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Abstract Parental care in mammals is influenced by

sensory stimuli from infants, such as sight and sound, and

by changes in the hormone levels of caretakers. To deter-

mine the responsiveness of common marmoset (Callithrix

jacchus) adult males with and without previous experience

in caretaking to newborn sensory cues, we exposed twelve

males to infant vocalization recordings and assessed their

hormonal and behavioral responses. Males were placed in

the testing cage for 10 min under two conditions: (a) con-

trol condition (exposure to adult conspecific vocalization

recordings), and (b) experimental condition (exposure to

infant vocalization recordings). We recorded the frequency

of approach towards the sound source, the time spent near

it and locomotion frequency of males in the cage under

both conditions. Blood samples were collected after each

test for cortisol, measured by the enzyme immunoassay

method. Infant vocalization affects the behavioral and

hormonal responses of non-reproductive male common

marmosets. All males approached and spent more time near

the sound source and showed an increase in locomotion

during infant vocalization exposure compared to the con-

trol condition. Successive exposure to infant vocalization

increased the responsiveness in inexperienced males.

Cortisol levels were significantly higher following infant

vocalization exposure compared to the control condition.

These findings support the assumption that sound stimuli

from the newborn are critical in initiating and maintaining

caretaker responsiveness and that cortisol seems to be

important for alertness to sensory stimuli, modulating their

motivation to interact with infants.
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Introduction

Caretaking by one or both parents is critical for the survival

and development of infants in most vertebrate species

(Trivers 1972). This behavioral pattern can be classified as

direct (cleaning, grooming, feeding, carrying) and indirect

(nest building, territorial defense) (Snowdon and Soini

1982; Clutton-Brock 1991) and can be exhibited by one or

both parents. Among mammals, paternal care is relatively

uncommon and has been observed in carnivores, rodents,

and primates (Kleiman and Malcolm 1981; Moehlman and

Hofer 1997; Solomon and Getz 1997).

In non-human primates such as Aotus trivirgatus (Dix-

son and Fleming 1981) and Callicebus moloch (Hoffman

et al. 1995), males participate in infant carrying, food

sharing, and their socialization. Similarly, in marmosets

and tamarins, small New World primates belonging to the

Callitrichidae family (Goldizen 1987), reproductive males

in the social group show extensive parental care. Moreover,

the older offspring living with their social group also par-

ticipate in infant carrying, which characterizes alloparental

care (Tardif 1997; Bales et al. 2000).

Callitrichid groups are formed by a breeding pair, their

offspring and non-related individuals (Ferrarri and Digby

1996). They are described as cooperative breeders, with all

members of the social unit participating in infant care,

(Yamamoto 1993; Tardif 1997; Washabaugh et al. 2002),
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which is related to the costs of carrying behavior, partic-

ularly for adult females regarding the high litter—maternal

weight ratio at birth, post-partum estrus (Epple 1970;

Dixson and Lunn 1987; Ziegler et al. 1996), and lactation.

By taking part in caretaking, animals may have several

benefits, such as inclusive fitness, by investing in a relative,

breeding status acquisition, and learning parental skills

(Emlen 1991; Price 1992; Snowdon 1996; Bales et al.

2000).

The strongest factor that influences caretaking is previ-

ous caretaker experience. In Macaca mulata and Callicebus

moloch, experienced animals retrieved infants quicker than

did inexperienced ones (Gibber and Goy 1985; Hoffman

et al. 1995). In callitrichids, Snowdon (1996) showed a

decrease in the parental success of male and female cotton-

top tamarin (Saguinus oedipus) without previous parenting

experience. Additionally, Ingram (1977) and Pryce (1993)

found an increase in infant carrying participation in expe-

rienced caretakers in Callithrix jacchus. Experienced

mothers were more responsive to infants and showed an

increase in infant survival rate.

Further evidence of caretaker responsiveness comes

from a process called sensitization (Rosenblatt 1967),

where the animals are continuously exposed to infants. In

mammals, the somatosensory stimuli of infants such as

sight, scent, and sound can modify the behavioral and

hormonal components of parental care in males and females

(Rosenblatt et al. 1979; Poindron and Le Neindre 1980;

Fleming et al. 1997). From this perspective, the experience

that animals acquire from interacting with related newborns

has important long-term consequences, such as reduced

latency in the display of parental behavior toward their own

offspring (Fleming and Sarker 1990) and decrease in the

occurrence of aversive behaviors, such as rejection or

infanticide, as observed in male rodents (Elwood and

Kennedy 1991; Huck et al. 1982). Thus, the behavioral

response of reproductively naive caregivers is modulated by

exposure to unknown offspring, which seems to be related

to the recognition of sensory cues from newborns.

Some studies have investigated the male motivation to

care for infants in marmosets (Roberts et al. 2001a; Ziegler

et al. 2009; Saito et al. 2011). Roberts et al. (2001a) noted

an increase in the rate of recovery, from 29 % on the first

day of exposure to 59 % by the fourth day of exposure to

infants, for inexperienced male marmosets. In addition,

Saito et al. (2011) applied an infant-retrieval test in which

an infant is presented to the subject to evaluate their

motivation to care. Older siblings took a significantly

longer time to retrieve infants than fathers during the first

few days, but their latency became the same as that of

parents in the 8-day test period. In both studies, successive

exposure to sensory stimuli from newborns appeared to

play a role in sensitizing males to caregiving behavior.

With respect to sound stimulation, non-reproductive

male responsiveness to infant vocalization and infant cues

as a possible releaser of caretaking or other solicitous

behavior from parents was not well investigated. However,

in C. jacchus, Zahed et al. (2008) tested the fathers and non-

father responsiveness to infant vocalizations. Fathers were

significantly more responsive to the unfamiliar infants and

infant vocalizations than the inexperienced males. Addi-

tionally, experienced fathers showed significantly shorter

latencies in entering the stimulus cage than the inexperi-

enced males. Thus, experience has also been identified as an

important factor regulating parental caregiving behavior

among callitrichid primates. In females, some authors

evaluated the behavioral response of female non-human

primates to the vocalization of their own infants and also to

unrelated individuals to determine whether they could dis-

tinguish between them (Kaplan et al. 1978; Jovanic et al.

2000; Shizawa et al. 2005). For instance, female squirrel

monkeys (Saimiri sciureus; Symmes and Biben 1985) and

Barbary macaques (Macaca sylvanus; Hammerschmidt and

Fischer 1998) that recognized their infant call spent more

time near the sensory stimuli when visual contact was

constrained. Pryce et al. (1993) used an operant condition-

ing paradigm to train adult female marmosets to press a bar

in order to simultaneously (1) gain visual access to a replica

of an infant marmoset and (2) turn off an audio tape

recording of infant distress vocalizations. Rates of bar

pressing by first-time pregnant females were higher during

late pregnancy and the early postpartum period than during

early to mid-pregnancy. The authors suggest hormonal

changes occurring during late pregnancy increase maternal

responsiveness in common marmosets.

Infant stimuli also promote changes in the hormonal

response of caregivers in callitrichids. Prolactin effects on

parenting behavior have been examined both within the

family and outside of the family context. Dixson and

George (1982) demonstrated that high levels of prolactin

were associated with carrying by fathers. Mota et al. (2006)

and Mota and Sousa (2000) also found that prolactin levels

increased after carrying infants in both fathers and older

offspring. In other study, the influence of prolactin on male

motivation was investigated in parentally inexperienced

common marmosets using a prolactin antagonist (bromo-

criptine). Bromocriptine treatment eliminated infant

retrieval in four of the eight marmosets and was associated

with significantly increased retrieval latencies and signifi-

cantly reduced carrying durations in the four monkeys that

continued to retrieve following bromocriptine treatment

(Roberts et al. 2001b). In humans, prolactin levels of

fathers increase close to the birth of infants and remain

high after parturition (Storey et al. 2000). Moreover, high

prolactin levels were associated with responsiveness to

infant cries (Fleming et al. 2002).
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Mammalian hormones such as cortisol and corticoste-

rone have been related to parental care (humans: Fleming

et al. 1997; Storey et al. 2000; rats: Rees et al. 2004) and

the social bond between breeding pairs (rodents: Carter

1988; Carter and Altemuss 1997). In humans, mothers with

high levels of cortisol during the postpartum period phys-

ically interact more with their baby, and are more

responsive to their crying and odors (Fleming and Ander-

son 1987; Fleming et al. 1997; Stallings et al. 2001). In

meerkats (Suricata suricatta), males showed an increase in

cortisol during infant care (Carlson et al. 2006), whereas in

callitrichids cortisol levels were either reduced (Callithrix

kuhlii: Nunes et al. 2001) or unchanged (Saguinus oedipus:

Ziegler et al. 1996). However, the role of cortisol in

parental care in males is poorly understood.

In family groups, parents and siblings are highly inter-

ested in newborns and infants and seem to compete for

infant care (Yamamoto and Box 1997). In this scenario,

male responsiveness to infants may be affected by the

social environment. Therefore, the aims of this study were:

(a) to evaluate whether the hormonal (cortisol) and

behavioral responses change in non-reproductive adult

male common marmosets (Callithrix jacchus) when

exposed to infant vocalization repeatedly, and (b) to

determine if previous experience in alloparental care

influenced the hormonal levels and behavioral response of

males when exposed to infant vocalization.

Methods

Animals

Twelve non-reproductive adult male common marmosets

(Callithrix jacchus), were used. The males ranged in age

from 21 to 48 months at the time of testing. All animals

were captive-born and housed in the breeding colony of the

Physiology Department of Universidade Federal do Rio

Grande do Norte, Natal-RN, Brazil (05�460S 35�120W). All

animals were categorized as either experienced or inex-

perienced in alloparental care, based on the number of

younger siblings with which they lived previously. Six

males were experienced in alloparental care: four of them

experienced with 1 set of infants and two others with 2 sets

(mean ± SEM: 3 ± 1 sets of younger siblings). The other

six males had no previous experience in alloparental care.

The age of the experienced males ranged from 32 to

48 months while the inexperienced ones ranged from 21 to

38 months. No difference was found in age between the

experienced and inexperienced groups (independent t-test:

t = 1.98, P = 0.56).

They were previously housed with their family groups

and 3 months before the experiment start, males were

removed from their cages and individually housed. Each

animal stayed in wire mesh and brick wall outdoor cages

measuring 2.00 9 1.00 9 2.00 m under natural light–

dark cycles. The animals in the same colony room were

denied visual contact but retained olfactory and auditory

contact with neighboring enclosures. The animals were

fed twice a day around 9:00 am with a protein mixture

(powdered milk, corn syrup, eggs, bread, soy bean pro-

tein, and bone flour supplemented with vitamins A, D,

and E) and around 2:00 pm with a portion of regional

tropical fruits. Each animal also received an iron and

vitamin complex supplement (2 ml) mixed in milk after

blood samples were collected. The supplement was

administered orally.

Experimental procedure

This study compared the behavioral pattern and hormonal

profile of animals under two conditions: (a) control con-

dition (exposure to unrelated adult animal vocalization of

the same species) and (b) experimental condition (exposure

to unrelated infant vocalization recordings).

Vocalization recording

To obtain the infant stimuli, 15- to 22-day-old infants

(n = 4) were temporarily removed from their family

group on a carrier for brief intervals of 15–20 min. Each

infant was placed into an wire mesh cage

(1.00 9 0.68 9 1.00 m) located in a separate room with

no auditory, visual or olfactory cues from other mar-

mosets. We recorded the infant cry calls (phee calls)

produced by four male infants. Phee calls are high-pit-

ched distress calls, produced in a clear social context

(isolation) and are easily elicited (Miller and Wang

2006). After recording, the infant was then returned to

the carrier in the nest box and returned to the family

group. To obtain the adult vocalization recordings, 30- to

40-month-old males (n = 4) were temporarily removed

from their home cage and placed in the test cage

(1.00 9 0.68 9 1.00 m) located in the same room that

was used to record infant vocalizations. We recorded the

phee calls produced by an isolated animal in the test

cage. After recording, the animals returned to their home

cages. The vocalizations of infants and adults were

collected with a professional recorder (Marantz PMD 30)

connected to a Sennheiser (Sennheiser ME 80) (fre-

quency range 50–15,000 Hz) unidirectional microphone.

There was no reverberation in the recording environ-

ment. The recordings were conducted at a distance of

0.5 m from the subjects. Prior to each recording session,

animals were allowed to habituate to the presence of an

observer and recording equipment.
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Vocal stimuli response tests

On test days, subjects were removed from their home cages

in their nest box and placed in a test cage

(1.00 9 0.68 9 1.00 m) located in a soundproof room

with no auditory, visual or olfactory cues from other

marmosets of the colony, except the specific stimuli pro-

vided for the test. They were habituated to the test envi-

ronment for 10 days. To determine the responsiveness of

non-reproductive males to sensory stimulation, adult and

infant vocalizations were played back using a portable

recorder (Philips MCM148/55) located approximately

0.5 m from test cage and covered with a cloth to prevent

animal visualization. The sound pressure level of stimulus

presentation was 50 dB SPL. The males had no experience

of hearing the voice of stimulus animals.

Each animal was exposed to infant and adult vocalization

recordings twice a week (Tuesday and Friday), over a period

of 4 consecutive weeks, with a total of four tests for each

subject in each condition. Thus, each male was exposed 4

times to infant vocalization and adult vocalization record-

ings. However, each male was presented to four infant

stimuli, so each stimulus was presented once. In a 10-min

interval, the stimulus was presented 4 times for 1 min with a

2-min interval between them, totaling 4 min of vocalization

recording exposure. The order of stimulus presentation

(whether the ‘‘vocalization’’ was an infant or adult) was

alternated. Behavioral observations were conducted during

the tests for 10 min between 10:00 and 11:30 am by con-

tinuous focal sampling, and the behavioral variables recor-

ded are shown in Table 1. All the observation sessions were

made through a one-way mirror window by one observer and

the behavioral data were collected on check sheets.

Blood collection

Blood sample collection was carried out twice a week

starting 2 weeks before the test to evaluate basal cortisol

levels. During the tests, blood samples were collected

immediately after the behavioral observation in both con-

ditions (control and experimental) to evaluate the cortisol

response of male common marmoset to vocal stimulus. All

blood samples (0.5 ml) were collected by femoral veni-

puncture. A 1-ml heparinized syringe (Liquemine, Roche

Pharmacy Laboratory) was attached to a 27.5G needle.

Before blood collection, the subjects were habituated to the

capture and handling procedure in order to diminish their

stress responsiveness to the restraint situation. The animals

were held using a gloved hand and were removed from the

cage twice a week. They were placed in a restraint device for

small primates (Hearn 1983), and blood samples were

obtained. Using this procedure, it was possible to have blood

samples within 80–150 s after handling the subjects. Fol-

lowing each procedure, the animals received an iron sup-

plement and additional vitamins and were rewarded with

sweet milk. After this, samples were then centrifuged for

10 min at 3,000 rpm and the plasma was stored at -20 �C.

Cortisol assay

The analysis was run at the Hormonal Measures Laboratory

in the Physiology Department of the Universidade do Rio

Grande do Norte, Natal-RN, Brazil. Cortisol plasma levels

were determined using an enzyme immunoassay (EIA).

The technique was performed according to the protocol

developed by Munro and Stabenfeldt (1984) and modified

by the Wisconsin Regional Primate Research CTR. Intra-

assay and inter-assay coefficients of variation were 1.56

and 5.49 % for low pool and 1.57 and 3.54 % for high

pool, respectively. Serial dilutions of marmoset-pooled

plasma were used to demonstrate parallelism (no difference

between slopes, t = -1.50, P [ 0.05) and accuracy was

91.7 ± 5.4 %, n = 12.

Statistical analyses

Before statistical analysis was carried out, both behavioral

and hormonal data were evaluated with respect to their

normal distribution, and a log transformation was performed

for behavioral data. Parametric statistical analyses were

conducted. To evaluate the effect of conditions (infant or

adult vocalization) and previous experience (experienced vs

inexperienced) on the behavioral data of non-reproductive

marmoset males, a two-way analysis of variance (ANOVA)

with post hoc Tukey test was used. Cortisol levels were

evaluated by ANOVA with post hoc Tukey test using testing

conditions (basal vs infant vocalization vs adult vocaliza-

tion) as within group factors and experience (experienced vs

inexperienced) as between group factors. Additionally, the

effect of successive exposures to vocal stimuli (exposure

days) on the behavioral and hormonal data of non-repro-

ductive marmosets was analyzed using an ANOVA (post hoc

Table 1 Behavioral categories recorded

Behavior Definition

Locomotion The cage was divided into 22 quadrants of 23 cm

each and the frequency of movement by the focal

animal between two quadrants was recorded as 1

movement

Scent marking Frequency of rubbing the anogenital region on a

cage surface

Approach and

leaving

Frequency of going towards and away from the

sound source from an imaginary boundary of

50 cm for more than 3 s

Proximity Time spent within 50 cm of the sound source for

more than 3 s
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Tukey test). The Pearson correlation test was used to eval-

uate the relationship among behavioral variables and plasma

cortisol levels. P values B0.05 were considered significant.

Results

The behavioral pattern of non-reproductive adult males was

significantly influenced by exposure to infant vocalization.

A comparison between both conditions (infant or adult

vocalization) revealed that all males approached and spent

more time near the sound source and showed an increase in

locomotion during infant sound exposure compared to the

control condition (ANOVA: approach F1,46 = 18.62,

P = 0.002; proximity time F1,46 = 16.98, P = 0.004;

locomotion F1,46 = 12.11, P = 0.008) (Fig. 1a, b). No

difference was found for leaving and scent marking fre-

quency, respectively (ANOVA: F1,46 = 2.21, P = 0.123;

F1,46 = 1.32, P = 0.225).

No interaction was found between experimental condition

and previous experience (ANOVA: locomotion

F1,46 = 1.51, P = 0.162; approaches F1,46 = 1.98,

P = 0.902; scent mark F1,46 = 1.46, P = 0.234; leaving

F1,46 = 1.76, P = 0.786; proximity time F1,46 = 0.78,

P = 0.392).

Evaluating the effect of successive exposure (days) to

infant vocalization on the behavioral response of males,

significant difference was found for frequency of approaches

to the sound source only in inexperienced males (ANOVA:

F3,30 = 5.50, P = 0.038) (Fig. 2). We found a significant

interaction between days of exposure to infant vocalization

and prior experience for frequency of approaches (ANOVA:

F3,30 = 4.50, P = 0.041). The inexperienced males

approached more frequently on the 4th day of exposure to

infant vocalization, compared to the 1st day (ANOVA:

F3,30 = 3.20, P = 0.024; Fig. 2). The other observed

behaviors did not vary with successive days of exposure to

the newborns (ANOVA: scent marking F3,30 = 1.50,

P = 0.256, proximity time F3,30 = 2.65, P = 0.081, loco-

motion F3,30 = 2.50, P = 0.095, leaving F3,30 = 2.70,

P = 0.095). No interaction was found between days of

exposure to infant vocalization and previous experience for

leaving (ANOVA: F3,30 = 1.10, P = 0.332), scent marking

(F3,30 = 1.55, P = 0.225), proximity time (F3,30 = 2.57,

P = 0.253) and locomotion (F3,30 = 1.28, P = 0.093). No

difference was found in the behavioral response of males

between days of exposure to adult vocalization (control

condition) (ANOVA: approaches F3,30 = 1.70, P = 0.353;

scent marking F3,30 = 1.67, P = 0.201, proximity time

F3,30 = 2.75, P = 0.11, locomotion F3,30 = 2.40,

P = 0.095, leaving F3,30 = 2.60, P = 0.45).

Hormonal response

The comparison of the mean cortisol levels of males

between the conditions tested (basal vs adult vocalization

Fig. 1 Frequency (a) and mean time (b) (X ± SEM) of behaviors

exhibited by nonbreeding adult male marmoset, Callithrix jacchus,

when exposed to adult vocalization (white bar) and infant vocaliza-

tion (black bar). Asterisks indicate statistical difference, P B 0.05

(ANOVA, P B 0.05)

Fig. 2 Frequency (X ± SEM) of approaches exhibited by experi-

enced and inexperienced adult male marmosets, Callithrix jacchus,

during days of exposure to infant vocalizations. Asterisks indicate

statistically significant differences between the 4th day of exposure to

infant vocalizations, compared to the 1st day (repeated-measures

ANOVA, P B 0.05)
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vs infant vocalization) showed that highest cortisol levels

were found after infant vocalization presentation

(ANOVA: F2,92 = 2.86, P = 0.041, post hoc Tukey test,

P \ 0.050; Fig. 3). No interaction was found for plasma

cortisol between the conditions and previous experience

(ANOVA: F2,92 = 2.25, P = 0.111). No significant dif-

ference in cortisol levels was found for experienced males

(ANOVA: F3,30 = 1.55, P = 0.091) and inexperienced

males (ANOVA: F3,30 = 1.93, P = 0.104) between days

of exposure to newborns (Fig. 4). In addition, no interac-

tion was found for plasma cortisol between the exposure

days and previous experience (ANOVA: F2,92 = 2.25,

P = 0.132). There was also no correlation between

behavioral variables and plasma cortisol levels in adult

males (Pearson correlation test: locomotion r = 0.21;

P = 0.256; approaches r = 0.30; P = 0.205; scent mark

r = 0.18; P = 0.272; proximity time r = 0.39; P = 0.10;

leaving r = 0.11; P = 0.306).

Discussion

It can be concluded that infant vocalization affects the

behavioral and hormonal responses of non-reproductive

male common marmosets. The increase in approach fre-

quency, time spent near the sound source and locomotion

during sound presentation suggest an interest and motiva-

tion on the part of males to interact with the infant. These

findings support the assumption that sensory cues from

newborn are critical in initiating and maintaining caretaker

responsiveness.

The use of a vocal stimulus compared to a live infant has

many advantages. For example, removing an infant from

its family and using it as a stimulus could be stressful to the

infant (Pryce et al. 2002). In addition, vocal recordings can

be used repeatedly, serving as novel stimuli for multiple

males. Our study showed that males looked under the

portable recorder attempting to find the ‘‘infant’’. These

behaviors indicate that recorded vocal stimuli of an infant

are as salient a signal as the live infant.

Infant stimuli, particularly crying, are considered to be

distress signals that originally evolved, along with other

attachment behaviors, to promote proximity to or contact

between infants and their caregivers (Kaplan et al. 1978).

Thus, close proximity between the caregiver and infant

plays a role in infant protection against predators in a

dangerous environment. Thus, the vocalization emitted by

an infant when it loses sight of its parents is useful for

estimating infant requirements for parental care. Moreover,

the parental responsiveness to signals from infants is

important for understanding the proximate regulation of the

parent–infant relationship and their evolutionary dynamics.

In this sense, infant vocalization usually communicates

an affective state and leads to an immediate response from

the caretaker (Kaplan et al. 1978). For example, Elowson

et al. (1998) showed that pygmy marmoset (Callithrix

pygmaea) caretakers approached and picked up infants

more when they were vocalizing (babbling) than when they

were not. Jovanic et al. (2000) used a playback experiment

to demonstrate that rhesus macaque (Macaca mulatta)

mothers were responsive to infant vocalization and were

able to recognize their own infant’s call. A similar response

was obtained in Japanese macaque (Macaca fuscata)

mothers by Shizawa et al. (2005). These findings support

the assumption that vocal stimulus is important for

Fig. 3 Plasma cortisol levels (mean ± SE) of experienced and

inexperienced males in the basal condition (gray bar) and when

exposed to adult vocalizations (white bar) and to infant vocalization

recordings (black bar). Asterisks indicate statistical difference,

P B 0.05 (dependent t test)

Fig. 4 Plasma cortisol levels (ng/ml) (mean ± SE) of experienced

and inexperienced adult male marmosets, C. jacchus, over days of

exposure to infant vocalization (repeated-measures ANOVA,

P B 0.05)
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caretaking behavior elicitation in mothers and other care-

takers such as the non-reproductive male common mar-

moset used in our study.

Another important point concerning caretaking behavior

is previous infant care experience. Data from Epple (1975)

showed a decrease in survival of the first set of infants in

inexperienced female saddle-back tamarins (Saguinus

fuscicollis). According to the author, an increase in moti-

vation to carry and the type of social environment experi-

enced by animals during development may be as important

as direct infant carrying experience in learning parental

skills. A similar trend was found in female cotton-top

tamarins, but not in marmosets (Tardif et al. 1984). With

respect to non-reproductive animals, no difference was

found in carrying bout duration and retrieval frequency

between subadult cotton-top tamarins previously exposed

to infants and inexperienced individuals (Tardif et al.

1992). Some studies have shown that experienced fathers

spend more time carrying their infants than do first-time

fathers (Callithrix kuhli: Nunes et al. 2001; Saguinus

oedipus: Ziegler et al. 2000, 2004). In addition, experi-

enced adult male marmosets exhibit a greater frequency of

infant-directed behavior when compared with inexperi-

enced males in response to unfamiliar infant vocalizations

(infant distress calls) (Callithrix jacchus: Zahed et al.

2008). Our study showed that non-reproductive males,

regardless of previous experience in infant care, showed a

strong behavioral response to infant vocalization by

increasing stimuli-directed behaviors (i.e. approaching, and

staying close to the sound source). It seems that caretaker

exposure to infants while living with their family group as

a sibling or parent is important for positive reinforcement

of parental skills acquisition. Accordingly, vocalization

might be related to hunger, pain, decreased body temper-

ature or separation from the mother or another caretaker.

Thus, in cooperative breeding systems, all individuals of a

social unit are responsive to infant vocalization, a behavior

that may be a critical adaptation for infant survival, espe-

cially in the field where the predation risk is much higher

than in captivity.

In humans, fathers exposed to an infant cry recording

showed a strong and immediate response to related and

unrelated infant cries compared to inexperienced fathers.

Experienced fathers exposed to sound stimulus were more

sympathetic and alert (Fleming et al. 2002). Common

marmoset males were very responsive to newborn vocal

stimuli, a behavior that may be related to maintaining

proximity and the caretaker–infant interaction during early

development. Despite the influence of previous experience

on the behavioral pattern of caretakers in callitrichids and

other primate species, in the present study no response

difference was found between experienced and non-expe-

rienced individuals to infant vocalization. Males were

interested and motivated to socially interact with the infant

stimuli, regardless of caretaking experience, suggesting

that experience is important but not essential to caretaker

responsiveness to infant vocalization in common

marmosets.

However, we observed a change in the responsiveness of

inexperienced males over successive days of exposure to

infant vocalization. The inexperienced males approached

more frequently on the 4th day of exposure to infant

vocalization, compared to the 1st day. In a recent study, we

observed a change in the responsiveness of inexperienced

males over successive days of exposure to newborns.

Inexperienced males carried newborns for longer periods

on the 4th day of exposure, compared to the 1st day

(Barbosa and Mota 2013). In both studies, successive

exposure to sensory stimuli from newborns appeared to

play a role in sensitizing inexperienced males to caregiving

behavior. According to Rosenblatt (1967), continued

exposure to the sensory cues of newborns would be the

main element in triggering parental behavior, which is not

modulated by circulating hormones.

Regarding the hormonal profile of males in the current

study, we found an effect of sensory stimulus on cortisol in

response to infant vocalization exposure. Cortisol levels

were significantly higher following infant vocalization

exposure compared to the control condition. These findings

support the assumption that sound stimuli from newborn

are critical in initiating and maintaining caretaker respon-

siveness and that cortisol seems to be important for alert-

ness to sensory stimuli, modulating their motivation to

interact with infants. However, the marmosets exhibited

larger concentrations of cortisol, although not significant,

when individuals were exposed to vocalizations from

unfamiliar conspecifics. Rukstalis and French (2005)

demonstrated that marmosets removed from their home

cage and exposed to unfamiliar marmoset vocalizations

showed significantly higher levels of urinary cortisol than

when exposed to a familiar pair mate’s vocalization or to

no auditory stimuli. In our study, cortisol levels were

influenced by infant vocalization, suggesting an increased

vigilant state that may be important in affiliative

interaction.

In a previous study, we observed an increase in plasma

cortisol levels after exposure to newborns in sealed

enclosures when compared to open box and to control

conditions (without an infant) (Barbosa and Mota 2013).

Given that under this experimental condition adult males

could only see the newborn and not touch or smell it, the

increased hormonal response suggests a physiological

reaction to the stress of experiencing restricted access to

the newborn. However, Fleming (1993) found an increase

in cortisol levels after women were exposed to the body

odor of their infants. Mothers with the highest cortisol
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levels were also better able to recognize their infants’ body

odors. Corroborating these findings, Carter (1988) and

Fleming et al. (1993) associated cortisol with mother–

infant attachment and social bond formation (Carter 1988),

respectively. This finding suggests that cortisol may be

related to a state of alertness, causing males to be more

aware and more responsive to infant cues. In marmosets,

both mothers and fathers show hormonal changes during

pregnancy, after parturition of their mates, and after

smelling infant odors (Torii et al. 1998; Nunes et al. 2001;

Schradin and Anzenberger 2004; Ziegler et al. 2011).

Prudom et al. (2008) found that fathers exposed to isolated

scents of their infant displayed a significant drop in serum

testosterone levels within 20 min after exposure, whereas

parentally naive males did not. In addition, fathers with

decreased testosterone have a greater need to respond to

infant stimuli compared with non-fathers or males who did

not have offspring of their own, when tested with infant

cries (Fleming et al. 2002).

High circulating cortisol levels appear to enhance

arousal and responsiveness to infant stimuli in inexperi-

enced female primates, but interfere with the expression of

maternal behavior in experienced females (Bardi et al.

2003; Saltzman and Maestripieri 2011). In free-ranging

yellow baboons (Papio cynocephalus), inexperienced

females with high fecal glucocorticoid levels were subse-

quently more responsive to their infants’ distress cries,

during the first 8 weeks post-partum, than those with lower

glucocorticoid levels (Nguyen et al. 2008). In contrast, high

cortisol levels are associated with diminished maternal

behavior in experienced female marmosets (Saltzman and

Abbott 2009). In our study, cortisol levels of experienced

and inexperienced males did not change between days of

exposure to infants, nor were they associated with

responsiveness to infants. The values reported in our study

were moderate relative to those reported in other common

marmoset studies (Mota et al. 2006; Nunes et al. 2001).

Although our understanding of the neuroendocrine corre-

lates of maternal primates has grown in the last two dec-

ades, very little is known about the factors that influence

the responsiveness of males to infant stimuli.

In conclusion, we found that the exposure of non-

reproductive males to infant vocalization recordings seems

to be an effective tool for evaluating their behavioral and

hormonal response to somatosensory cues from newborns.

Males behaved positively towards infant vocal signaling,

which may affect their motivational state to interact with the

stimulus. The association between behavioral response and

cortisol levels suggests that cortisol may lead to an alert

state, important for recognizing somatosensory information

during infant–caretaker interaction. Future studies would do

well do to compare three conditions (adult vocalization,

infant vocalization and a neutral one) since the exposure to

adult vocalization can be interpreted as a threat. Thus,

further investigation into the role of infant vocalization and

its role in regulating parental hormones is needed.
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