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 Abstract 

 Analysis of 283 offspring born at the Duke University Primate Center show that 
young female ruffed lemurs,  Varecia variegata,  produce significantly more daughters, 
whereas old mothers produce more sons than expected. Data are compared to 3 hy-
potheses for sex ratio bias: the Trivers-Willard hypothesis which predicts that dominant 
females produce more males, the local resource competition (LRC) hypothesis which 
predicts that subordinate females produce more males, and the local resource enhance-
ment (LRE) extension of the LRC hypothesis that females produce the sex that provides 
later cooperative benefits. In the case of  Varecia,  this may include alloparenting or co-
operative breeding. The results are more consistent with the LRC model. However, ob-
servations of 8 mother-daughter relationships show that female dominance rank in 
free-ranging  Varecia  groups is age reversed, with daughters aggressively outranking 
their mothers. Daughters born into the group were not beneficial as future supporters 
in within-group intermatriline competition as assumed by the LRE model, or as subor-
dinate alloparents, cooperative breeders or aids in territorial defense. Both sex ratio and 
ranking observations are consistent, however, with the hypothesis that mothers pro-
duce daughters when they are young and able to invade elsewhere and sons as they 
age and are less able to do so. This is supported by a single observation of a mother dis-
persing which resulted in her daughter inheriting the natal territory. These data are sup-
portive of the LRE model with female alliances and cooperative breeding among dis-
persed females.  Copyright © 2009 S. Karger AG, Basel 

 Introduction 

 Sex ratio theory predicts that parents should bias offspring investment accord-
ing to the expected relative reproductive returns from male and female progeny 
[Hamilton, 1967; Trivers and Willard, 1973]. The Trivers-Willard model (TW) pre-
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dicts that females in relatively good condition should produce offspring of the sex 
most likely to benefit from greater investment [Austad and Sunquist, 1986; Clutton-
Brock and Iason, 1986; Hrdy, 1987]. It is often argued that this bias should be to pro-
duce male offspring such that this hypothesis is also known as the male quality 
model [Bercovitch, 2002]. High-ranking females in relatively better condition are, 
therefore, often expected to produce relatively more male offspring and low-ranking 
females in poorer condition are often expected to produce more female offspring 
[Clutton-Brock et al., 1984]. In contrast, the local resource competition (LRC) hy-
pothesis predicts that where females remain close to or in the natal group, the sex 
ratio should reflect interfemale competition among relatives [Clark, 1978; Johnson, 
1988; Silk, 1983, 1984]. If female rank is inherited, dominant mothers can benefit by 
producing daughters that inherit high rank and reproductive success and aid in in-
termatriline competition, whereas low-ranking females should produce dispersing 
sons [Simpson and Simpson, 1982; Altmann et al., 1988; Nevison et al., 1996]. Com-
parisons of these models at the population level for female-philopatric cercopithe-
cine primates suggest that the effects predicted by the TW model are apparent when 
competition is relaxed, but the effects predicted by the LRC hypothesis are evident 
when competition for local resources is intense [van Schaik and Hrdy, 1991; Schino, 
2004; but see Silk et al., 2005]. A further extension of the LRC hypothesis, called the 
local resource enhancement (LRE) hypothesis, predicts that sex ratio bias can be cir-
cumstance dependent and that females produce the sex that provides later coopera-
tive benefits [Emlen et al., 1986; Griffin et al., 2005].

  In cooperatively breeding species, sex ratios are biased towards the more helpful 
sex [Gowarty and Lennartz, 1985; Emlen et al., 1986; Pen and Weissing, 2000]. In 
cooperatively breeding callitrichids, sex ratio is biased towards males which are the 
more important helpers [Silk and Brown, 2008].

  Although most data on primate sex ratio biases have come from studies of cer-
copithecines, significant biases have also been found in studies of  Gorilla  [Mace 
1990], platyrrhines including  Ateles  [Symington, 1987; Chapman et al., 1989] and 
 Cebus  [O’Brien and Robinson, 1987] as well as nongregarious prosimian primates 
including  Cheirogaleus  [Foerg, 1982a],  Microcebus  [Perret, 1991; Watson et al., 1996] 
and  Otolemur  [Clark, 1978; Watson et al., 1996]. Overall sex ratio biases were not 
found in gregarious breeding groups of prosimians [Watson et al., 1996]. However, 
a study of captive  Lemur catta  [Nunn and Pereira, 2000] found support for an exten-
sion of the LRC hypothesis. In this study, mothers produced significantly more 
daughters that served as potential allies at a time of potential new group formation 
[Nunn and Pereira, 2000].

  An important factor concerning the degree of competition in the LRC and LRE 
models is the relationship between mothers and daughters, the degree of female 
philopatry in groups, and whether there is cooperative breeding.  Varecia variegata  
is interesting in this case because of variability in group composition, and because 
of the wide variety of relationships observed between mothers and daughters includ-
ing the suggestion of cooperative breeding [Vasey, 2007].

  The ruffed lemur,  V. variegata , is a large (3–5 kg), diurnal prosimian primate 
that exhibits wide variation in social organization, in both captivity and the wild, 
ranging from small pair-bonded groups to multi-male multi-female groups [Petter 
et al., 1977; Tattersall, 1982; Foerg, 1982b; Pereira et al., 1988; Morland, 1990, 1991, 
1993a; White et al., 1992, 1993; Balko, 1998; Ratsimbazafy, 2002; Britt et al., 2003; 
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Erhart and Overdorff, 2007; Vasey, 2007].  Varecia  are female dominant with daugh-
ters disputing the top rank and outranking their mothers as they approach puberty 
[Foerg, 1982b; White, 1991; White et al., 1993].

  Male transfer has been documented for captive groups and indicated in wild 
 Varecia  groups [Morland, 1991; White et al., 1993; Britt et al., 2003]. Relationships 
between daughters and mothers are highly variable. Female offspring have been ob-
served to affiliate with mothers during the birth season and to co-nurse offspring in 
captivity [Pereira et al., 1987, 1988; White et al., 1992]. Alloparenting and co-nursing 
have also been observed in the wild between females of unknown relationship that 
could be mother-daughter pairs [Vasey, 2005, 2007]. Male offspring also alloparent 
but daughters are presumably more helpful as supportive alloparents through allo-
nursing. However, during the mating season in free-ranging and captive conditions, 
daughters have also been observed to aggressively evict their mothers and siblings 
[White et al., 1992].

  In introduced and wild populations in Madagascar,  Varecia  has been observed 
in complex and varying grouping patterns with complex sociality and relationships 
among females [Morland, 1990, 1991, 1993a, b; Vasey, 2005, 2007]. During birth sea-
sons when dependent offspring are present,  Varecia  are more social [Vasey, 2005, 
2007]. During nonbirth seasons, individuals are more dispersed and less affiliative. 
No previous information is available on the sex ratio at birth by maternal age in  Va-
recia .

  This paper examines data from captive ruffed lemur births at the Duke Univer-
sity Primate Center (DUPC) for variation in the sex ratio at birth with the age of the 
mother and data on the age-reversed dominance ranking among related females. 
These are used to develop testable hypotheses to explain the variation seen in social 
organization between study populations of this species. Interpretations are then ap-
plied to a single observation of territory inheritance.

  Methods 

 Data on sex ratio at birth were extracted from the DUPC records for 136 litters of 283 off-
spring born to 34 different females between 1960 and 1996 and calculated as number of males 
born per number of females born. The sex of the offspring was recorded for 246 of the infants 
from 120 of these litters. Individual females reproduced for as long as 21 years; the oldest repro-
ducing female was estimated to be 23.5 years at the time of the birth. Most of the females in-
cluded in this analysis were housed in cages as the only adult female in a group with a single 
adult male and their immature offspring. Sexual maturity occurs at about 18–24 months in this 
species in captivity. Most females typically gave birth yearly (87% of interbirth intervals in this 
data set were 1 year), unless not bred for management reasons. Maturing daughters were usu-
ally removed from caged groups because of the escalation in mother-daughter aggression.

  Focal-animal sampling [Altmann, 1974] was used to record the frequency of agonistic be-
haviors initiated by focal animals in established free-ranging social groups. The free-ranging 
social groups were housed in forested enclosures (natural habitat enclosures, NHE), foraged 
from the natural environment and were provisioned daily with fruit and monkey chow. A total 
of 610 h of observations were conducted on 8 mothers and 8 maturing daughters that were in 
the same group ( table 1 ). Data were distributed among 3 seasons (spring birth season from 
January to April, summer from May to August, fall breeding season from September to Decem-
ber) over 9 years (1985–1994) for a total of 25 seasons with an average of 24 h of observation per 
group per season. Rates of agonistic interactions initiated by the focal animal and directed at 
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the target animal were calculated from the observed frequency and the duration of focal sam-
pling for that individual. The dominance rank of each mother and daughter was determined 
from decided agonistic interactions.

  Observations were also made on 1 case of territorial change between the NHE 2 and NHE 
4 social groups. The fence dividing NHE 2 and NHE 4 was first opened in 1990 and then later 
removed. Both NHE 2 and NHE 4 groups continued to defend the border between the two en-
closures as a territorial boundary despite the absence of a fence. These two enclosures were 
therefore considered as separate territories. Males transferred between enclosures in December 
1990 [White et al., 1993]. At the time the fence was opened, NHE 2 contained a grandmother 
(BA), mother (PR) and daughter (PH). The female in NHE 4 (CO) had only male offspring and 
did not breed successfully after the fence was open, probably due to old age (this female was wild 
caught as an adult in 1967). The daughter PH died in 1991 and daughter LE was born to PR in 
1991. Therefore, only the NHE 2 mother-daughter pairs of PR and PH and PR and LE were in 
a group with the possibility of female dispersal to an adjoining group. The amount of time spent 
in NHE 2 and 4 was recorded for each female.

  Deviation from an expected equal sex ratio was tested using a binomial probability. Effects 
of maternal age on sex ratio of offspring were examined using logistic regression [Sokal and 
Rohlf, 1995]. Frequencies of single- versus mixed-sex litters were compared to an expected fre-
quency based on the probability of each for each litter size (litter size of 2 infants, probability 
of mixed sex 0.33; litter size of 3, probability 0.5; litter size of 4, probability 0.60). The probabil-
ities for each observed litter were averaged for each maternal age class. Observed and expected 
distributions of frequencies were compared using G tests of goodness of fit [Sokal and Rohlf, 
1995]. Differences in use of NHEs by females were compared with a G test of independence with 
Williams correction [Sokal and Rohlf, 1995]. Since much of the data did not fit parametric as-
sumptions, nonparametric tests were used where appropriate [Sokal and Rohlf, 1995].

  Results 

 Sex Ratio 
 The sex was recorded at birth for 246 of 283 infants born in 136 separate litters. 

The sex ratio of 115 males to 131 females was not significantly different from a bino-
mial distribution based on an equal sex ratio at birth (binomial probability = 0.3389, 
n.s.). There was no significant difference in the sex ratio at birth between individual 
females (Kruskal-Wallis test = 39.928, d.f. = 33, n.s.) or between litters of different 

Table 1. Mother-daughter pairs observed

Year(s) and season(s) Mother Age of
mother
years

Daughter Age of
daughter 
years

NHE Area
ha

Average 
group size 

Focal 
sampling
h

1985, spring and fall BA 9.0–9.6 AM 3–3.6 2 3.3 8 105.29
1988, fall, to 1991, spring BA 12.6–15.0 PR 2.6–5.0 2 3.3 5.7 49.50
1991, spring PR 5.0 PH 1.0 2 3.3 6 21.42
1991, fall, to 1992, spring HI 10.6–11.0 NU 1.6–2.0 3 2.3 8 8.42
1991, fall, to 1992, spring HI 10.6–11.0 EU 1.6–2.0 3 2.3 8 8.58
1991, fall, to 1994, summer PR 5.6–8.3 LE 0.6–3.3 2 3.3 6.1 352.00
1993, fall, to 1994, summer GA unknown

(wild caught)
AL 2.6–3.3 6 9.0 5.7 19.08

1994, spring to summer GA unknown
(wild caught)

MU 2.0–2.3 6 9.0 5.7 21.08
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sizes (Kruskal-Wallis test = 2.9753, d.f. = 3, n.s.). Litters born to the same mother 
were, therefore, treated as independent. When mother’s age was ordered into classes, 
there were statistically significant differences from equal sex ratio: the age class 2.5–
4.5 years produced more female offspring and the age class 14.5 years and older pro-
duced significantly more male offspring ( table 2 ,  fig. 1 ). There were no significant 
differences between the observed and expected frequencies of single- versus mixed-
sex litters for any age class ( table 2 ).

  There was a significant positive regression of the percentage of litters that were 
male on maternal age (F = 5.22, d.f. = 1,101, p  !  0.05). There was no significant re-
gression of litter size on maternal age (F = 0.05, d.f. = 1,101, n.s.).

Table 2. Litter characteristics in the various age groups

Age class Average
litter 
size

Standard 
error

Surviving 
infants 
%

n Sex ratio
(male
to female)

p Observed 
single-sex 
litter
%

Average 
expected 
single-sex 
litter
%

2.5–4.5 years 2.07 0.125 82 37 0.3333 <0.01 68 59
5.5–7.5 years 2.32 0.166 86 22 0.4510 n.s. 44 64
8.5–10.5 years 2.42 0.192 86 12 0.5385 n.s. 33 61

11.5–13.5 years 2.60 0.267 80 10 0.5385 n.s. 30 59
14.5 years and older 2.06 0.167 80 22 0.6889 <0.02 55 71
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  Fig. 1.  Sex ratio of births at the DUPC. The proportion of births was expressed as the number 
of males born per number of females born and is shown as solid dots ( I ). The sex ratio of 0.5 is 
shown by the dotted line. 95% significance of the binomial distribution assuming an even sex 
ratio is shown by vertical bars. Sample sizes for the 5 age classes were 75 offspring to 50 females, 
51 offspring to 28 females, 26 offspring to 12 females, 26 offspring to 12 females, and 45 off-
spring to 14 females, respectively. 
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  Aggression and Dominance Rank 
 Aggression by the daughter towards the mother increased as the daughter ma-

tured ( fig. 2 ). Only one mother-daughter pair persisted for more than 3 seasons (PR 
and LE). For this pair, the daughter’s rate of aggression was significantly correlated 
with the percentage of interactions won by the daughter (Kendall  �  = 0.6455, p  !  
0.03), and the mother’s and daughter’s aggression rates were significantly correlated 
(Kendall  �  = 0.6828, p  !  0.02). When data for all mother-daughter pairs were pooled, 
there was no significant increase in the mothers’ aggression rate and the daughters’ 
age (Kendall  �  = 0.0906, n.s.) but there were significant correlations between the 
daughter’s age and the rate of the daughter’s aggression (Kendall  �  = 0.6724, p  !  
0.001), between the daughter’s age and percentage of interactions won by the daugh-
ter (Kendall  �  = 0.7192, p  !  0.001), and the daughter’s aggression rate and the per-
centage of interactions won by the daughter (Kendall  �  = 0.8043, p  !  0.001). By the 
age of 3–3.3 years, daughters always outranked their mothers ( fig. 3 ).

  ‘Eviction’ of Neighboring Female and Change in Female Territory 
 There were 3 females in NHE 2 in the fall of 1992: top-ranking PR and her moth-

er BA, and PR’s 1.6-year-old offspring LE. BA and LE were of equal rank, based on 
won aggressive interactions, at this time. In October 1992, females BA and PR and 2 
others (male AM and one unknown individual) went from NHE 2 into NHE 4 and 
aggressed against the resident NHE 4 female, CO. CO was removed from the enclo-
sure with major bite wounds. After CO’s removal, the NHE 4 group consisted of only 
a single adult male ZU who had transferred to NHE 4 from NHE 2 in 1990. PR spent 
significantly more time in NHE 4 than the other females after CO’s removal (1992 
fall G = 33.423, p  !  0.001; 1993 spring G = 320.995, p  !  0.001; 1993 summer G = 
111.807, p  !  0.001; 1993 fall G = 18.471, p  !  0.001; 1994 spring G = 4.026, p  !  0.05; 
1994 summer G = 24.327, p  !  0.001). In the subsequent breeding season (December 
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  Fig. 2.  Rates of aggressive interactions initiated by daughters and directed at mothers by daugh-
ter’s age during focal-animal observations of daughters. Each daughter/mother pair is shown 
separately. Total of 209 h of focal sampling. 
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to January 1992), PR mated with the NHE 4 male, ZU, and BA mated with an un-
known male or males. In the spring of 1993, PR gave birth to a single infant male 
(SA) on the NHE 2/NHE 4 boundary and the nest was guarded by ZU. PR continued 
to spend most of her time in NHE 4. BA gave birth to 3 infants in NHE 2 but 1 dis-
appeared and 2 died from bite wounds from unknown sources. No males guarded 
BA’s infants. BA was removed from the enclosure in June 1993 due to poor health. 
PR remained primarily in NHE 4 through to the fall of 1993 when ZU was removed 
and replaced by an unrelated male (ZU and PR were full sibs), CI. PR and her infant 
SA remained in NHE 4 with CI until CI died of a prior illness in December 1993. 
Following CI’s death, PR increased the amount of time spent in NHE 2 and mated 
with the NHE 2 unrelated male OC. PR had a single infant in June 1993 in NHE 4 
which was guarded by the male OC. Over the spring and summer of 1994, PR be-
came second ranking to her daughter LE.

  Discussion 

 Younger  Varecia  mothers produced significantly more daughters than expect-
ed. The ratio of daughters to sons declined as mothers aged until the oldest age cat-
egory of over 14 years when the oldest mothers produced significantly more sons. 
Daughters aggress against their mothers as they mature until they outrank them in 
the group. These results do not conform to simple interpretations of the TW, the LRC 
or the LRE models of sex ratio evolution.  Varecia  appears to have some female philop-
atry, and young females produce relatively more daughters. These data best support 
the LRC model in that young females are high ranking while their mother is still in 
the group. Although these female offspring are not beneficial as future supporters in 
intermatriline competition, they could be potential alloparents or cooperative breed-

0

20

60

100
A

g
o

n
is

ti
c

in
te

ra
c

ti
o

n
s

w
o

n
(%

)

0

Age of daughter (years)

80

40

1 2 3 4 5

+· LE/PR PH/PR
PR/BA
EU/HI
NU/HI

AL/GA
MU/GA
AM/BA

+ · · · · ·

·

·

  Fig. 3.  Percentage of decided agonistic interactions that were won by daughters by daughter’s 
age for all mother and daughter focal sampling combined. Total of 610 h of focal sampling. 
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ers. They could also be potential supporters in territorial defense or disputes at a 
community or neighborhood level. This suggests a more general form of the LRE 
model with mothers producing daughters for cooperative support between groups 
rather than as allies within groups.

  Most of the females reproducing in this study were the only female in the group 
and therefore the sex ratio bias appears to fit a model based more on a dispersal strat-
egy rather than within-group competition. As such, this situation may fit better the 
TW model in that females in good condition invest more in female offspring that are 
most likely to benefit from increased investment possibly because of the greater costs 
of female dispersal.

  Female offspring may also be beneficial in allonursing or as cooperative breed-
ers especially to young mothers. However, the unusual social system of  Varecia , with 
daughters outranking mothers as the daughter matures, implies that daughters do 
not remain to help their mothers but to supplant them as the dominant female. This 
ranking change may also be related to the dispersal system. As daughters mature, 
they show more aggression towards the mother and win more interactions until at 
about 3 years of age when they outrank the mother. Most of these groups had little 
dispersal opportunities. In contrast, in the single case of the PR-LE mother-daughter 
pair, a dispersal opportunity became available when the unrelated female CO from 
the neighboring enclosure was evicted when LE was 2.6 years old. This single case 
appears to be very important to the interpretation of the advantage of both the sex 
ratio and dominance data. At the time of the territorial change, there was no aggres-
sion between the daughter and the mother ( fig. 2 ), and the mother, PR, was the top-
ranking female of the group. Following the removal of the neighboring female, PR 
increased her use of the neighboring NHE 4 enclosure and mated and successfully 
reared an offspring with the NHE 4 male, even though this male was a full sib and 
there was an unrelated male (OC) in the NHE 2 group. PR did not return to NHE 2 
when her mother BA was removed from there but did return more when the NHE 4 
male CI died. At the time of her return to her previous group, PR’s daughter LE was 
3 years old and starting to dispute PR’s top-ranking position. By the next season, LE 
was the top-ranking female and PR transferred permanently back to NHE 4 but ac-
companied by the unrelated male (OC) from the NHE 2 group.

  Albeit a single observation, the previously described incident of voluntary fe-
male transfer provides insight into possible female dispersal strategies [Baden, 2007]. 
In  Varecia , top-ranking adult females may secondarily transfer from their breeding 
groups, thereby allowing their daughter(s) to assume the position of top rank. The 
benefit to the daughter is clear in that she inherits an established, familiar territory. 
Although there are possibilities of inbreeding in that the daughter’s father may still 
be resident,  Varecia  shows male transfer and male visiting during the breeding sea-
son in both the wild and captivity [Morland, 1991; White et al., 1993; Britt et al., 
2003] so that unrelated breeding males should also be present. It is more difficult to 
understand why the high-ranking mother should voluntarily give up a proven breed-
ing situation. If the mother’s inclusive fitness is increased by such a strategy, this be-
havior implies that the value of a maturing daughter that is evicted from the natal 
group is very low. The single observation reported here suggests that dispersal may 
depend on the ability to invade an existing territory with a resident male rather than 
on the establishment of a new territory. This eviction of the resident female may de-
pend on the cooperative efforts of more than one female. If the ability to invade else-
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where is dependent on the age of the female, young or immature females are unable 
to evict an older resident female successfully and so cannot disperse into breeding 
situations. Mothers, however, being older, would be able to invade and breed else-
where and at the same time leave daughters in breeding situations.

  The importance of dispersing into an established territory with a resident male 
may be related to the importance of male care in successful rearing of offspring.  Va-
recia  infants are left in nests for the first 4 weeks of life and are guarded by the female, 
breeding male and occasionally by maturing offspring [Brockman et al., 1987; Pereira 
et al., 1987; Morland, 1990; Vasey, 2007]. Unguarded offspring at the DUPC have 
been lost to predators or were killed by other adult lemurs. Established territories 
may therefore offer the advantages of proven guarding males as mates.

  The importance of an established male to a breeding female is supported by the 
observation at the DUPC that when in October 1993, ZU was removed from the en-
closures to prevent further mating with his full sib PR and a new male was intro-
duced into NHE 4, PR remained with this new male in NHE 4 until he died in De-
cember 1993. After his death, PR returned to using NHE 2 until another male (OC) 
from her old group moved into NHE 4 with her.

  This proposed model of female dispersion and territory inheritance in this spe-
cies may also offer insight into the selective advantage of the sex ratio bias at birth. 
When mothers are adult but still relatively young, they may be relatively more suc-
cessful at invading elsewhere, and so at this time they produce relatively more daugh-
ters. These daughters may also aid in aggressive evictions of neighboring females or 
in defense against eviction attempts. As the mother ages, however, her ability to evict 
other females may decrease and so she produces more sons who emigrate out of the 
natal group.

  This model of dispersal by  Varecia  may explain the dramatic differences ob-
served in the social organization of the species, especially the observations of affili-
ative community-like networks observed on the island of Nosy Mangabe [Morland, 
1990, 1991, 1993a, b] and on the Masoala Peninsula [Vasey, 2000, 2002, 2005, 2007]. 
These authors found mid-sized, multi-male, multi-female groups that shared a com-
munal home range and formed temporary associations within a social network.

  The interpretation of the dispersal system proposed here involves females in-
vading nearby territories where they can evict the resident female before emigrating 
out of their breeding group. If this pattern of gradual dispersal out from a central 
location were to continue for some time, a neighborhood system of related mother-
daughter females in neighboring groups could be established. At the DUPC, there 
were aggressive intergroup interactions between the NHE 2 and NHE 4 groups when 
the two groups were unrelated, but only affiliative interactions after the mother took 
over the neighboring group. If interactions between neighboring matrilineal groups 
remain affiliative and interactions between adjacent nonrelated matrilines aggres-
sive, a community-like network may become established. The social groups on the 
500-ha island of Nosy Mangabe are descended from introduced animals that were 
brought to the island in the 1930s and there have been no new immigrants into the 
system since this time [Harcourt and Thornback, 1990]. It may be possible to test this 
interpretation by looking at the genetic relatedness across distances and to look for 
spreading matrilines.

  The change in enclosure by the adult female  Varecia  is comparable with the ter-
ritorial shift observed in monogamous  Callicebus  [Easley and Kinzey, 1986]. In this 
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study, the authors found a case where parents changed their ranging over a period of 
years apparently to allow offspring groups to inherit the old territory while the par-
ents established a new one nearby. The  Varecia  case, however, occurred quickly and 
with overt aggression and involved only the breeding female. Both studies emphasize 
the potential importance of parents in the establishment of territories by offspring 
in primate species.

  Acknowledgments 

 I thank Dr. Kenneth Glander and Dr. Elwyn Simons and all the DUPC staff for making 
this study possible. Carel van Schaik, Kenneth Glander, Michelle Rasmussen, Jayne Gerson, 
Nicholas Malone and two anonymous reviewers provided helpful comments on the manu-
script. Special thanks go to all the students who have helped collect  Varecia  data over the years, 
especially Lara Benton. This research was supported by the Duke University Research Coun-
cil. 

 References 

 Altmann J (1974). Observational study of behavior: sampling methods.  Behaviour  49: 227–265. 
 Altmann J, Hausfater G, Altmann SA (1988). Determinants of reproductive success in savannah ba-

boons,  Papio cynocephalus . In  Reproductive Success  (Clutton-Brock TH, ed.), pp 403–418. Chi-
cago, University of Chicago Press. 

 Austad S, Sunquist ME (1986). Sex-ratio manipulation in the common opossum.  Nature  324: 176–180. 
 Baden AL (2007). Ranging patterns and group fluidity of black-and-white ruffed lemurs  (Varecia var-

iegata)  at Mangevo (Ranomafana National Park, Madagascar).  American Journal of Physical An-
thropology Supplement  44: 67. 

 Balko EA (1998).  A Behaviorally Plastic Response to Forest Composition and Logging Disturbance by 
 Varecia variegata variegata  in Ranomafana National Park, Madagascar.  PhD dissertation, Syra-
cuse, State University of New York College of Environmental Science and Forestry, p 245. 

 Bercovitch FB (2002). Sex-biased parental investment in primates.  International Journal of Primatology  
23: 905–921. 

 Britt A, Welch C, Katz A (2003). Can small, isolated primate populations be effectively reinforced 
through the release of individuals from a captive population?  Biological Conservation  115: 319–
327. 

 Brockman DK, Willis MS, Karesh WB (1987). Management and husbandry of ruffed lemurs,  Varecia 
variegata , at the San Diego Zoo. II. Reproduction, parturition, litter size, infant care, and reintro-
duction of hand-raised infants.  Zoo Biology  6: 349–363. 

 Chapman CA, Fedigan LM, Fedigan L, Chapman LJ (1989). Post-weaning resource competition and sex 
ratios in spider monkeys.  Oikos  54: 315–319. 

 Clark AB (1978). Sex ratio and local resource competition in a prosimian primate.  Science  201: 163–
165. 

 Clutton-Brock TH, Albon SD, Guinness FE (1984). Maternal dominance, breeding success, and birth 
sex ratios in red deer. Nature 308: 358–360. 

 Clutton-Brock TH, Iason GR (1986). Sex ratio variation in mammals.  Quarterly Review of Biology  61: 
339–374. 

 Easley SP, Kinzey WG (1986). Territorial shift in the yellow-handed titi monkey.  American Journal of 
Primatology  11: 307–318. 

 Emlen ST, Emlen JM, Levin SA (1986). Sex-ratio selection in species with helpers-at-the-nest.  American 
Naturalist  127: 1–8. 

 Erhart E, Overdorff DJ (2007). Spatial organization and group composition in  Varecia variegata .  Amer-
ican Journal of Physical Anthropology Supplement  44: 106. 

 Foerg R (1982a). Reproduction in  Cheirogaleus medius .  Folia Primatologica  39: 49–62. 
 Foerg R (1982b). Reproductive behavior in  Varecia variegata .  Folia Primatologica  38: 108–121. 
 Gowaty PA, Lennartz MR (1985). Sex ratios of nestling and fledgling red-cockaded woodpeckers  (Pi-

coides borealis)  favor males.  American Naturalist  126: 347–353. 



  Varecia  Sex Ratio and Dominance 351Folia Primatol 2009;80:341–352 

 Griffin AS, Sheldon BC, West AA (2005). Cooperative breeders adjust offspring sex ratios to produce 
helpful helpers.  American Naturalist  166: 628–632. 

 Hamilton WD (1967). Extraordinary sex ratios.  Science  156: 477–488. 
 Harcourt C, Thornback J (1990).  Lemurs of Madagascar and the Comoros.  The IUCN Red Data Book. 

Gland, IUCN. 
 Hrdy SB (1987). Sex-based parental investment among primates and other mammals: a critical evalua-

tion of the Trivers-Willard hypothesis. In  Child Abuse and Neglect: Biosocial Dimensions  (Gelles 
R, Lancaster J, ed.), pp 97–147. New York, Aldine. 

 Johnson CN (1988). Dispersal and the sex ratio at birth in primates.  Nature  332: 726–728. 
 Mace GM (1990). Birth sex ratio and infant mortality rates in captive western lowland gorillas.  Folia 

Primatologica  55: 156–165. 
 Morland HS (1990). Parental behavior and infant development in ruffed lemurs  (Varecia variegata)  in 

a northeast Madagascar rain forest.  American Journal of Primatology  20: 253–265. 
 Morland HS (1991). Preliminary report on the social organization of ruffed lemurs  (Varecia variegata 

variegata)  in a northeast Madagascar rain forest.  Folia Primatologica  56: 157–161. 
 Morland HS (1993a). Reproductive activity of ruffed lemurs  (Varecia variegata variegata)  in a Madagas-

car rain forest.  American Journal of Physical Anthropology  91: 71–82. 
 Morland HS (1993b). Seasonal behavioral variation and its relationship to thermoregulation in ruffed 

lemurs  (Varecia variegata variegata) . In  Lemur Social Systems and Their Ecological Basis  (Kap-
peler PM, Ganzhorn JV, eds.), pp 193–204. New York, Plenum Press. 

 Nevison CM, Rayment FDG, Simpson MJA (1996). Birth sex ratios and maternal social rank in a cap-
tive colony of rhesus monkeys  (Macaca mulatta) .  American Journal of Primatology  39: 123–138. 

 Nunn CL, Pereira ME (2000). Group histories and offspring sex ratios in ringtailed lemurs  (Lemur 
catta) .  Behavioral Ecology and Sociobiology  48: 18–28. 

 O’Brien TG, Robinson JG (1987). The effects of group size and female rank on sex ratio at birth in ca-
puchins,  Cebus olivaceus .  International Journal of Primatology  8: 499. 

 Pen I, Weissing FJ (2000). Sex-ratio optimization with helpers at the nest.  Proceedings of the Royal Soci-
ety of London (Biology)  267: 539–543. 

 Pereira ME, Klepper A, Simons EL (1987). Tactics of care for young infants by forest-living ruffed le-
murs  (Varecia variegata variegata):  ground nests, parking, and biparental guarding.  American 
Journal of Primatology  13: 129–144. 

 Pereira ME, Seeligson ML, Macedonia JM (1988). The behavioral repertoire of the black and white 
ruffed lemur,  Varecia variegata variegata  (Primates, Lemuridae).  Folia   Primatologica  51: 1–32. 

 Perret M (1991). Influence of social factors on sex ratio at birth, maternal investment and young sur-
vival in a prosimian primate.  Behavioral Ecology and Sociobiology  27: 447–454. 

 Petter JJ, Albignac R, Rumpler Y (1977).  Faune de Madagascar 44: mammifères lémuriens (Primates 
prosimiens).  Paris, ORSTOM-CNRS. 

 Ratsimbazafy HJ (2002).  On the Brink of Extinction and the Process of Recovery: Responses of Black and 
White Ruffed Lemurs  (Varecia variegata variegata)  to Disturbance in Manombo Forest, Madagas-
car.  PhD dissertation, State University of New York at Stony Brook, p 122. 

 Schino G (2004). Birth sex ratio and social rank: consistency and variability within and between pri-
mate groups.  Behavioral Ecology  15: 850–856. 

 Silk JB (1983). Local resource competition and facultative adjustment of sex ratios in relation to com-
petitive abilities.  American Naturalist  121: 56–66. 

 Silk JB (1984). Local resource competition and the evolution of male-biased sex ratios. Journal of Theo-
retical Biology 108: 203–213. 

 Silk JB, Brown GR (2008). Local resource competition and local resource enhancement shape primate 
birth sex ratios.  Proceedings of the Royal Society of London (Biology)  275: 1761–1765. 

 Silk JB, Willoughby E, Brown GR (2005). Maternal rank and local resource competition do not predict 
birth sex ratios in wild baboons.  Proceedings of the Royal Society of London (Biology)  272: 569–
574. 

 Simpson MJA, Simpson AE (1982). Birth sex ratios and social rank in rhesus monkey mothers. Nature 
300: 400–441. 

 Sokal RR, Rohlf FJ (1995).  Biometry.  New York, Freeman & Co. 
 Symington MM (1987). Sex ratio and maternal rank in wild spider monkeys: when daughters disperse. 

 Behavioral Ecology and Sociobiology  20: 421–425. 
 Tattersall I (1982).  The Primates of Madagascar.  New York, Columbia University Press. 
 Trivers RL, Willard DE (1973). Natural selection of parental ability to vary the sex ratio of offspring. 

 Science  179: 90–92. 
 van Schaik CP, Hrdy SB (1991). Intensity of local resource competition shapes the relationship between 

maternal rank and sex ratios at birth in cercopithecine primates.  American Naturalist  138: 1555–
1562. 



Folia Primatol 2009;80:341–352 352  White 

 Vasey N (2000). Niche separation in  Varecia variegata rubra  and  Eulemur fulvus albifrons.  I. Interspe-
cific patterns.  American Journal of Physical Anthropology  112: 411–431. 

 Vasey N (2002). Niche separation in  Varecia variegata rubra  and  Eulemur fulvus albifrons.  II. Intraspe-
cific patterns.  American Journal of Physical Anthropology  118: 169–183. 

 Vasey N (2005). Activity budgets and activity rhythms in red ruffed lemurs  (Varecia rubra)  on the 
Masoala Peninsula, Madagascar: seasonality and reproductive energetics.  American Journal of 
Primatology  66: 23–44. 

 Vasey N (2007). The breeding system of wild red ruffed lemurs  (Varecia rubra):  a preliminary report. 
 Primates  48: 41–54. 

 Watson S, Ward J, Izard K, Stafford D (1996). An analysis of birth sex ratio bias in captive prosimian 
species.  American Journal of Primatology  38: 303–314. 

 White FJ (1991). Social organization, feeding ecology, and reproductive strategy of ruffed lemurs,  Va-
recia variegata . In  Primatology Today  (Ehara A, Kimura T, Takenaka O, Iwamoto M, eds.), pp 
81–84. Amsterdam, Elsevier. 

 White FJ, Balko EA, Fox EA (1993). Male transfer in captive ruffed lemurs,  Varecia variegata variegata . 
In  Lemur Social Systems and Their Ecological Basis  (Kappeler PM, Ganzhorn JU, eds.), pp 41–49. 
New York, Plenum Press. 

 White FJ, Burton A, Buchholz S, Glander KE (1992). Social organization, social cohesion and group size 
of wild and captive black and white ruffed lemurs.  American Journal of Primatology  28: 281–287.   


