the Duke Lemur
Center is a conservation and research center, human induced stress is minimal in order to emulate the natural
environment as best as possible.  While DLC does allow visitors, behaviors that can cause animal stress
(touching, loud noises, etc) is strictly prohibited and visitor group size is kept to a minimal. Because of these
unique conditions, we had the chance to study behaviors of caged and free ranging groups of L. catta. 

2.0 Research Questions and Hypotheses
This research seeks to determine the differences between free ranging and non-free ranging Lemur catta with
respect to frequency of olfactory communication. This study will focus on how the introduction of a foreign
object impacts the olfactory response of L.catta in two different enclosure types.

H1.The free ranging lemurs will scent mark more frequently than the non-free ranging lemurs. 
H2.The dominant females will scent mark more frequently than the subordinate females in both groups. 
H3. The presence of a foreign object will result in an increased olfactory response in all individuals.  
H0: There will be no differences between the free ranging and caged individuals in respect to olfactory
communication

3.0 Methods
All research was conducted at the Duke Lemur Center. The Duke Lemur Center (DLC), located in Durham, North
Carolina, is the largest sanctuary for Prosimian primates in the World. DLC currently houses over 30 Lemur
catta; however only 12 were focused on for this research. Data was collected over the course of 10 days from
field observation and synthesis of previously collected data. In total, 4 groups of L.catta were focused on for a 10
day period to observe their olfactory behavior. 



3.1 Subjects and housing 
The social groups focused on were two groups of non-free ranging as well as 2 groups of free ranging lemurs. 
These lemurs are semi-free ranging when temperature is greater than 40F. During the cooler months, they are
housed in a Natural Habitat Enclosure (NHE) with dimensions, 10'H x 7.5'W x 7.0' L. and when the temperature
is appropriate, lemurs are allowed to free range in an enclosure sized which vary in size from 1.48 to 14.33 acres.
Each social group has access to multiple NHE and are housed only with their social group. When free ranging,
each social group is housed with 1 or 2 other species, but no other L. catta social group. While in the free ranging
habitat they are fed and checked on every day by a DLC technician, who provides their supplemental diet of Old
World Monkey Chow and replenished their water source; however, the lemurs obtain the rest of their diet through
foraging in the enclosure.
The non-free ranging lemurs, also referred to as caged lemurs, have access to both indoor and outdoor cages.
Each indoor cage is 10'H x 7.5'W x 7.0' L.  Each outdoor cage is 10'H x 7.5' W x 14'L.  Each group has at least 2
indoor and at least 2 outdoor cages, depending on the size of the social group. These lemurs are provided with
Old World Monkey Chow daily by a DLC technician. 
The individuals focused on during this research are listed below (See Table 1 and 2)
Table 1: Social groups
Free ranging Non Free ranging 
Teres (M), Persephone (F) Brigitte (F), Nikos (M) 
Aracus (M), Liesl (F), Schroeder (F), Gretl (F) Doreus (F), Onyx (M), Hibernia (F), Justine (F)

*Dominant individuals are in bold. 

Table 2: Subject information
Sex Name DOB Enclosure Rank
F Brigitta 5/16/11 Cg18-20 Dom F
M Nikos 3/23/13 Cg18-20 Dom M

F Doreus 3/17/00 Cg 1-5 Dom F
F Justine 3/22/05 Cg 1-5 Sub F
F Hibernia 3/17/09 Cg 1-5 Sub F*
M Onyx 3/28/13 Cg 1-5 Dom M

M Teres 3/23/95 NHE1 Dom M
F Persephone 4/25/05 NHE1 Dom F

M Aracus 5/23/98 NHE4 Dom M
F Shroeder 3/22/92 NHE4 Sub F
F Leisl 7/15/08 NHE4 Dom F*
F Gretl 4/09/12 NHE4 Sub F

3.2 Data Collection
Focal Animal Sampling was the method used to collect data. Focal Sampling refers to a set amount of time where
the focal animal is followed to the extent that is possible and specific behaviors are recorded (Cohen, 1971;
Altmann 1973). When possible, focal subgroups were used to maximize data collection in a limited amount of
time. Subgroups were only used when all individuals were easily observed simultaneously. During this project,
focal subgroups were used in the two non-free ranging social groups, Teres and Persephone in NHE1, as well as
the females in Liesl’s group in NHE4. Aracus was observed on his own, as he would often stray from the rest of
his social group. Each individual was observed for 45 minute periods once per day. Time of observation was
varied to prevent other variables from interfering with lemur’s behavior. All olfactions were recorded as well as
location of mark (enclosure or foreign object) and gland used (for males). 

Pictured below is Aracus, a free ranging male, exhibiting 3 different marks. In the center, he is using his brachial gland to
mark an area in his enclosure. To the left, he is pictured using his scrotal gland to mark the foreign object (stool). To the



right, he is using his scrotal gland to mark and area in his enclosure. 

4.0 Results and Discussion
The olfaction’s over a 45 minute interval of the 12 lemurs were analyzed using  JMP Pro 12 (SAS, Cary NC) was
used. 95 percent confidence intervals were used due to the small sample size. 
Figure 1: Olfaction by Gland
As seen to the left, there is comparison of number of marking incidents by gland type in male L.catta. There are
significant differences between all three, with brachial marking the most, brachial/chest gland intermediate, and
scrotal marking the lowest of the three.
Level  - Level p-Value
scrotal Brachial/chest 0.0003*
Brachial/chest brachial 0.0004*
scrotal brachial <.0001*

Below shows p-values for differences between each gland type.  P-values are   all well below the 0.05 standard,
and thus all differences are significant (Wilcoxon non-parametric test). These findings have been previously
acknowledged in prior research.

    Figure 2: Olfactions By Sex
When looking at a comparison of total marking incidents by sex, it is clear that males mark significantly more
often than females.  Wilcoxon non-parametric test p-value<0.0001. 
Prior research has determined that males mark at a higher frequency than females (Kappeler 1998). 
Figure 3: Individual Variation in males
When looking at individual variation in the four males studied, there are clear differences. Overall, Onyx marked
significantly more often than the other three males, with an average of 80 marks per 45-minute.  P-values are
shown to the left from Wilcoxon non-parametric test of each pair.
Level  - Level p-Value
Onyx Nikos 0.0119*
Onyx Aracus 0.0361*
Nikos Aracus 0.5309
Teres Nikos 0.1437
Teres Aracus 0.0601
Teres Onyx 0.0119*

Teres was the least active scent marker of all the males. The
only day in which he marked significantly higher than the
other days was during an intragroup interaction. During this
interaction, a group of L.catta was visible through the fence
that divided each free ranging enclosure. As expected, 
the males in both groups began to display territorial olfactory
behaviors and stink fight. On this day, Teres marked a total of
41 times which is more than double than his next highest day
(18 marks)

Figure 4: Individual Variation in Females
Overall, Justine marked significantly less (0 olfactions) than all other females.  Schroeder marked significantly
less than Persephone. (Wilxocon non-parametric test of each pair)



less than Persephone. (Wilxocon non-parametric test of each pair)
Dorieus marked 7 times in one 45-minute observation, which was the most of any female in one day. Dorieus also
had the highest average of all the females observed. Leisl recently had a pair of twins. During the time of
observation, the babies were around 3 months old. As observed, her time was mostly spent with her babies, which
could have had an impact on her scent marking behavior. 

Figure 4: Mark Location for Population

Overall, L.catta marked the stool significantly more often than they marked elsewhere. This could be due to the
introduction of a foreign object and territorial marking on it. (Wilcoxon non-parametric test p=0.0025).

Figure 5A&B: Mark Location by enclosure type
5A: Mark Location in Free Rangers  5B: Mark Location in Non-Free Ranger

When looking at above data for stool marking vs. non-stool marking by whether or not animal is free-ranging,
there is a significant difference between the two in free-rangers (left, p=0.0002) but not in animals who are not
free-ranging (right, p= 0.6478)   
 
Figure 6A&B: Mark Location by Sex
6A: Male mark location     6B: Female mark location

When looking at the above data for stool marking vs. non-stool marking by sex, there is a significant difference
between the two in males with p<0.0001) but not in females as ,p= 0.2586.

Figure 7A,B,C&D: Mark Location by Enclosure and Sex
7A: F-Non-free-rangers    7B: F Free-rangers 
      

7C: M free-rangers      7D: M-non-free rangers 

When looking at results by both sex and whether or not animals are free-ranging, it Is clear that, in females, free-
rangers mark the stool significantly more often than other areas of their enclosure (p=0.0012); female non-free-
rangers mark the non-stool more often, but not significantly so (p=0.1266). Among males, non-free-rangers mark
the stool significantly more often than other areas in their cage (p=0.0002), free-rangers mark the stool more often
but not significantly so (p=0.0694). Since female L.catta mark very infrequently, it may be a coincidence that the
few times they mark were on the foreign object, or they could have the purpose to mark their territory. 

5.0 Conclusion
During this project, 12 adult Lemur catta were focused on which span across 4 social groups. 2 groups were
caged while 2 were free ranging. These lemurs were observed over 45 minute periods and all olfactions were
recorded, along with the location of the mark. 
The data collected indicated that the male L.catta mark significantly more frequently than females, which has
been previously acknowledged (Kappeler 1998). Of the male marks, brachial gland was used the majority of the
time. Scrotal marks were used least frequently. Previous studies have suggested that brachial marking signifies
dominance status (Drea & Scordato 2008). This could not be verified as all males focused on, in this study, were
dominant in his respective social group. 
H1 was disproved as the free ranging lemurs did not mark more frequently than the caged lemurs. This could
result from the distractions and other behaviors observed in the enclosure. However, the two males housed in a
social group of 4 or more, marked more frequently than the two males housed with only one other individual.
H2 was disproved as well as Gretl (Subordinate) marked more frequently than Leisl (Dominant). As discussed



earlier, Leisl’s recent twins could have had an impact on her scent marking behavior.  H3 was proved as the
foreign object yielded an increase in scent marking behavior throughout the entire population. The most
significant impact was on the male caged lemurs, Nikos and Onyx. This could be due to the lack of stimuli in a
caged enclosure. The caged lemurs were also observed reaching through the fences surrounding their cage to pull
in leaves and such, resembling foraging behavior. The free ranging social groups had ample plants to forage on
and external stimuli found in a natural setting. 
For future research, a larger sample size as well as additional observation time would be beneficial to confirm
these findings. Also, using other species of lemur may show differences between species and their responses to
enclosure type. In addition to observing olfactory communication, vocal and visual communication can also be
studied in further research to determine behavioral differences in various enclosure types. 
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