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Abstract Infant adoption has been reported in a variety

of primate taxa both in captive and natural settings.

Adoption by females may be adaptive by increasing

inclusive fitness via shared genes between adoptive mother

and adoptee or by providing valuable maternal practice

which, in turn, may increase the female’s future repro-

ductive success. Others have argued that adoption may be

non-adaptive and the result of a general attraction toward

infants. Our study examines a unique case of adoption by

an adult female Angola black and white colobus monkey

(Colobus angolensis palliatus) who adopted an extra-group

infant alongside her own biological infant. We compare

infant behaviors and mother-infant interactions between

biological infant and adoptee and then compare both bio-

logical infant and adoptee behavioral profiles to those of

infants under normal circumstances. Data were collected

from July 2014 to June 2015 on three habituated groups in

the Diani Forest of Kenya. Scan sampling and pooled data

were used to create daily and monthly behavioral profiles

for the biological infant and adoptee, as well as a mean

monthly profile of four infants under normal circum-

stances. Data include time spent (1) clinging to mother/

adoptive mother, (2) clinging to another individual, (3)

behaving independently, and (4) behaving in close prox-

imity to mother/adoptive mother. Initially, the adoptee

struggled to achieve behavioral profiles consistent with

those of the biological infant and normal colobus infants of

the same age as he spent significantly more time moving

independently and significantly less time clinging to the

adoptive mother. After the mysterious death of the bio-

logical infant in mid-January 2015, the adoptee assumed a

behavioral profile similar to that of infants under normal

conditions. This case does not support adaptive hypotheses

for adoption (i.e., inclusive fitness or learning to mother).

Instead, because the biological infant died, possibly due to

the presence of the adoptee, we argue that this case of

infant adoption was non-adaptive. Ultimately, this adoption

appears to have been an outcome of the adoptee’s persis-

tent desire to be cared for and the female’s strong

propensity to engage in allomaternal behavior.

Keywords Maternal behavior � Orphan � Inclusive
fitness � Allomothering � Colobine monkey

Introduction

While adoption is an uncommon behavior among nonhu-

man primates, instances have been documented both in the

Old World and New World, as well as in captive settings

(Hamilton et al. 1982; Thierry and Anderson 1986; Waters

and Thomas 1996; Ellsworth and Andersen 1997; Ogawa

1998; Gould 2000; Izar et al. 2006; Pelé and Petit 2015).

Biological mothers may forfeit primary care of an infant as

a result of death (e.g., predation or disease) or general

neglect. In either case, adoption occurs when the primary

care of a dependent offspring transfers from the biological

mother to another individual or individuals (Thierry and

Anderson 1986). Although there are instances of adult

males, subadults, and juveniles adopting weaned infants

and young juveniles (Hrdy 1976; Gould 2000; Boesch et al.

2010), adult females often assume the role of adoptive
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mother, carrying, grooming, and nursing younger, more

dependent infants (Thierry and Anderson 1986).

Adaptive explanations for females adopting infants

generally encompass (1) the direct benefit of increasing

inclusive fitness via shared genes between adoptive mother

and adoptee or (2) the indirect or selfish benefit of prac-

ticing mothering behavior which, in turn, may increase the

female’s future reproductive success. The direct inclusive

fitness benefit of adoption is particularly evident among

taxa characterized by female philopatry such as free-

ranging macaques (Macaca spp.) (Taylor et al. 1978;

Hasegawa and Hiraiwa 1980), but has also been observed

in non-female philopatric howler monkeys (Alouatta spp.)

(Izawa 1989; Agoramoorthy and Rudran 1992). The indi-

rect or selfish benefit to adoption typically applies to cases

of juveniles and nulliparous females gaining valuable

mothering experience before giving birth to their own

offspring (Lancaster 1971). While there is no conclusive

evidence supporting this hypothesis in direct relation to

adoption, Fairbanks (1990) found that female vervet

monkeys (Cercopithecus aethiops) who had more experi-

ence caretaking and carrying infants as juveniles ultimately

had better survival rates for their first born offspring.

It is important to stress that adoption can also be viewed

as non-adaptive and a behavior so rare that it has not been

selected against (Thierry and Anderson 1986). Under this

view, adoption is merely the manifestation of a keen

interest in infants associated with normal maternal and

allomothering behaviors (Quiatt 1979). In fact, Hrdy (1976:

128) emphasized that the ‘‘foundations for adoption have

been laid before the actual transfer became necessary,

through aunting behavior’’ (i.e., allomothering). This

behavioral system is a hallmark of many Asian and African

colobine monkeys and is believed to be greatly facilitated

by reduced intragroup feeding competition, more relaxed

social hierarchies, and dispersal patterns characterized by

male and female emigration in many of these taxa

(McKenna 1979; Maestripieri 1994; Matsuda et al. 2012;

Wikberg et al. 2012). Allomothering enables other adult

females and juveniles to hold, carry, protect, and in some

cases, nurse infants that are not their own (Poirier 1968;

McKenna 1979; Bădescu et al. 2015). These interactions

also help to solidify bonds between infants and other group

members which are believed to ease the transition of pri-

mary infant care from biological mother to another female

in circumstances where adoption is necessary (Lancaster

1971; Kriege and Lucas 1974; Hrdy 1976; Quiatt 1979;

Riedman 1982). Despite the high frequency of allomoth-

ering in colobines and Hrdy’s (1976) claim that allo-

mothering can serve as a precursor to adoption, there are

virtually no published accounts of long-term infant adop-

tion in wild colobine monkeys (Boggess cited in Hrdy

1980) and only a handful of examples from experimental

and captive settings (Dolhinow, 1980; Waters and Thomas

1996).

We add to this literature by examining a free-ranging

female Angola black and white colobus monkey (Colobus

angolensis palliatus) who spontaneously adopted an infant

alongside her own infant. Our study is unique in that (1) it

is the first published account, to our knowledge, of infant

adoption in a free-ranging African colobine monkey, (2)

the infant originated from another group, and (3) the

adoption did not occur just after the birth or death of the

biological infant, as is typically described in the literature,

but when the biological infant was 3.5 months old and the

adoptee was estimated to be 4–5 months old. Here, we

compare behaviors between the biological infant and

adoptee to determine if the female cared differently for the

two infants. We also compare the behavioral profiles of the

biological infant and adoptee with those of four C. a.

palliatus infants under ‘‘normal’’ circumstances. Finally,

we discuss this case within the context of adaptive expla-

nations for adoption and the role of allomothering behavior

in colobine monkeys.

Methods

Study site and study species

The Diani Forest is located in the Kwale District of south

coastal Kenya and is one of the few remaining patches of

biodiversity-rich coral rag forests in East Africa (Metcalfe

et al. 2009). The forest measures approximately 4.6 km2

and is characterized by patches of intact forest interspersed

with degraded areas (Anderson et al. 2007; Dunham and

McGraw 2014). The Diani Forest is home to a variety of

primate taxa including Peters’ Angola black and white

colobus monkey (Colobus angolensis palliatus).

Throughout their ranges in eastern and Central Africa,

Colobus angolensis generally live in groups of 2–20

members; however, Colobus angolensis ruwenzorii from

Nyungwe, Rwanda, sometimes form groups of greater than

300 members (Fimbel et al. 2001; Fashing et al. 2007).

Group size at Diani averages six individuals with groups

typically consisting of one or two adult males, multiple

adult females, and their offspring (Moreno-Black and

Maples 1977; Dunham pers. observation). Like most

Colobus angolensis subspecies and other Colobus spp.,

Colobus angolensis palliatus are highly arboreal, spend

much of their time feeding and resting in the main canopy,

and are renowned for their spectacular leaping ability

(Dunham and McGraw 2014; Dunham 2015). Research has

shown that Colobus angolensis are largely folivorous

throughout their ranges but may also rely heavily on seeds

and/or lichens (Bocian 1997; Maisels et al. 1994; Lowe and
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Sturrock 1998; Fimbel et al. 2001). In Diani, Colobus

angolensis palliatus primarily feed on young and mature

leaves while consuming unripe fruits, seeds, and flowers to

lesser degrees (Moreno-Black and Maples 1977; Dunham

unpublished data).

Case history

Beginning in July 2014 our Ufalme study group contained

five individuals: one adult male, three adult females, and

one juvenile female. Over a 2.5-week period from late

August to early September, one female disappeared while

another female, Malkia, gave birth to an infant male named

Kaskazi. These changes to the group composition were first

documented on September 10, 2014. Similarly, our third

female gave birth to a female infant sometime during the

first week of December and was first documented on

December 10, 2014.

Also, on December 10th at 6:40AM an extra-group male

infant, Okoa, was first observed crying and struggling to

follow the study group. Okoa continued to cry and remain

in close proximity to Malkia and Kaskazi throughout the

day. Based on his slightly larger body size relative to the

3.5 month old Kaskazi, we estimated Okoa to be approx-

imately 4–5 months old at this initial observation. Okoa’s

larger body size and longer tail with a more prominent

white tip made him easily distinguishable from Kaskazi

(Fig. 1). At 4:15PM on December 10th Malkia was first

observed simultaneously nursing Kaskazi and Okoa

(Fig. 2). This pattern continued for the remainder of our

December observation days (December 11th–12th and

15th–18th) and into January 2015 (January 11th–13th) with

Malkia continuing to care for Kaskazi and Okoa. On Jan-

uary 15th, Kaskazi was mysteriously found dead with no

apparent external injuries. Malkia continued to care for the

adoptee Okoa through January 2015 and throughout the

remainder of the study, ending in June 2015. The identity

of Okoa’s biological mother remains unknown as no extra-

group females have been observed trying to reconnect with

the infant. It is likely she inhabits one of the neighboring

colobus groups or has died.

Observational methods

Data for this paper were collected as part of an ongoing

study examining the behavioral ecology and food selection

of three groups of C. a. palliatus in the Diani Forest. Each

group was followed for 5–7 days per month before rotating

to another group. Data presented here includes 183 full-day

follows spanning from July 2014–June 2015. Scan samples

were collected at 15-min intervals in which the activity and

nearest neighbor of each individual was recorded. Only

Fig. 1 Malkia holding Kaskazi (center) while Okoa (right) remains

in close proximity. Note the slightly larger body size and longer,

bushier white portion of the tail that clearly differentiates Okoa from

Kaskazi

Fig. 2 Malkia simultaneously nursing Okoa (left) and Kaskazi (right)

with the resident male resting nearby
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infant data are included in the analyses of this study. Infant

activities include rest, feed/forage, socialize, move, and

cling. Clinging includes grasping onto a stationary or mov-

ing individual and also cuddling. Because it was often

impossible to determine if an infant was suckling or just

clinging (particularly when located in the upper canopy),

clinging is used as a proxy for suckling. We report data on

four normal colobus infants in addition to Kaskazi and Okoa

(Table 1). For each infant, data are presented as frequencies

of time spent clinging to mother (i.e., adoptive mother for

the case of Okoa), clinging to non-mother, and independent

(i.e., not clinging to another individual). Proximity data

include frequencies in which the nearest neighbor is the

mother/adopted mother vs. another individual.

Statistics

Non-parametric Mann–Whitney U tests were used to

compare daily frequencies of the aforementioned behaviors

between the biological infant and adoptee during the period

in which both infants were alive and present in the study

group. In order to determine if behavioral profiles of

Kaskazi and Okoa differed significantly from those of

infants under normal circumstances, linear regressions

relating month of age to the mean behavioral frequencies of

four normal colobus infants were compared to those of

Kaskazi and Okoa using non-parametric rank analysis of

covariance (Quade 1967). Data on the four normal infants

were pooled because there were no significant differences

in their monthly behavioral profiles.

Results

Biological infant vs. adoptee

There were a total of 10 observation days in which both

Kaskazi (biological infant) and Okoa (adopted infant) were

alive and present in the study group. During this time

Kaskazi spent significantly more time clinging to Malkia

[medianKaskazi = 54.2 % (IQR = 30.5–77.9), medianOkoa
= 25.0 % (IQR = 12.2–37.8), P\ 0.01] while Okoa spent

significantly more time independent of all group members

[medianKaskazi = 44.4 % (IQR = 20.7–68.1), medianOkoa
= 73.2 % (IQR = 60.4–86.0), P\ 0.01]. Time spent

clinging to individuals other than Malkia did not differ

significantly between biological infant and adoptee [me-

dianKaskazi = 0.0 % (IQR = 0.0), medianOkoa = 0 %,

(IQR = 0.0), P = 0.47]. Likewise, the frequency in which

Malkia was the nearest neighbor did not differ significantly

between infants [medianKaskazi = 83.4 % (IQR = 51.5–

100.0); medianOkoa = 69.5 % (IQR = 46.5–92.5), P =

0.29].

Biological infant and adoptee vs. normal infants

Monthly behavioral frequencies for Kaskazi, Okoa, and the

mean values of four normal infants are show in Fig. 3, 4, 5,

6. Under normal conditions, time spent clinging to mother

generally decreased with each month of age (Fig. 3). A

similar trend was evident for time spent clinging to non-

mother (Fig. 4). Infants generally became more indepen-

dent with age (Fig. 5) and spent less time in close prox-

imity to their mother (Fig. 6).

Behavioral frequencies during Kaskazi’s lifetime (i.e.,

months 1–5) are compared to the mean frequencies of four

normal infant cases during their respective months 1–5. In

all cases behavioral profiles for Kaskazi did not differ

significantly from the mean normal infant profiles: cling to

mother (F = 0.13; P = 0.73), cling to non-mother

(F = 0.77; P = 0.41), independence from other individu-

als (F = 0.13; P = 0.73), and mother as nearest neighbor

(F = 0.33; P = 0.86).

Behavioral frequencies during Okoa’s tenure in the

study group (i.e., months 4–10) are compared to the mean

frequencies of four normal infant cases during months 4–10

of their respective lifetimes. Unlike Kaskazi, Okoa’s

behavioral profiles do not mirror those of the normal

infants as significant differences were found with respect to

cling to adoptive mother (F = 6.01, P = 0.03), cling to

Table 1 Summary of Colobus angolensis palliatus infant data

Infant name Group name Infant age range

(in months)

During observations

Months infant

observed

Number of days

infant observed

Notes

Kaskazi Ufalme 1–5 Sep 2014–Jan 2015 31 Born Sep 2014, died Jan 2015

Okoa Ufalme 4–10a Dec 2014–Jun 2015 40 Joined Ufalme group on Dec 10, 2014

Ufa1 Ufalme 1–7 Dec 2014–Jun 2015 40 –

Uja1 Ujamaa 1–10 Aug 2014–Jun 2015 89 –

Nyu1 Nyumbani 5–10 Jan 2015–Jun 2015 32 –

Nyu2 Nyumbani 1–6 Jan 2015–Jun 2015 32 –

a Age estimated based on body size and pelage color
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non-adoptive mother (F = 6.01, P = 0.03), independence

from other individuals (F = 6.01, P = 0.03), and adoptive

mother as nearest neighbor (F = 5.21, P = 0.04). Okoa

spent significantly more time independent and significantly

less time in close proximity and clinging to his adoptive

mother and other individuals.

Discussion

This study examines a unique case of infant adoption in free-

ranging C. angolensis in which an adult female adopted an

extra-group infant alongside her ownbiological infant.During

the time the infants lived contemporaneously, the biological

infant, Kaskazi, spent significantly more time clinging to his

mother, Malkia, than did the adoptee, Okoa. While caring for

two infants simultaneously engenders greater energetic costs

for the mother (Agoramoorthy and Rudran 1992; Ellsworth

and Andersen 1997; Link et al. 2006), there is no obvious

indication in our data thatMalkia’s added investment in Okoa

occurred at the expense of Kaskazi. This notion is supported

by the fact that monthly behavioral profiles for Kaskazi–

including the period of overlap with Okoa—were statistically

indistinguishable from those of infants under normal condi-

tions at the same age.

However, because we were not able to quantify suckling

frequencies and durations, it is possible that milk intake

differed significantly between Kaskazi and Okoa. By

sharing a mother, it is also likely that both infants suffered

from reduced milk intake relative to infants nursed singu-

larly. For example, in common marmosets (Callithrix

jacchus) where twinning is common, smaller bodied adult

females raising twins had lower fat content, lower gross

energy in their milk, and lower nursing bout frequencies

(Tardif et al. 2001). In other words, ‘‘small mothers were

investing less in twin litters both through less energy

placed in a given volume of milk and by producing less

milk overall’’ compared to their counterparts raising

Fig. 3 Monthly frequency of cling to mother/ adoptive mother

Fig. 4 Monthly frequency of cling to non-mother

Fig. 5 Monthly frequency of time spent independent

Fig. 6 Monthly frequency in which mother/ adoptive mother is

nearest neighbor
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singletons (Tardif et al. 2001: 23). Twinning is excep-

tionally rare among medium to large bodied anthropoids;

therefore, comparable lactational data are not available for

colobus monkeys (Chapman et al. 1990). If there was

indeed a deficiency in the quantity and/or quality of Mal-

kia’s milk during the time she was nursing the two infants,

it is possible that the larger bodied Okoa was able to persist

longer than Kaskazi.

Regardless of Kaskazi’s cause of death, his absence

created an opportunity for Okoa. In the months after Kas-

kazi’s death, the time in which Okoa spent moving inde-

pendently sharply declined and his time spent in the

proximity of and clinging to Malkia sharply increased to

values resembling those of infants under normal conditions

at the given ages. That is, after the death of Kaskazi an

outside observer would simply assume that Okoa was the

biological infant of Malkia.

Adoption is clearly adaptive from an infant’s perspec-

tive. If its biological mother is incapable or unwilling to

provide care, an infant should actively seek another indi-

vidual to provide nourishment and safety as receiving this

care greatly enhances its chance of survival (Dolhinow and

DeMay 1982; Agoramoorthy and Rudran 1992). Okoa

clearly typifies this point: After whining and relentlessly

following the group for several hours, Malkia eventually

allowed him to cling and suckle in the evening of that

initial day. This trend continued for the next month, how-

ever, Okoa remained more peripheral as Kaskazi main-

tained closer proximity and more frequent interactions with

Malkia. In the days after Kaskazi’s death, Malkia occa-

sionally forcefully resisted Okoa’s attempts to nurse. Only

after several attempts did she succumb and allow him to

suckle. His persistence surely played a major role in the

adoption ultimately being successful and long-lasting

(Dolhinow and DeMay 1982).

While adoptions can also be adaptive for the adoptive

mother in some instances, neither the direct inclusive fit-

ness nor indirect learning to mother hypothesis is supported

by Malkia’s adoption of Okoa. Inclusive fitness can be

directly enhanced by adopting an infant with whom the

mother shares genes. Because Okoa was born into another

group and the identity of his biological mother remains

unknown, hypothesizing that the adoption provides a direct

inclusive fitness benefit for Malkia is untenable. Further-

more, the absence of genetic data prevents us from ana-

lyzing the relatedness of Malkia and Okoa. Adoption may

also provide an indirect inclusive fitness benefit by allow-

ing a female the opportunity to practice infant care on the

adoptee without major consequences if the infant dies

(Hrdy 1976). This hypothesis is better suited for juvenile

and subadult females and does not apply well to Malkia as

an adult female already caring for her own biological

infant.

Given that neither adaptive hypothesis is supported, and

that Kaskazi died possibly as a consequence of Okoa’s

adoption, we argue that this specific adoption event is non-

adaptive. Malkia continued to care for Okoa after Kaska-

zi’s death and in doing so experienced high energetic costs

of lactation and maternal care, delaying her sexual recep-

tivity, her ability to conceive, and thus the capacity to

propagate her genes (Altmann et al. 1978; Winkler et al.

1984; Agoramoorthy and Rudran 1992). In a similar study,

Agoramoorthy and Rudran (1992) found that a howler

monkey female who cared for an unweaned adoptee

alongside her own biological infant had a subsequent

interbirth interval of 21.7 months compared to the

16.6 months average associated with infants raised singu-

larly. Ellsworth and Andersen (1997) found a similar trend

in rhesus macaques that raised adoptees alongside their

biological infants. The struggle to balance adoptee care

with conceiving her own offspring was apparent in the

months immediately after Kaskazi’s death as Malkia

attempted to nurse Okoa while actively presenting to and

mating with the group’s resident male—occasionally at the

same time (Fig. 7).

Others have argued that adoption is not necessarily

adaptive, but that it is the consequence of a more general

attraction toward infants, and that adoption occurs so rarely

that it has not been strongly selected against (Quiatt 1979;

Thierry and Anderson 1986). Perhaps more than any other

primates, colobine monkeys are particularly infatuated with

young infants and have a strong tendency toward allopar-

enting (McKenna 1979; Maestripieri 1994). Alloparenting

is particularly geared toward young infants as the stark

color contrast associated with newborns (i.e., during the

first 2–3 months of life) of many colobine species, relative

to their adult counterparts, is believed to convey vulnera-

bility (Horwich and Manski 1975; Hrdy 1976; Alley 1980;

Brent et al. 2007). In this study, the white coloration of C.

Fig. 7 Malkia simultaneously nursing Okoa and mating with the

resident male
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a. palliatus infants corresponds to the higher frequencies of

clinging to non-mother behavior observed during the first

three months of life (Fig. 4). Still, Malkia adopted Okoa

around 4–5 months of age and after his white pelage had

completely shifted from the newborn white coloration to

the black and white coloration characteristic of adults. This

suggests that some individuals retain their affinity for

infants and a predisposition to care for them even after

pelage color change.

In another species of black and white colobus monkey

(Colobus vellerosus), Bădescu et al. (2015) found that

alloparenting behavior (i.e., natal attraction and infant

handling) was more common among maternal kin and

nulliparous females, regardless of rank. Thus, they argue

alloparenting in colobines is particularly ubiquitous

because it can provide potential inclusive fitness benefits to

alloparents and valuable mothering experience for nulli-

parous females, without substantial costs to the biological

mother or individuals engaging in alloparenting (Bădescu

et al. 2015). We argue that Malkia’s adoption of Okoa was

the result of a natural and potentially adaptive tendency

toward alloparenting; however, this behavior was exacer-

bated to the extent that it became non-adaptive due to the

death of her biological infant, the high costs accompanying

primary care of a presumably unrelated adoptee, and the

likely associated delay to conceiving future offspring.
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