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Abstract
The rarity of infant adoption in wild primates compromises our understanding of its consequences for the participating indi-
viduals. We report the first case of successful infant adoption in a wild group of brown howler monkeys (Alouatta guariba 
clamitans). We evaluated the potential costs of the behavior for the adoptive mother by comparing her activity budget and 
diet before and after the adoption. On 18 June 2013, a domestic dog killed the mother of a 2-month-old male infant (Victo-
rio) as she attempted to cross a canopy gap. Victorio was immediately rescued from her belly by a researcher and released 
in a climber near another infant-carrying female (Sofia, his likely grandmother). Sofia recovered him 2 min later. She car-
ried and breastfed both infants during the next 4 weeks, when her own infant disappeared. We monitored Victorio until he 
reached adulthood in March 2018. Sofia fed more (mainly on immature leaves) when she nursed only Victorio than when 
nursing only her own or both infants. Assuming that the disappearance of Sofia’s own infant was unrelated to the adoption 
of Victorio, we conclude that his successful adoption may contribute to Sofia’s inclusive fitness if he sires his own infants.
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Introduction

Adoption of a nutritionally dependent infant is an extreme 
case of alloparental care (Riedman 1982). It can occur when 
the providing parent dies, fails to care for, or abandons the 
immature individual, or when another individual kidnaps it, 
normally after losing their own offspring (Riedman 1982; 
Thierry and Anderson 1986; Kouba et al. 2017). Adoption 
occurs mostly in family groups of social mammals in which 
youngsters remain with their parents for one or more years, 
until they reach dispersal age or adulthood, or in other small 

groups characterized by high levels of kinship (Riedman 
1982; Thierry and Anderson 1986). Given that the feeding of 
dependent infant mammals is eminently a lactating mother’s 
responsibility, cases of adoption in mammals often involve 
other females (Riedman 1982; Clutton-Brock 1991).

Mammalian adoptions fit the predictions of kin-selection 
theory when the inclusive fitness of the adoptive parent 
increases as a result of the survival of an adopted kin infant 
(i.e., a form of altruism influenced by relatedness between 
individuals: Foster et al. 2016). In the absence of inclusive 
fitness benefits, the adoption can still benefit the adoptive 
parent by providing the opportunity to practice parenting 
skills (Riedman 1982). When neither inclusive fitness nor 
experience benefits can be identified, adoption is considered 
a nonadaptive behavior triggered by females’ general attrac-
tion toward infants (Riedman 1982; Clutton-Brock 1991). 
However, our understanding of this phenomenon is still 
incomplete, given the scarcity of detailed long-term studies 
and the scarcity of reports of adoption in some vertebrate 
groups, including wild nonhuman primates.

Adoption of infants has been recorded in all major pri-
mate radiations (Agoramoorthy and Rudran 1992; Riedman 
1982; Dunham and Opere 2016). Among New World mon-
keys, adoption has been witnessed in howler monkeys in 
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Central (e.g., Alouatta palliata: Clarke and Glander 1981; 
A. pigra: Schneider et al. 1999) and South America (e.g., 
A. arctoidea: Agoramoorthy and Rudran 1992; A. caraya: 
Pavé et al. 2010; A. seniculus: Izawa 1989), in spider mon-
keys (Ateles geoffroyi: Estrada and Paterson 1980), and in 
titi monkeys (Callicebus nigrifrons: Cäsar and Young 2008). 
Most of these studies reported a nursing female adopting 
a dependent orphan infant and her increased nutritional 
demands resulting from the need to nurse and carry ‘twins’. 
However, none of them evaluated the consequences for 
the adoptive mother’s activity budget and foraging, or the 
adoptee’s survival until adulthood, which requires long-term 
monitoring (Riedman 1982; Thierry and Anderson 1986).

Free-ranging primate populations living in anthropogenic 
landscapes create opportunities for adoption because all 
group members are vulnerable to threats that are uncom-
mon in pristine habitats (e.g., electrocution, road kills, dog 
attacks or capture by people). This is the case for brown 
howler monkey (Alouatta guariba clamitans) groups inhab-
iting conserved or altered habitats (e.g., plantations or agro-
forests) near human settlements, where deaths of adults from 
the aforementioned causes (Printes 1999; Buss 2012) leave 
orphaned infants and juveniles.

Here, we present the first report of successful adoption 
(i.e., survival of the adoptee until adulthood) of an infant 
male brown howler monkey by an infant-carrying, nurs-
ing adult female in a free-ranging group. Specifically, we 
describe the process of adoption of the infant after the death 
of his mother, the development of his plant-based diet after 
adoption, and his survival until adulthood. We also compare 
the adoptive mother’s activity budget and diet with those of 
the group’s adult male during three infant caregiving stages 
(hereafter ICS): when she was caring for her own infant 
 (ICSa), both infants  (ICSb), and only the adoptee  (ICSc). 
Given the high nutritional demands of nursing and infant-
carrying for primates (Link et al. 2006; Dias et al. 2017), 
we expected that the adoptive mother would increase her 
feeding post-adoption compared to the pre-adoption stage 
to be able to rear two infants. We also expected increased 
consumption of plant items rich in energy and protein, such 
as fruits and immature leaves (Righini et al. 2017), as the 
infants grew older.

Methods

Study site and group

This study was conducted from April 2013 to March 2018 
in a 4.1-ha Atlantic forest fragment within a 20-ha agroeco-
logical farm (Sítio Chachá; 30°12′28″S, 51°05′53″W, 40 m 
a.s.l.) in Porto Alegre, state of Rio Grande do Sul, Brazil. 
The anthropogenic matrix surrounding the fragment is a 

complex mosaic of scattered plantations of Eucalyptus citri-
odora, Pinus taeda and Cycas revoluta, agricultural fields, 
pastures, small human settlements, and unpaved roads. Two 
domestic dogs lived in Sítio Chachá. Like most rural proper-
ties in the region, an unknown number of stray dogs often 
also visited this area.

At the beginning of the case reported here (June 2013), 
the howler monkey group contained five individuals (one 
adult male and two adult females with their 2-month-old 
dependent male infants). Although we did not perform DNA 
analyses to determine the relatedness between the two adult 
females (hereafter Sofia and Rosalia), we believe that they 
were, respectively, mother and daughter, for the following 
two reasons. First, in 2011 the group was composed of four 
individuals: an adult male, an adult female with body size 
and pelage similar to Sofia, a subadult female, and an infant 
male named Pipo (who died of unknown causes in 2013). 
Second, no immigration occurred from 2011 to February 
2019, when we stopped monitoring the group. Two male 
infants were born around the second (Aureliano) and third 
(Victorio) weeks of April 2013. Victorio was distinguishable 
from Aureliano by his reddish forelock and more brown-
ish pelage. However, we were unable to distinguish them 
in most observations during June 2013 because they were 
similar in size and their faces were normally turned toward 
Sofia’s belly, and because of poor light conditions.

Author V.M. monitored the study group on a monthly 
basis from December 2012 to January 2014. Within the 
study fragment, the howlers sometimes covered short dis-
tances on the ground (up to around 50 m) during movements 
between isolated portions of their home range, to exploit 
Ficus cestrifolia and Psidium guajava fruits. At least two 
other howler groups inhabited neighboring forest patches, 
but home range overlap was negligible.

Field observations

We recorded data before and soon after the death of Rosalia 
and the adoption of Victorio by Sofia; to do so we used the 
ad libitum method (Altmann 1974) with the aid of high-
resolution 10 × 42 binoculars. V.M. and D.C. then recorded 
the behavior of Rosalia and the infant(s) on a monthly 
basis from June 2013 to January 2014 using instantaneous 
scan sampling (Altmann 1974) with 5-min sampling units 
at 15-min intervals. We recorded the infants’ location on 
Sofia’s body (ventral, dorsal or lateral) and each individual’s 
behavior (feeding, resting, moving or socializing) in each 
scan. We also recorded the plant species exploited and the 
food items ingested when Victorio started to feed on plants.

We followed the study group for 293 h distributed over 
29 sampling days from April 2013 to January 2014, obtain-
ing 3763 behavioral records in 1172 scan samples. We 
could not compare parental care devoted to each infant due 
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to the aforementioned problems in identifying them in the 
first period after adoption. Finally, O.M.C. assessed Victo-
rio’s physical condition and his interaction with Sofia via 
10-min monthly focal observations of both individuals for 
about 123 h between November 2014 and February 2015, 
November 2016 and February 2017, and October 2017 and 
March 2018. Both Victorio and Sofia were alive and appar-
ently healthy when we stopped monitoring them in February 
2019. The main datasets used to run the analyses described 
below are available in Chaves et al. (2019).

Data analysis

We used generalized linear mixed models (GLMM) to com-
pare Sofia’s frequency of feeding, resting, and moving, and 
her frequency of feeding on leaves and fruits during the 
three ICSs (na = 8 sampling days, 254 scans; nb = 3 days, 
113 scans; nc = 20 days, 854 scans). We also compared her 
patterns with those of the adult male, to assess whether any 
changes in her behaviors resulted from environmental fac-
tors that also affected him. If not, we could conclude that 
her behavioral changes were likely related to the different 
energetic demands of raising one younger infant, then two 
infants simultaneously, and then a single older infant.

We ran the analyses using the function ‘lmer’ of the R 
package lme4 (Bates et al. 2015). We set a Poisson distribu-
tion with log link-function for the error distribution as rec-
ommended for count dependent variables (Crawley 2012). 
We used the bootstrapping approach over the R ‘sample’ 
function to set a standardized number of 20 scan sampling 
units for each ICS to control for asymmetry in sampling 
effort. We specified the main behavioral state or the food 
item, the ICS, and their interactions as fixed factors and the 
days’ ID as a random factor to account for repeated measures 
during the same sampling days.

We used a likelihood ratio test over the ‘lrtest’ function of 
R package epiDisplay (Chongsuvivatwong 2015) to assess 
the significance of the whole model compared with the cor-
responding null model. We identified differences between 
ICSs using post hoc contrasts with the function ‘glht’ of the 
R package multcomp (Hothorn et al. 2008), with P values 
adjusted using the Tukey method. We performed all statisti-
cal analyses in R v.3.3.2 (R Core Team 2018), setting the 
statistical significance threshold at P ≤ 0.05.

Results

Description of Victorio’s adoption

We describe the process of Victorio’s adoption during the 
three stages and also report observations during the post-
adoption period (Table 1). Both infants were ca. 2 months 

old during the two first adoption stages, and Victorio was 3 
to 9 months old in the third stage.

ICSa began at 15:55 on 18 June 2013, when a domes-
tic dog killed the adult female Rosalia, and the 2-month-
old orphan Victorio was rescued and placed in a climber 
(Table 1; Fig. 1a, b). Immediately, the adult male moved 
near Victorio. He vocalized lightly, but did not touch the 
infant.

Victorio climbed Sofia’s back at the beginning of  ICSb at 
16:14, and the latter displayed clearly maternal care toward 
him (Table 1, Fig. 1c–e). During the next 2 days, ventral 
carrying was Sofia’s predominant carrying style for both 
infants (>94% of carrying records in both cases, Fig. 1d, 
e). Although poor visibility prevented the confirmation of 
nursing during this stage, Victorio appeared to readily accept 
Sofia’s care. After  ICSa, the adult male showed no specific 
interest in Victorio, and they did not interact.

Sofia continued to provide maternal care to Victorio and 
her own infant throughout  ICSb (Table 1). Distress vocali-
zations by Victorio gradually decreased the day after his 
adoption. On 20 June 2013, both infants climbed onto Sofia’s 
back and explored the environment, although they did not 
leave her body.

On 15 July 2013, we found that Aureliano had disap-
peared and that Victorio was the only infant in the group. 
We were unable to determine the cause of Aureliano’s dis-
appearance (likely death), because the group had not been 
followed during the previous several days. We detected no 
wounds on either Victorio or Sofia that might have suggested 
receipt of aggression. Victorio showed no sign of discomfort 
with his adoptive mother during the next month (Table 1). 
On 31 July 2013, the ca. 4-month-old Victorio began to feed 
on plant items, and his dietary range had increased to at least 
27 species by January 2014 (Table S1).

Victorio started to gradually feed more and move inde-
pendently during the post-adoption stage, when he was 
ca. 8-months old (Table 1). When carried by his adoptive 
mother, his position was mostly dorsal (53%, ventral = 44%, 
lateral = 3%). He survived to adulthood in his natal group, 
where he was a subordinate male in January 2018 (Table 1). 
We conclude that the adoption was successful. O.M.C. 
observed him smelling his adoptive mother’s genitals on 
nine occasions in February and March 2018, but no mating 
attempt was recorded.

Sofia’s and the adult male’s activity budgets 
and diets

Between June 2013 and January 2014, Sofia devoted most 
of her time (mean ± SD percentage of total scan sampling 
records) to resting (53 ± 9%), followed by feeding (35 ± 9%), 
moving (11 ± 5%), and socializing and other activities 
(1 ± 2%). Corresponding percentages for the adult male were 
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Table 1  Description of the main events of the processes of Victorio’s adoption and development over the 5-year study period

Date Hour Stage/event Description

I: Pre-adoption
18 June 2013 15:55 Dog attack A dog attacks Rosalia (carrying Victorio on her back) when she tries to jump across 

a canopy gap
16:02 Rosalia’s death Rosalia dies, and the researcher V.M. rescues Victorio from her back

II: Early adoption
18 June 2013 16:13 Victorio’s return to the group After confirming that Victorio is not injured, V.M. and D.C. place him in a climber 

(17 m in height) near the trees where the group rests
16:14 Victorio’s rescue Victorio’s distress calling (lasting ca. 2 min) attracts Sofia’s attention. She moves 

toward Victorio and turns her back to him
16:45 Allomaternal care Sofia carries both Victorio and Aureliano on her back for ca. 1 h. She quickly 

grooms or inspects Victorio’s body. Both infants move to a suckling position
19–22 June 2013 Intense caregiving Sofia carries, grooms, and nurses Victorio many times every day

III: Advanced adoption
15 July 2013 Aureliano’s disappearance Upon returning to the study site 24 days later, V.M. observes that Aureliano is miss-

ing. Sofia carries only Victorio
Late July 2013 Environmental exploration Victorio handles plant items near Sofia during periods of <2 min
Late July–Sep 2013 Victorio-Sofia integration Sofia and Victorio continue displaying typical mother–infant behaviors

Beginning of independence Victorio is observed feeding on young leaves for the first time on 31 July. He occa-
sionally ingests young leaves and small ripe fruits, but he still sucks frequently 
and depends on Sofia to move between trees

IV: Post-adoption
Oct 2013–Jan 2014 Plant feeding Victorio feeds on small ripe fruits, young leaves, and other plant items of 22+ plant 

species (Table S1). He sucks occasionally
Nov 2014–Feb 2015 Victorio’s independence Victorio feeds and travels independently, and most of the time he does not stay in 

body contact with Sofia
Nov 2016–Feb 2017 Juvenile-subadult transition The color of Victorio’s pelage begins to change from dark brown to reddish brown
Jan–Mar 2018 Adulthood Victorio’s body size and reddish-brown pelage are similar to those of the alpha 

adult male. He smells his adoptive mother’s genitals occasionally

Fig. 1  Victorio before and after his adoption by the lactating female 
Sofia. a Victorio’s mother’s corpse after the dog attack. b Victorio 
rescued by V.M. in June 2013. c, d Adoptive mother Sofia carrying 

Victorio and her own son Aureliano. e Sofia nursing one infant. f Vic-
torio at the age of 3.9 years in February 2017
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57 (± 8%), 31 (± 8%), and 11 (± 5%). The amount of time 
spent by both Sofia and the adult male in their main diurnal 
activities differed across ICSs (GLMM: AIC = 1971, χ2 = 
1731, df = 17, P < 0.0001), but we detected only one differ-
ence between the individuals: Sofia spent more time feed-
ing during  ICSc than the adult male (Tukey contrast test: 
P < 0.01; Fig. 2). We found a similar pattern of variation 
when we analyzed the activities of each individual separately 
(Fig. S1).

Similarly, the frequency of feeding on leaves and/or fruits 
by Sofia and the adult male differed among ICSs (GLMM: 
AIC = 1618, χ2 = 309, df = 23, P < 0.0001, Fig. 3) but not 
between the individuals (Tukey contrast test: P > 0.05 in all 
cases; Fig. 3), despite Sofia’s higher consumption of imma-
ture leaves and ripe fruits during  ICSc than  ICSa and  ICSb 
(Fig. S2).

Discussion

This is the first reported case of successful adoption of a 
dependent infant brown howler monkey by an infant-car-
rying, nursing female. Despite the absence of independent 
immature individuals in the study group, our observation 
is compatible with the view that adult female primates, 
particularly lactating or pregnant ones, are prone to adopt 
orphan immature individuals (Thierry and Anderson 1986; 
Pavé et al. 2010). In addition to the hormonal stimulus of 
lactation as a proximate trigger for adoption (Thierry and 
Anderson 1986), our observation is compatible with the 
kin-selection perspective (West-Eberhard 1975; Riedman 
1982). The deceased and the adoptive mothers were prob-
ably daughter and mother, respectively; therefore, Victorio 
is likely Sofia’s grandson.

Maternal skills training (Riedman 1982; Thierry and 
Anderson 1986) and social support gain (West-Eberhard 
1975) are weaker explanations of the described case, 
because Sofia was an experienced multiparous female and 
the only mature individual in the group other than the adult 
male. However, she would only obtain an increase in inclu-
sive fitness, as suggested in other howler monkey studies (A. 
arctoidea: Agoramoorthy and Rudran 1992; A. caraya: Pavé 
et al. 2010), if the death of her son Aureliano was unrelated 
to Victorio’s adoption (e.g., accident, disease, or predation). 
If the adoption triggered Aureliano’s death, as suggested in 
a case reported in Colobus angolensis (Dunham and Opere 
2016), the adoption would be nonadaptive. Although we do 
not know Aureliano’s fate, he is likely to have died, because 
a dependent infant cannot survive by itself.

Although Aureliano’s disappearance occurred during a 
period of almost a month in which we were not monitoring 
the group, we did not observe any evidence that Sofia was 
incapable of rearing two same-age infants simultaneously, 
a phenomenon reported in black-and-gold howler monkeys 
(Pavé et al. 2010; see also Bicca-Marques and Calegaro-
Marques 1994). Compatible with increased energetic and 
nutritional demands of nursing and carrying a growing 
infant, Sofia showed increased feeding during  ICSc. How-
ever, the fact that the adult male also showed a slight increase 
in feeding during this stage weakens this interpretation.

Contrary to our prediction, we found that Sofia’s con-
sumption of leaves and fruits did not differ from that of the 

Fig. 2  Number of instantaneous scan records devoted to resting, feed-
ing, and moving by the adoptive mother Sofia (F) and the group’s 
adult male (M) during each infant caregiving stage: own infant Aure-
liano only  (ICSa), both infants  (ICSb), and adoptee Victorio only 
 (ICSc). The black line within each box represents the median, the 
large white circle represents the mean, the box represents the first and 
third quartiles (interquartile range [IQR]), and the whiskers represent 
the IQR multiplied by 1.5. Dots represent the data for each sampling 
day (N = 20 sampling days in each case). Pink bars represent the adult 
female, and blue bars the adult male. Asterisks indicate significant 
differences (P < 0.05) between the individuals
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adult male in all ICSs. Therefore, we cannot argue that she 
needed to increase her intake of protein- and energy-rich 
foods to satisfy her potentially higher nutritional demands of 
either raising two infants simultaneously or one growing one 
(Coley and Barone 1996; Righini et al. 2017). In fact, it is 
likely that the plant consumption pattern of both adults was 
simply due to the greater availability of immature leaves and 
lower availability of ripe fruits during some months of  ICSc 
(i.e., July–September 2013: see Chaves and Bicca-Marques 
2016).

From the infant’s perspective, Victorio’s likely close kin-
ship with Sofia may have played an important role in the 
success of his adoption. The failure of a relocation attempt 
(witnessed by O.M.C.) on 14 April 2018 of a ca. 2-month-
old orphan male brown howler (Tito), whose mother died 
(unknown cause) in another population more than 5 km from 
the study group, is compatible with our hypothesis. Upon 

his release on a tree near the prospective adoptive group, 
an adult female ventrally carrying a ca. 4-month-old infant 
approached Tito and allowed him to climb her back. She 
carried and groomed him. However, Tito left the female’s 
back 35 min later and climbed into the crown of a Ficus 
cestrifolia tree about 20 m away. He remained isolated there 
even though the entire group did not move away from him 
for about 40 min, and the same female attempted to rescue 
him again at least twice. The group eventually left the area, 
leaving Tito behind. The infant was recovered by the per-
sonnel responsible for the attempted relocation and sent to 
a local wildlife rescue center. Therefore, the success of an 
adoption, even of young infants, depends on the willing-
ness of both the adoptive mother and the orphan, and some 
degree of familiarity between them may be critical.

Overall, Victorio’s development followed the typical pat-
tern for howler monkeys. His dependence on Sofia decreased 

Fig. 3  Number of records of 
feeding on the main plant items 
by the adoptive mother Sofia (F) 
and the group’s adult male (M) 
during each ICS. Additional 
details as in Fig. 2
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around the fifth and sixth months (Baldwin and Baldwin 
1973; Podgaiski and Jardim 2009), when he also began to 
ingest plant foods (particularly fruits and immature leaves). 
All plant items eaten by Victorio were also eaten by Sofia 
and the adult male (V.M., pers. obs.) and are common foods 
in the diet of six other brown howler groups in the region 
(Chaves and Bicca-Marques 2016).

In conclusion, we recommend that management strate-
gies for orphan infant howler monkeys, and perhaps other 
primates, target nearby groups as prospective adoptive 
groups, rather than attempting translocation to populations 
of unrelated individuals. This advice may become more 
important as habitat encroachment continues to bring non-
human primates into increasingly dangerous contact with 
humans (Estrada et al. 2017, 2018), likely increasing the 
need for effective orphan infant management in anthropo-
genic landscapes.

Acknowledgements We thank Emerson Chassot for providing logisti-
cal support to work in Sítio Chachá. O.M.C. was supported by a post-
doctoral fellowship from the Programa Nacional de Pós-Doutorado 
of the Coordenação de Aperfeiçoamento de Pessoal de Nível Supe-
rior—Brazil (Brazilian Higher Education Authority)/CAPES (Finance 
Code 001; PNPD grant #2755/2010). V.M. thanks ProBolsas/PUCRS 
and CAPES for a doctoral fellowship (#1464332). JCBM thanks the 
Brazilian National Research Council/CNPq for research fellowships 
(PQ #303154/2009-8, 303306/2013-0 and 304475/2018-1). We thank 
the editor and two anonymous reviewers for their valuable contribu-
tions to improve the paper. This research complied with protocols 
approved by the Scientific Committee of the Faculty of Biosciences 
of the Pontifical Catholic University of Rio Grande do Sul (project 
#3477-SIPESQ) and Brazilian laws governing the study of wild ani-
mals (permits #28578-SISBio/ICMBio).

References

Agoramoorthy G, Rudran R (1992) Adoption in free-ranging red howler 
monkeys, Alouatta seniculus of Venezuela. Primates 33:551–555

Altmann J (1974) Observational study of behavior: sampling methods. 
Behaviour 49:227–267

Baldwin JD, Baldwin JI (1973) Interactions between adult female and 
infant howling monkeys (Alouatta palliata). Folia Primatol 20:27–71

Bates D, Maechler M, Bolker B, Walker S (2015) Fitting linear mixed-
effects models using lme4. J Stat Softw 67:1–48

Bicca-Marques JC, Calegaro-Marques C (1994) Twins or adoption? Neo-
trop Primates 2:6–7

Buss G (2012) Conservação do bugio-ruivo (Alouatta guariba clami-
tans) (Primates, Atelidae) no entorno do Parque Estadual de Itapuã 
Viamão RS. Doctoral thesis, Universidade Federal do Rio Grande 
do Sul

Cäsar C, Young RJ (2008) A case of adoption in a wild group of black-
fronted titi monkeys (Callicebus nigrifrons). Primates 49:146–148

Chaves ÓM, Bicca-Marques JC (2016) Feeding strategies of brown 
howler monkeys in response to variations in food availability. PLoS 
ONE 11:e0145819

Chaves ÓM, Martins V, Camaratta D, Bicca-Marques JC (2019) Data on 
the activity patterns and diet of the adult male and a lactating female 
of a wild brown howler monkey group. Mendeley Data. https ://doi.
org/10.17632 /z2syy jdv8h .3

Chongsuvivatwong V (2015) epiDisplay: epidemiological data display 
package. Version 3.5.0.1. CRAN R project Organization, Vienna, 
Austria

Clarke MR, Glander KE (1981) Adoption of infant howling monkeys 
(Alouatta palliata). Am J Primatol 1:469–472

Clutton-Brock TH (1991) The evolution of parental care. Princeton Uni-
versity Press, New Jersey

Coley PD, Barone J (1996) Herbivory and plant defenses in tropical for-
ests. Annu Rev Ecol Syst 27:305–335

Crawley MJ (2012) The R book. John Wiley and Sons, New Jersey
Dias PAD, Coyohua-Fuentes A, Canales-Espinosa D, Chavira-Ramírez R, 

Rangel-Negrín A (2017) Hormonal correlates of energetic condition 
in mantled howler monkeys. Horm Behav 94:13–20

Dunham NT, Opere PO (2016) A unique case of extra-group infant adop-
tion in free-ranging Angola black and white colobus monkeys (Colo-
bus angolensis palliatus). Primates 57:187–194

Estrada A, Paterson J (1980) A case of adoption in a captive group of 
Mexican spider monkeys (Ateles geoffroyi). Primates 21:128–129

Estrada A, Garber PA, Rylands AB, Roos C, Fernandez-Duque E, Di 
Fiore A, Nekaris KA, Nijman V, Heymann EW, Lambert JE (2017) 
Impending extinction crisis of the world’s primates: Why primates 
matter. Sci Adv 3:e1600946

Estrada A, Garber PA, Mittermeier RA et al (2018) Primates in peril: 
the significance of Brazil, Madagascar, Indonesia and the Demo-
cratic Republic of the Congo for global primate conservation. Peer 
J 6:1–57

Foster KR, Wenseleer T, Ratnieks FLW (2016) Kin selection is the key 
to altruism. Trends Ecol Evol 21:57–60

Hothorn T, Bretz F, Westfall P (2008) Simultaneous inference in general 
parametric models. Biometr J 50:346–363

Izawa K (1989) The adoption of an infant observed in a wild group of red 
howler monkeys (Alouatta seniculus). In: Izawa K (ed) Field studies 
of New World monkeys, La Macarena, Colombia. Japan Colombia 
Cooperative Study of Primates, Bogotá, pp 33–36

Kouba M, Bartoš L, Šindelář J, Šťastný K (2017) Alloparental care 
and adoption in Tengmalm’s owl (Aegolius funereus). J Ornithol 
158:185–191

Link A, Palma AC, Velez A, de Luna AG (2006) Costs of twins in free-
ranging white-bellied spider monkeys (Ateles belzebuth belzebuth) 
at Tinigua National Park Colombia. Primates 47:131–139

Pavé R, Kowalewski MM, Zunino GE (2010) Adoption of an orphan 
infant in wild black and gold howler monkeys (Alouatta caraya). 
Mastozool Neotrop 17:171–174

Podgaiski LR, Jardim MMA (2009) Early behavioral development of a 
free-ranging howler monkey infant (Alouatta guariba clamitans) in 
southern Brazil. Neotrop Primates 16:27–32

Printes R (1999) The Lami Biological Reserve Rio Grande do Sul Brazil 
and the danger of power lines to howlers in urban reserves. Neotrop 
Primates 4:135–136

R Core Team (2018) R: a language and environment for statistical com-
puting R foundation for statistical computing. CRAN R project 
Organization, Vienna, Austria

Riedman ML (1982) The evolution of alloparental care and adoption in 
mammals and birds. Quart Rev Biol 57:405–435

Righini N, Garber PA, Rothman JM (2017) The effects of plant nutri-
tional chemistry on food selection of Mexican black howler monkeys 
(Alouatta pigra): the role of lipids. Am J Primatol 79:1–15

Schneider E, Hunter L, Horwich R (1999) Adoption of a young juve-
nile in black howler monkeys (Alouatta pigra). Neotrop Primates 
7:47–51

Thierry B, Anderson JR (1986) Adoption in anthropoid primates. Int J 
Primatol 7:191–216

West-Eberhard MJ (1975) The evolution of social behavior by kin selec-
tion. Quart Rev Biol 50:1–33

Publisher’s Note Springer Nature remains neutral with regard to 
jurisdictional claims in published maps and institutional affiliations.

https://doi.org/10.17632/z2syyjdv8h.3
https://doi.org/10.17632/z2syyjdv8h.3

	Successful adoption of an orphan infant in a wild group of brown howler monkeys
	Abstract
	Introduction
	Methods
	Study site and group
	Field observations
	Data analysis

	Results
	Description of Victorio’s adoption
	Sofia’s and the adult male’s activity budgets and diets

	Discussion
	Acknowledgements 
	References




