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DNA analyses support the hypothesis that
infanticide is adaptive in langur monkeys
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Although the killing of dependent infants by adult males is a widespread phenomenon among primates,
its causes and consequences still remain hotly debated. According to the sexual selection hypothesis,
infanticidal males will gain a reproductive advantage provided that only unrelated infants are killed and
that the males increase their chances of siring the next infants. Alternatively, the social pathology hypoth-
esis Interprets infanticide as a result of crowded living conditions and, thus, as not providing any
advantage. Based on DNA analyses of wild Hanuman langurs (Presbytis entellus) we present the first
evidence that male attackers were not related to their infant victims. Furthermore, in all cases the
presumed killers were the likely fathers of the subsequent infants. Our data, therefore, strongly support
the sexual selection hypothesis interpreting infanticide as an evolved, adaptive male reproductive tactic.
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1. INTRODUCTION

The killing of infants by adult males in primates was first
and most widely documented among Hanuman langur
monkeys (Presbyltis entellus; Sugiyama 1965, Mohnot 1971;
Hrdy 1977; Newton 1986; Ross 1993; Borries 1997) and is
now known to occur in five of the six primate radiations
(Hrdy et al. 1995, p.151) as well as in several non-primate
species (Hrdy 1979; Hausfater & Hrdy 1984; Parmigiani
& vom Saal 1994). Although a common phenomenon, its
causes and consequences still remain hotly debated, parti-
cularly in anthropological contexts (Bartlett et al. 1993;
Sussman et al. 1995; but see Hrdy et al. 1995).

Five explanatory hypotheses for the occurrence of
infanticide were given by Hrdy & Hausfater (1984). Of
these, the sexual selection and social pathology hypoth-
eses are the most pertinent contenders here. The sexual
selection hypothesis proceeds on the assumption that
infanticide results from reproductive competition between
males. By killing an infant a male will gain reproductive
advantage provided that (i) the male is not related to the
infant he kills, (ii) the death of an unweaned infant
shortens the subsequent interbirth interval of the mother,
and (ii1) the killer increases his chances of mating with
the mother and siring her next infant (e.g. Hrdy 1974,
1979). According to the social pathology hypothesis,
infanticide results from high male aggression caused by
unnatural living conditions, such as deforestation or
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overpopulation and has no adaptive value (Dolhinow
1977; Curtin & Dolhinow 1978; Boggess 1979, 1984).
Infants are only accidental victims; males may even kill
their own offspring and will not gain reproductive advan-
tage (Bartlett et al. 1993; Sussman et al. 1995).

Existing evidence favours the sexual selection hypoth-
esis. It has been shown that, primate females, after having
lost their dependent infant, resume sexual activity earlier
and bear the next infant significantly sooner than females
with surviving infants (question (ii); e.g. Altmann e/ al.
1978; Collins et al. 1984; Crockett & Sekulic 1984; Leland
et al. 1984; Sommer 1994; Borries 1997). The two remain-
ing questions could only be investigated indirectly. Infan-
ticidal males were new immigrants (Butynski 1982;
Collins et al. 1984; Sommer 1994; Borries 1997), sexually
immature or not observed to copulate with the mother
during the time when the infant was conceived (Collins et
al. 1984; Struhsaker & Leland 1985). Thus, it seems very
unlikely that they killed their own offspring. Furthermore,
in most documented cases, infanticidal males remained
residents in the group where they committed infanticide
and behavioural observations have indicated that they
might have sired the subsequent infant and might there-
fore have benefited by infanticide. They were either
observed to mate with the victim’s mother (Sugiyama
1965; Crockett & Sekulic 1984; Struhsaker & Leland
1985) and/or were the highest ranking males in a multi-
male group (Collins et al. 1984; Borries 1997) or the only
adult male in a one-male group (Sugiyama 1965; Struh-
saker 1977; Sommer 1994).

However, as long as the two questions can only be
examined indirectly it cannot be determined whether or
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not infanticide is an adaptive male behaviour. Since both
predictions aim at genetic relationships (between male—
infant victim and male—subsequent infant) DNA data is
required but has not been available so far. We are now in
a position to examine these relationships for a wild popu-
lation of Hanuman langurs by DNA profiling. In this
population, immigrant males might risk killing their own
offspring since, in general, 21% of the infants were sired
by resident males from neighbouring groups or extra-
group males (total =42 in five groups; Launhardt 1998;
Launhardt et al. 1999) and 25-40% of the immigrant
males were former residents of neighbouring groups
(Borries 1999).

In this investigation we hope to resolve the controversy
of whether infanticide by adult males can be an adaptive
male reproductive tactic in Hanuman langurs and
whether it is in accordance with the sexual selection
hypothesis.

2. MATERIAL AND METHODS

With the support of 19 colleagues, we studied 18 wild groups
of Hanuman langurs (72% multi-male and 28% one-male
groups)
Ramnagar, Southern Nepal. In spite of breeding seasonality

in a semi-evergreen forest near the village of
(births January—June; Koenig et al. 1997) the mean interbirth
interval of 2.4 years was significantly shorter if the infant was
lost prematurely (Borries 1997). During more than 37000h
spent in contact with the langurs, one infanticide was witnessed
(J- Nikolei and K. Thapa, personal communication; cf. Borries
1997), seven cases were likely or assumed (definitions in table 1)
and 24 severe though non-fatal attacks by adult males on infants
were observed, while three were inferred from wounds (Borries
1997). Non-fatal attacks were included in the analysis because
they might have been attempted though unsuccessful infanticides
and the males should likewise not have been related to the infant.

DNA was extracted from langur faeces and samples were
stored in 100% ethanol. Five informative microsatellite loci
(D16S420, DI12S67, SCAIL, DI17S791 and D4S2366) originally
established for humans were amplified by the PCR and were
used for paternity exclusions. For details on the percentage of
PCR reactions with results that could be scored, the method of
scoring fragment lengths, controls run, etc., see Launhardt ef al.
(1998). Whenever a male could be excluded by at least one
microsatellite system he was treated as a non-father. If he could
not be excluded he was considered as the likely father. The
average paternity exclusion probability for all five loci combined
was 88.8% (Selvin 1980; Chakraborty et al. 1988). The 35
observed or inferred events of infanticide or attacks concerned
24 male—infant pairs (some infants were repeatedly attacked by
the same male). Of these, we had a complete set of faecal
samples (male, infant and mother) for 16 pairs. In total, samples
from 41 sexually mature langur males entered the analysis. The
combined paternity exclusion probability was determined for
each male—infant pair indicating the probability that the male
not excluded from paternity was indeed the father of the respec-
tive infant.

3. RESULTS

In all 16 cases with complete DNA samples the male
could be excluded as father of the infant he attacked or
killed (table 1). Thus, all 14 attacks were performed by
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Table 1. Kin relationship between male langurs and the infants
they attacked or killed

(Numbers indicate male—infant pairs.)

paternity
analysis no DNA
excludes the sample for

male as male or
male father infant total
attacked infant® 14 2 16
killed infant (presumed®) 0 5 5
killed infant (likely®) 1 2
killed infant (witnessed) 1 0 1
total 16 8 24

*Infant experienced non-fatal attack, i.e. clearly targeted
approach of a male at high speed (includes one presumed attack).
PInfant disappeared within the first two months after a male
immigrated into the group and the male was seen to chase females
and/or infants.

“Infant died or disappeared after it had been wounded. The
injury could have been inflicted by the teeth of a male
langur—small holes, sharp cuts, a distance of 3—4 cm between
injuries—and the infant as well as other group members were
afraid of one or several of the males, i.e. they almost continu-
ously watched and avoided these males; categories according to

Borries (1997).

unrelated males, as were one likely and one witnessed
infanticide. Own infants were never attacked nor killed.

We further examined whether infanticidal males could
have sired the subsequent infant of the victim’s mother.
During the study period eight infants fell victim to infan-
ticide (presumed, likely or witnessed; table 1). In four out
of five presumed infanticides, another infant was born
subsequently. The DNA analysis revealed that, in all these
cases, the presumed killer of the preceding infant was the
likely father of the subsequent infant (table 2). In two
cases, two males were presumed as killers (males M69
and M70) out of which one male was the likely father of
the subsequent infant, whereas the other male was
excluded from paternity.

4. DISCUSSION

We examined the genetic relationship between males
and the infants they attacked or killed as well as subse-
quent infants via DNA profiling. We found that male
langurs at Ramnagar invariably killed or attacked only
infants they had not sired (table 1). Since there was no
exception, it is highly likely that attacks on infants were
indeed attempted though unsuccessful infanticides, which
might have failed due to frequent protective behaviour by
males and females (Struhsaker & Leland 1987 Borries
1997; Borries et al. 1999).

Infanticidal males seem to benefit from infanticide
because, in all four cases investigated, they sired the
subsequent offspring of the victim’s mother (table 2). Yet
the conclusion of 100% reproductive benefit is premature
because the sample size was small. However, it was
comparatively large and unique, even for a long-term
study on reproductive success in wild primates. All four
cases were preceded by presumed (not witnessed) infanti-
cides. The mother of the only infant observed to be killed
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Table 2. Kin relationship between presumed killers and the
subsequent infants of the victims’ mothers

likely father
of paternity
infant killed  presumed subsequent subsequent exclusion
(presumably)® killer® infant® infant® probability
X2.2 M65 X2.3 M65 72.0%"
MX4.1 M65 MX4.2 M65 99.9%
MO10.2 M69or MOI10.3 M70° 91.0%
M70
Ol1.1 M69or OI11.2 M70¢ 91.5%
M70

2 M, male; other letters indicate group names.

b Only three out of the five systems were analysed due to the very
small amount of DNA in the infant’s sample.

¢ M69 was excluded as father.

had, at the end of the study, not yet carried another
infant to term. Finally, in two of the four cases, two males
were suspected of infanticide, of whom one male sired the
subsequent infants. If the other male (M69) had killed
these two infants but did not father their subsequent
siblings the success rate of infanticidal males would only
be 50%. However, male M70 was our main suspect
because, on two other occasions, he was observed to
attack an infant (Borries 1997, table 1, cases 25 and 28),
while male M69 was never observed to attack an infant.
However, since both males immigrated into the same
group within five days of each other and females as well
as infants avoided them, they were both suspects. A
larger sample size would definitely help to illuminate this
point but will be difficult to obtain. Nevertheless, our
findings suggest that a male’s chances of gaining repro-
ductive advantage via infanticide are very high.

In summary, empirical data support the hypothesis
that infanticide is in accordance with the sexual selection
theory and, thus, adaptive in langur monkeys. Both ques-
tions were answered in favour of the sexual selection
hypothesis.

We wish to thank our co-researchers Dr M. K. Giri, Dr P.
Shresta and Professor S. C. Singh (Natural History Museum,
Kathmandu), the Research Division of the Tribhuvan University
(Kathmandu) and the Ministry of Education, Culture and
Social Welfare (His Majesty’s Government, Kathmandu) for
cooperation and permission to conduct the study at Ramnagar.
We are indebted to all people contributing to the long-term
study at Ramnagar (Hari Acharya, Ulrike Apelt, Ralf
Armbrecht, Jan Beise, Hari Cchetri, Mukesh Chalise, Dud
Bikram Ghale, Andreas Koenig, Shiva Lama, Erik Mittra, Julia
Nikolei, Julia Ostner, Doris Podzuweit, Yam Bahadur Rana,
Oliver Schiilke, Keshab Thapa, Sylvie Thurnheer, Karsten
Wesche and Thomas Ziegler). For valuable comments on earlier
drafts of the manuscript we wish to thank B. Herrmann, J. K.
Hodges, P. M. Kappeler, A. Koenig, W. C. McGrew, J. Nikolei,
J. Ostner, C. P. van Schaik, O. Schiilke, V. Sommer, N. Thomas,
A. Treves, three anonymous referees and, in particular, Sarah
Blaffer Hrdy. J. Nikolei and N. Thomas helped improve the
grammar. Financial support from the German Research
Council (DFG, Goéttingen, grant nos Vol24/19-1+2, Wi966/4-3
and Wi966/3-1+2, Institute of Anthropology) is gratefully
acknowledged. The joint field study at Ramnagar further
benefited from individual grants generously provided by the

Proc. R. Soc. Lond. B (1999)

Alexander von Humboldt-Stiftung (AvH), the Deutscher Akade-
mischer Austauschdienst (DAAD), the Deutsche Gesellschaft fur
Technische Zusammenarbeit (GTZ) and the Ernst-Stewner-Stiftung.
During data collection C.B. was a member of the primatological
group of the late Professor C. Vogel and PW. (Institute of Anthropol-
ogy, University of Gottingen, Germany).

REFERENCES

Altmann, J., Altmann, S. A. & Hausfater, G. 1978 Primate
infant’s effects on mother’s future reproduction. Science 201,
1028-1029.

Bartlett, T. Q., Sussman, R. W. & Cheverud, J. M. 1993 Infant
killing in primates: a review of observed cases with specific
reference to the sexual selection hypothesis. Am. Anthropol. 95,
958-990.

Boggess, J. 1979 Troop male membership changes and infant
killing in langurs (Presbytis entellus). Folia Primatol. 32, 65—107.
Boggess, J. 1984 Infant killing and male reproductive strategies
in langurs (Presbytis entellus). In Infanticide—comparative and
evolutionary perspectives (ed. G. Hausfater & S. B. Hrdy),

pp- 283-310. New York: Aldine.

Borries, C. 1997 Infanticide in seasonally breeding multimale
groups of Hanuman langurs (Presbytis entellus) in Ramnagar
(South Nepal). Behav. Ecol. Sociobiol. 41, 139—150.

Borries, C. 1999 Male dispersal and mating season influxes in
Hanuman langurs living in multimale groups. In Primate
males (ed. P. M. Kappeler). Cambridge University Press. (In
the press.)

Borries, C., Launhardt, K., Epplen, C., Epplen, J. T. &
Winkler, P. 1999 Males as infant protectors in Hanuman
langurs (Presbytis entellus) living in multimale groups: defense
pattern, paternity, and sexual behaviour. Behav. Ecol. Sociobiol.
(In the press.)

Butynski, T. M. 1982 Harem-male replacement and infanticide
in the blue monkey (Cercopithecus mutis stuhlmanni) in the Kibale
forest, Uganda. Am. J. Primatol. 3, 1-22.

Chakraborty, R., Meagher, T. R. & Smouse, P. E. 1988
Parentage analysis with genetic markers in natural popula-
tions. The expected proportion of offspring with unambiguous
paternity. Genetics 118, 527-536.

Collins, D. A., Busse, C. D. & Goodall, J. 1984 Infanticide in
two populations of savanna baboons. In Infanticide— compara-
twe and evolutionary perspectives (ed. G. Hausfater & S. B. Hrdy),
pp- 193-215. New York: Aldine.

Crockett, C. & Sekulic, R. 1984 Infanticide in red howler
monkeys (Aloualta seniculus). In Infanticide—comparative and
evolutionary perspectives (ed. G. Hausfater & S. B. Hrdy),
pp- 173—191. New York: Aldine.

Curtin, R. A. & Dolhinow, P. 1978 Primate social behavior in a
changing world. 4m. Sci. 66, 468—475.

Dolhinow, P. 1977 Normal monkeys? Am. Sci. 65, 266.

Hausfater, G. & Hrdy, S. B. 1984 Infanticide—comparative and
evolutionary perspectives. New York: Aldine.

Hrdy, S. B. 1974 Male—male competition and infanticide among
the langurs (Presbytis entellus) of Abu, Rajasthan. Folia Primatol.
22,19-58.

Hrdy, S. B. 1977 The langurs of Abu—/female and male strategies of
reproduction. Cambridge, MA: Harvard University Press.

Hrdy, S. B. 1979 Infanticide among animals: a review, classifica-
tion, and examination of the implications for the reproductive
strategies of females. Ethol. Sociobiol. 1,13—40.

Hrdy, S. B. & Hausfater, G. 1984 Comparative and evolutionary
perspectives on infanticide: introduction and overview. In
Infanticide——comparative and evolutionary ~ perspectives (ed. G.
Hausfater & S. B. Hrdy), pp. xiii—xxxv. New York: Aldine.

Hrdy, S. B, Janson, C. H. & Van Schaik, C. P. 1995 Infanticide:
let’s not throw out the baby with the bath water. Evol.
Anthropol. 3, 151-154.



904 C. Borries and others

Infanticide is adaptive in langur monkeys

Koenig, A., Borries, C., Chalise, M. K. & Winkler, P. 1997
Ecology, nutrition, and timing of reproductive events in an
Asian primate, the Hanuman langur (Presbytis entellus). J. Zool.
Lond. 243, 215-234.

Launhardt, K. 1998 Paarungs- und Reproduktionserfolg mdinnlicher
Hanuman-Languren (Presbytis entellus) i Ramnagar|Siidnepal.
Gottingen: Cuvillier.

Launhardt, K., Epplen, C., Epplen, J. T. & Winkler, P. 1998
Amplification of microsatellites adapted from human systems
in faecal DNA of wild Hanuman langurs (Presbytis entellus).
Electrophoresis 19, 1356—1361.

Launhardt, K., Borries, C., Epplen, C., Epplen, J. T. &
Winkler, P. 1999 Reproductive success of male langurs
(Presbytis entellus) in Ramnagar—the influence of social
organization and dominance rank. (In preparation.)

Leland, L., Struhsaker, T. T. & Butynski, T. M. 1984 Infanticide
by adult males in three primate species of the Kibale forest,
Uganda: a test of hypotheses. In Infanticide——comparative and
evolutionary perspectives (ed. G. Hausfater & S. B. Hrdy), pp.
151-172. New York: Aldine.

Mohnot, S. M. 1971 Some aspects of social changes and infant
killing in the Hanuman langur (Presbytis entellus) (Primates:
Cercopithecidae) in Western India. Mammalia 35, 175-198.

Newton, P. N. 1986 Infanticide in an undisturbed forest popula-
tion of Hanuman langurs, Presbytis entellus. Anim. Behav. 34,
785-789.

Proc. R. Soc. Lond. B (1999)

Parmigiani, S. & vom Saal, F. S. 1994 Infanticide and parental care.
Chur: Harwood.

Ross, C. 1993 Take-over and infanticide in South Indian
Hanuman langurs (Presbytis entellus). Am. J. Primatol. 30, 75-82.

Selvin, F. 1980 Probability of nonpaternity determined by
multiple allele codominance systems (letter to the editor). Am.
J- Hum. Genet. 32, 276-278.

Sommer, V. 1994 Infanticide among the langurs of Jodhpur: testing
the sexual selection hypothesis with a long-term record. In
Infanticide and parental care (ed. S. Parmigiani & F. S. vom Saal),
pp- 155-198. Chur: Harwood.

Struhsaker, T. T. 1977 Infanticide and social organization in the
redtail monkey (Cercopithecus ascanius schmidti) in the Kibale
forest, Uganda. & Tierpsychol. 45, 75-84.

Struhsaker, T. T. & Leland, L. 1985 Infanticide in a patrilineal
society of red colobus monkeys. £ Tierpsychol. 69, 89-132.

Struhsaker, T. T. & Leland, L. 1987 Colobines: infanticide by
adult males. In Primate societies (ed. B. B. Smuts, D. L. Cheney,
R. M. Seyfarth, R. W. Wrangham & T. T. Struhsaker),
pp- 83-97. University of Chicago Press.

Sugiyama, Y. 1965 On the social change of Hanuman
langurs  (Presbytis  entellus) 1in their natural condition.
Primates 6, 381-418.

Sussman, R. W., Cheverud, J. M. & Bartlett, T. Q, 1995 Infant
killing as an evolutionary strategy: reality or myth? FEuvol.
Anthropol. 3, 149—-151.



