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Social Organization of Free-Ranging Ruffed -~ 

Lemurs , Varecia variegata variegata .- Mother- Ad u It 
Daughter Relationship 

FRANCES J. WHITE, ANN S. BURTON, SUSAN BUCHHOLZ, AND 
KENNETH E. GLANDER 
Department of Biological Anthropology and Anatomy, Duke University, Durham, North 
Carolina 

The relationship between a mother and an adult daughter is examined in 
a group of free-ranging ruffed lemurs (Vurecia uuriegutu) at the Duke 
University Primate Center (DUPC). Although the two females were aEl-  
iative during the birth season, interactions during the mating season were 
predominantly agonistic. The maturing daughter was dominant to the 
mother, as has been observed in many caged social groups at  the DUPC. 
Although both mother and daughter produced offspring in the same group, 
the daughter subsequently aggressively evicted the mother from the en- 
closure. It was not possible to maintain more than one long-term resident 
breeding female in the same social group. This pattern contrasts with 
observations of affiliation among breeding females in the wild. 
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INTRODUCTION 
The social organization of ruffed lemurs is difficult to determine. Original 

descriptions of monogamous social structure in the wild [Tattersall, 1982; Petter et 
al., 19771 were confirmed by observations of captive animals [Klopfer & Dugard, 
1976; Kress et al., 1978; Klopfer & Boskoff, 1979; Foerg, 19821. When ruffed le- 
murs were released into a large enclosure at the Duke University Primate Center 
(DUPC), however, social behavior changed [Keith-Lucas & Keith-Lucas, 19851. 
The intolerance between mothers and mature daughters seen in smaller cages and 
outdoor runs [Foerg, 19821, was reduced so that both mothers and daughters bred, 
and larger group sizes became possible [Pereira et al., 1987; Pereira et al., 1988; 
White et al., 19891. Observations in Madagascar of animals introduced onto a 500 
ha island [Morland, 19901 have also reported larger group sizes. Observations in 
undisturbed, continuous rain forest in southeastern Madagascar have found both 
stable pairs and larger groups [White, 1989, 1991; Balko, pers. comm.]. When 
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larger groups became possible in the enclosures a t  DUPC, however, ruffed lemurs 
did not form cohesive units [Keith-Lucas & Keith-Lucas, 1985; Pereira et al., 1987, 
1988; white et al., 19891. 

Ruffed lemurs have a unique reproductive strategy. Unlike other medium- 
sized diurnal primates, ruffed lemurs give birth to litters rather than single off- 
spring, build nests for the care of these infants, and carry the infants in their 
mouths [Petter, 1977; Foerg, 1982; Pereira et al., 1987, 19881. 

Captive ruffed lemurs also show unusual dominance relationships among fe- 
males as maturing daughters outrank their mothers under captive conditions 
[white, 1991; Alvarado, 1987; DUPC records]. In primate species with clear dom- 
inance hierarchies among females, younger females can outrank older females in 
groups with female transfer [for example, mantled howler, Alouatta palliata, Glan- 
der, 1980; Glander, in press; Clarke & Glander, 19841. In groups where both moth- 
ers and daughters regularly remain and breed, however, daughters usually as- 
sume a rank immediately below that of their mothers [Walters & Seyfarth, 1987; 
but see Hrdy & Hrdy, 19761. Daughters sometimes outrank mothers in small 
groups [Chikazawa et al., 1979; Hausfater et al., 19821. 

This paper presents data on the social organization and cohesion of a group of 
free-ranging ruffed lemurs a t  DUPC. The relationship between an adult daughter 
and her mother are examined during the birth season and the subsequent mating 
season to  ascertain the impact of the changing dominance status of mother and 
daughter on group structure and whether this ruffed lemur group could sustain a 
long-term association of related, breeding females. 

METHODS 
The first matrilines of ruffed lemurs a t  the DUPC were established in 1962. 

Three ruffed lemur groups are currently maintained under free-ranging conditions 
in natural forest habitat enclosures. The study group was the first to be released 
(from 1983 to 1985 in Natural Habitat Enclosure 1 (NHE1) 0.59 ha, since June 17, 
1985 in Natural Habitat Enclosure 2 (NHE2) 3.30 ha enclosure) and is the only 
ruffed lemur group currently containing an adult daughter. All individuals are 
identified by colored collars and pendants. The data was collected between Febru- 
ary and May in NHEl and October to December, 1985 in NHE2. The enclosure 
contained heated shelter boxes and several feeding stations for Purina monkey 
chow. Fresh fruit was provided daily and water was continually available. This 
diet was supplemented with foraging from the natural vegetation [Glander & 
Rabin, 19831. 

The original adult male and female (BA and CA) were unrelated. They pro- 
duced four male offspring (AO, born 1981; RE, born 1982; ER and PU, born 1984) 
and one female offspring (AM, born 1982). Both BA and AM gave birth in 1984, 
1985, and 1986. AM'S infants from the first two years died. The rearing of AM'S and 
BA's births in 1986 is described by Pereira et al. [19871. 

The data presented are from a total of 141 hours of focal animal sampling 
(Altman, 1974). During the 1985 birth season 91 hours of data were collected for 
the mother (BA) and adult daughter (AM) and a further 50 hours were collected 
during the subsequent mating season (October to December) for all group mem- 
bers. These are supplemented with observations of expulsions and removals from 
the enclosure from DUPC records. 

Aggressive and grooming interactions and five minute time points as nearest 
neighbor of each female with the other female versus with other group members 
were compared using G-tests of independence to determine if social relationships 
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between the two females differed between birth and mating season. G values are 
reported with Williams correction [Sokal & Rohlf, 19811. 

RESULTS 
Both females were pregnant at the start of observation in February 1985. BA's 

litter, born during this study, consisted of 3 infants: males AC, ZU, and female CC. 
AM's 1985 infant died at birth from exposure. The deaths of AM's 1984 and 1985 
infants were not caused by aggression from group members. 

Agonistic interactions between mother (BA) and daughter (AM) were infre- 
quent during the birth season with BA directing 8% of aggressive bouts towards 
AM (Fig. la)  and AM directing 20% of aggressive bouts toward BA (Fig. lb). All 
but one of the agonistic interactions between the females occurred before AM gave 
birth on April 2, 1985. The remaining agonistic encounter occurred just before BA 
gave birth on April 24, 1985. 

Affiliation between the females increased after the births. BA and AM were 
frequent nearest neighbors and grooming partners (Fig. lb,c). 

BA separated herself from the rest of the group for approximately two weeks 
after giving birth. During this time, both her mate (CAI and her son (AO) guarded 
BA's infants whenever BA was away from the nest. Upon rejoining the group, BA 
and CA aggressively expelled their son RE from the enclosure. 

During the following mating season (October to December), affiliation between 
BA and AM changed (Fig. lc,d). The frequency of aggression directed by each 
female towards the other relative to that directed at other group members was not 
significantly dependent on the season (for BA, G = 0.013, df = 1, ns; AM, G = 
0.421, df = 1, ns). The frequency of nearest neighbor association was dependent on 
season for both BA (G = 54.386, df = 1, P < 0.001) and AM (G = 24.426, df = 1, 
P < 0.001). The two females rarely associated with each other during the mating 
season. BA's mate CA was most often the nearest neighbor of both females. Groom- 
ing was significantly dependent on the season (for BA, G = 13.429, df = 1, P < 
0.001; AM, G = 11.992, df = 1, P < 0.001). There were no grooming interactions 
between the two females during the mating season. Each received aggression from 
the other (AM received 1 bout, BA received 23 bouts). AM was clearly dominant in 
overt interactions and BA would chatter submissively when AM approached 
within 3 m of her. No other group member directed aggression toward either 
female. 

Agonistic interactions between the females began approximately three weeks 
prior to AM's peak estrus period and continued until after BA's estrus period. The 
predominant agonistic interaction consisted of AM chasing her father (CA) away 
from BA and slapping BA. Gradually AM'S aggression toward BA increased until 
she repeatedly attached BA whether or not CA was present. BA consistently chat- 
tered in submission whenever her daughter approached. 

During the mating season, CA was aggressive towards his adult son, AO, and 
would chase him away whenever A 0  approached the females. During peak estrus 
(approximately 4-8 hours), CA was extremely aggressive toward both his sons A 0  
and ER, and prevented them from attempting to copulate. CA copulated 13 times 
with his daughter AM during a two-day period. At the end of this time, her brother 
A 0  was able to approach and successfully copulate with AM. 

AM gave birth on March 16, 1986 and BA on April 8, 1986 [Pereira et al., 
19871. The females built nests in opposite ends of the enclosure and both remained 
separate from the group for about two weeks. Three weeks after the birth of BA's 
infants, the females parked their infants together and guarded and nursed both 
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Fig. 1. a: Interactions by BA during the birth season (n = 38 aggression given, n = 84 nearest neighbor, n = 
61 grooming bouts: 41.5 hours of focal animal sampling on BA). b: Interactions by AM during the birth season 
(n = 46 aggression given, n = 133 nearest neighbor, n = 101 grooming bouts: 49.5 hours of focal animal 
sampling on AM). c: Interactions by BA during the mating season (n = 11 aggression given, n = 53 nearest 
neighbor, n = 7 grooming bouts: 50 hours observation of all interactions by group members). d Interactions by 
AM during the mating season (n = 94 aggression given, n = 73 nearest neighbor, n = 13 grooming bouts: 50 
hours observation of all interactions by group members). 

infants. When BA returned to the group, she and her mate CA aggressively evicted 
their son ER from the enclosure. 

After weaning her infant in the fall of 1986, AM successfully ejected both her 
mother BA and her maturing sister CC from the enclosure by chasing them several 
times over the electrified fence surrounding the enclosures. Although attempts 
were made to reintroduce BA back into the enclosure, each time aggression from 
AM prevented BA from reintegrating into the group. Finally AM and her son, VO, 
were removed from the group and BA was able to reestablish her position as 
dominant female. 



Social Organization of V. variegala I 285 

DISCUSSION 
When captive ruffed lemurs were first moved to large enclosures, the intoler- 

ance between mother and maturing daughter seen in cages was initially reduced. 
Mother and daughter remained in the group for two years past the daughter’s first 
estrus. The daughter mated with her father and gave birth to two offspring that did 
not survive. Ruffed lemur first births a t  DUPC are unsuccessful. Even first infants 
removed and hand raised do not survive. These births occur when females are 18 
months of age. The age of females a t  first birth, and the survivability of first 
infants, is not currently known for wild studies, but these first births in captivity 
may represent accelerated maturation associated with captive conditions. 

The relationship between mother and adult daughter was not consistent 
through the year. While pregnant and just after giving birth, the two females 
associated with each other and AM groomed BA’s infants. In contrast, during the 
mating season there was aggression and little affiliation. Based on both consistent 
direction of interactions and on AM’S ability to supplant her mother BA from food, 
AM was dominant to BA. This dominance relationship between the two females 
was most apparent during the mating season. Female-female affiliation was most 
obvious during the birth season. 

During the mating season, the dominant female attempted to restrict the 
access of the dominant male to the subordinate female. As guarding of infants by 
the male may be an important factor in determining infant survivability, the 
dominant female may attempt to prevent males from investing in other offspring, 
or to increase the time between the estrus periods of the females. 

The estrus periods of the two females were three weeks apart and the females 
constructed their nests a t  opposite ends of the enclosure. The infants remained in 
the nest for about 2 to 3 weeks. This asynchrony in estrus periods allowed the male 
to guard the nests in sequence, but the male could not guard the infants of the 
dominant female after they left their nest. Only after the infants of the second 
female left the nest could the two sets of infants be parked together and guarded 
at the same time. If the estrus periods of the two females had been synchronous, 
the births would have been simultaneous and one of the nests would not have been 
guarded by the male. 

Following the daughter’s third, but first successful, mating season, all affili- 
ation between the females ceased and the daughter aggressively evicted the 
mother from the social group. The eviction of subordinates by a dominant female 
resulted in there being only one long-term resident successfully breeding male and 
female in the group. 

The data presented here are more consistent with a single-female social sys- 
tem than with a multi-female social group based on related females. This is, how- 
ever, only a single test of the ability of a mature daughter to remain in the group. 
This social situation is now being repeated with a second maturing daughter in the 
group. If mothers leave and daughters remain to breed in natal territories in the 
wild, mothers may transfer into other groups and either the levels of inbreeding 
are high or daughters have access to unrelated males. Ruffed lemurs may, there- 
fore, show both male and female transfer in the wild. 

CONCLUSIONS 

1. Affiliative interactions between a female ruffed lemur and her adult daugh- 

2. The social organization of ruffed lemurs is apparently characterized by 
ter were present during the birth season but not during the mating season. 
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daughters that outrank their mothers on reaching maturity at DUPC. The daugh- 
ter in the enclosure ejected the mother from the social group. 

3. It was not possible to maintain more than one related, long-term resident 
breeding female in the social group at DUPC. 
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