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Abstract

Bottlenose dolphins live in fission-fusion societies, characterized by frequent changes in group size and composition 

and long-term social relationships. As part of a longitudinal study of mother-calf behavior of wild Indian Ocean 



bottlenose dolphins (Tursiops, sp.) in Shark Bay, Australia, we studied the context, behavior and characteristics of 

mother-calf separations at close (>2m<10m), moderate (≥10m<50m) and far (≥50m) distances. While calves are 

physically precocious at birth, they exhibit a prolonged period of dependency and typically nurse for three to six 

years. Using focal follows of 77 calves observed between 1989 and 2005, we investigated developmental changes in 

calf behavior during separations. In the first year (4-11 months), calves spent approximately one-third of their time 

separated (>2m) from the mother. The overall time calves spent separated did not change from year one to year three 

(ANOVA: F2,21=1.12, P=0.335, N=23).  But, the time spent at far distances tended to increase from year one to 

year two (Bonferroni: T=-3.571, P=0.160, N=23) while the time spent at close distances decreased over all three 

years (ANOVA: F2,21=5.819, P=0.006, N=23). Further, over all three years males spent more time at far distances 

from their mothers than females (ANOVA: F2,21=11.227, P=0.003, N=23). This may be attributed to the fact that 

males are weaned at earlier ages than females, although both suggest that males are more independent. During far 

distance separations, males socialized more than females (Mann-Whitney U test: U=272.5, P=0.048, Nmale=27, 

Nfemale=29) and females foraged more than males (Mann-Whitney U test: U=254, P=0.024, Nmale=27, 

Nfemale=29). At closer distances, no sex differences were apparent. These differences in activity at far distances 

might serve as precursors to the sex-specific adult reproductive strategies. While traveling far potentially increases 

energy expended and risk of shark attack, calves that separate may benefit from increased social and foraging 

experience and allow mothers to forage more efficiently.



Introduction

Behavioral studies of primates and cetaceans offer a glimpse into the lives of highly complex species. In particular, 

those species with well developed cognitive abilities and correspondingly complex social structures can be compared 

with humans to provide insights regarding evolutionary mechanisms of change and development. Although primate 

comparative research is commonplace, delphinid social, cognitive, and life history patterns are remarkably similar, 

offering insights into convergence of these evolutionary features.  Further, the differences between primates and 

cetaceans are vast in terms of morphology and phylogenetic history, yet the convergence of social behavior in 

particular is striking (e.g. Whitehead & Mann 2000, Marino 2002).  Historically, population-level studies of a 

species were common.  More recently, animals are recognized as individual strategists that differ depending on 

genetic, social, experiential, ecological or other interacting factors. Focal follow research has been the standard in 



animal behavior since the 1970s (Altmann 1974). While this method began with non-human primates, cetacean 

researchers have only recently adopted these methods of research (Connor et al. 2000a). Individual differences in 

behavior are key to unraveling the dynamic social interactions found in cetaceans.  By locating, identifying and 

selectively following individuals, researchers are better able to understand the patterns, both stable and fluid, of 

association among group members. The focus of this particular investigation is a subset of the population of wild 

bottlenose dolphins of Shark Bay, Western Australia. A longitudinal field study of the behavior and life histories of 

these dolphins has been in effect for over two decades including a mother-infant study since 1988 (Mann & Smuts 

1998), and it continues to provide valuable data in cetacean research. The waters of Shark Bay are relatively clear and 

shallow enabling both surface and some underwater observation of behavior. Further, before the initiation of the 

research and continuing through to today, the small fishing camp of Monkey Mia engages in provisioning of a select 

number of dolphins and has flourished into a popular tourist site. Thus, researchers have taken advantage of the close 

proximity to land and the dolphins’ relative habituation to humans and small boats for more detailed observations. As 

part of the ongoing study of the dolphins at Monkey Mia, researchers continue to investigate and understand the 

complexities of the mother-calf relationship, particularly concerning calf development and mother-calf separations.  

Despite the similarities between primates and cetaceans, bottlenose dolphin calves maintain a number of 

distinct differences.  Unlike primates, dolphin calves travel far distances from the mother at very young ages, 

providing the opportunity to study individual calf differences and calf behavior independent from the mother’s 

behavior.  We aim to better understand the patterns of association and separation from the mother, possible benefits 

for such separations, and individual strategies.
Fission-fusion society

Bottlenose dolphins live in fission-fusion societies, meaning that group size and composition changes 

throughout the day, but they also maintain long-term relationships and preferred associations within the larger 

community. The two largest long-term bottlenose dolphin studies are in Sarasota, Florida and Shark Bay, Western 



Australia.  These and some shorter-term studies have found that males preferentially associate with other males by 

forming stable alliances (Wells et al. 1987, Connor et al. 1992, Owen et al. 2002).  Some alliances are made up of 

closely related males (Parsons et al. 2003) while others have generally unrelated male associations (Möller et al. 

2001).  Still, alliances have not been found at other sites (Lusseau et al. 2006). Conversely, females have been found 

to vary in the degree to which they are predominantly solitary or social with both related and unrelated associates 

(Smolker et al. 1992, Mann et al. 2000, Möller & Beheregaray 2004). Even across bottlenose dolphin populations, 

patterns of association vary in stability and fluidity, as well as relatedness (Chilvers & Corkeron 2002) Fission-

fusion societies are uncommon in mammalian species and vary in the patterns of association between kin, but notably 

found in spider monkeys (Symington 1990), elephants (Archie et al. 2006), chimpanzees (Goodall 1986), humans 

(Rodseth et al. 1991), bats (Willis & Brigham 2004) Hamadryas baboons (Zinner et al. 2001), spotted hyenas 

(Holekamp et al. 1997) humpback whales (Conradt & Roper 2000).  Chimpanzees in particular share convergent 

cognitive features with dolphins (Connor et al. 2000b, Marino 2002).  

In terms of the mother-calf relationship, a fission-fusion society implies that both the mother and calf will be 

in contact and associate with a number of different conspecifics over time. The relationship between a mother and her 

calf is highly consistent from birth until weaning, yet individual differences in the quantity and nature of separations 

exist (Mann 1997). While newborn calves interact with the mothers’ associates, there is no evidence for allomaternal 

care (Mann & Smuts 1998); that is, associates do not seem to provide care towards the infant and the mother does 

not benefit by having more time to forage. Calf interactions are therefore primarily social (Hrdy 1977, Mann & 

Smuts 1998). While a mother may not benefit from her calf’s association with respect to the cost of infant care, this 

does not discount the potential social, developmental, and safety benefits to the young infant (Mann & Smuts 1998). 

Thus, infants may have a greater desire to seek contact and experiences away from the mother more than the mother 

herself. In this project I will investigate the possible reasons and potential benefits for calves to separate from their 

mothers and if this differs by sex.  To date, we know that time spent in infant position does not change in the first 



year, excluding the early newborn period (Mann & Watson-Capps 2005). Further, calves between four and 12 

months spent on average 16% of their time greater than 10m from the mother. In separations greater than 10m, 

mothers predominantly foraged and infants significantly increased their time spent socializing and foraging (Mann & 

Watson-Capps 2005). Newborn dolphins in the first 10 weeks of life spent approximately 2.5% of their time 

separated (> 2m) in the first month of life, and 25% in the second month (Mann & Smuts 1999). In other 

populations, calves decrease the amount of time spent in close proximity to the mother over time yet maintain some 

association for up to eight years (Grellier et al. 2003).  

Spatial relationships in cetaceans, primates, and ungulates

In human research, spatial relationships and measures of the quality of the mother-infant bond are under the 

broader label of attachment. One of the driving features of attachment theory in humans is the response to distress in 

the otherwise stable and consistent mother-infant relationship. This response can be assessed as an indicator of the 

quality of the relationship. Research on this period of distress began in the post World War II era in hospitals where 

children sustained prolonged periods of separations from their parents, followed by laboratory studies of separation 

and reunions measured by Mary Ainsworth’s Strange Situation in the 1970s through the present (Ainsworth & 

Marvin 1995, Ainsworth & Bell 1970). Ainsworth was a student of John Bowlby who first drew the fields of 

primate and human behavior together to better understand patterns of mother-infant attachment. Since that time 

comparative studies have been conducted with non-human primates during which separations are experimentally 

manipulated to further understand the nature of the attachment across primates (for review see Hinde 2005). 

Traditional ethological concepts of attachment and separation involved actual physical contact between mother and 

infant, with each as a potential actor in controlling this dyad (Hinde & Atkinson, 1970). 

Long-term studies and attachment theory have set the framework for which to view the mother-infant 

relationship in highly social mammals with long periods of dependency. Over the past twenty years continuous 

research on rhesus monkeys (Macaca mulatta) has broadened the understanding of complex social networks, 



including the mother-infant bond, in non-human primates. From Harry Harlow’s work (Harlow & Harlow 1969) we 

understand the mother-infant bond to extend beyond the nutritional needs of the infant. The mother functions as the 

central base in the infant’s world from which the infant can explore, and further socialize into the group.  Although 

individual variability is high, mothers tend to decrease contact with infants and allow infants to associate with peers 

(Suomi 2005).  Explicit work on quantitative measures of maintenance proximity within the mother-infant dyad was 

initiated by Hinde and Atkinson (1970) with rhesus monkeys to determine control of proximity by either the mother 

or the infant by.  This study aims to view the patterns of separations and behavior win bottlenose dolphin calves.

The physical abilities of an infant directly affect the patterns of association and contact with the mother. From 

birth, bottlenose dolphin calves are able to swim and breathe at the surface on their own, but infants begin with rapid 

swimming over the first two days of life, then slow down and remain primarily in echelon position with the mother. 

This is also referred to as contact swimming, defined as close parallel swimming between infant and mother, usually 

touching the mother (Mann & Smuts 1999). In the first week of life infants rarely take infant position but by the 

second month it is the predominant swimming position where the calf swims just below the mother’s peduncle. 

During surfacings the calf breaks infant position then immediately returns underneath the mother (Mann & Smuts 

1999). Infant position is also the position from which a calf nurses. Weaning occurs when the calf no longer takes 

milk from the mother and is marked by a discrete difference in mother-calf association patterns and the absence of the 

infant position contact (Mann et al. 2000). Similar to most cetaceans, sperm whale infants are physically precocious 

but are unable to match the depths at which its mother dives (Whitehead 2003) possibly because of the undeveloped 

ability to buffer the metabolic demands to the muscles during deep dives seen in adults (Noren 2004).  Ungulate 

young are born physically precocious and mothers do not carry young (Green 1992).  Conversely, primate infants 

are born underdeveloped and entirely dependent on maternal care (Altmann 1980).  These physical abilities dictate 

the locomotive control the infant has to leave its mother as well as the demands on the mother to control the 

movement and contact of the infant.



Physical control is one of the key factors shaping proximity maintenance in cetaceans, primates and 

ungulates. For example, in Jeanne Altmann’s (1980) study of yellow baboons (Papino cynocephalus) patterns of 

contact between mother and infant vary as the infant develops from birth to weaning. Contact time decreased linearly 

from birth until one year of age with no significant sex differences, including initiation and termination of contact. 

Just after birth, mothers were responsible for the close proximity of the infant, but as the infant grew mothers 

actually increased the distance between the pair, meaning mothers initially approached more than left, then later left 

more than approached. Thus maintenance of proximity is dictated primarily by the mother in the first few months of 

life, and later by the infant in many primate species (e.g. Berman 1990). Even within the first two weeks of life, this 

decrease in contact time is also characteristic of captive olive baboons (Papio anubis) (Bently-Condit 2003).

Bottlenose dolphin infants have nearly full control of proximity maintenance to its mother, though the mother 

still may swim faster, longer and dive deeper than her infant. Between bouts of contact (echelon and infant position), 

infant bottlenose dolphins occasionally separate from the mother. These separations are characterized by a break in 

infant position and the physical separation of mother and infant ranging from minutes to hours, though typically quite 

short.  During separations mothers primarily forage (Mann & Watson-Capps 2005) while infants engage in a 

number of activities at variable distances from the mother including traveling, resting, socializing, and foraging. The 

infant has the physical ability to determine where to go, when, and how far, though it displays some trends similar to 

non-human primates who do not have these explicit capabilities. Further, bottlenose dolphin mothers are unable to 

force contact with or restrain their infants as seen in primates. While during the first week the infant rarely leaves the 

mother, during the second week brief separations are observed and increase in duration and frequency within the first 

ten weeks (Mann & Smuts 1999). 

The mother’s responsibility for pair maintenance decreases into the second month of life for the infant (Mann 

& Smuts 1999), defined by the Hinde Index, a calculation of the control in which each partner, mother or infant, has 

in maintaining proximity to the other (Hinde & Atkinson 1970). In fact, the calf is almost entirely responsible for 



maintaining proximity to its mother. Over 90% of all separations are terminated by the infant (Janet Mann, 

unpublished data). It is typically difficult to determine who initiates separations. Although a dolphin calf’s locomotor 

abilities are advanced, captive dolphin studies (Gubbins et al. 1999) support consistency with this pattern of 

increased time separated from the mother in many mammalian species (e.g. Altmann 1980, Green 1992) but has not 

been directly addressed in wild populations, and the validity of comparative studies relies heavily on the definition of 

separation.  In the current study, we investigated patterns of separation in wild bottlenose dolphin population and 

compare the developmental patterns to primate, ungulate and other cetacean species.

During the first few days of life the only control the dolphin mother has is to swim rapidly next to the calf to 

stimulate a following response (Mann & Smuts 1999). It is proposed that this following response disappears when 

the infant can identify, and thus preferentially follow its mother (Mann & Smuts 1999). This is compelling evidence 

for imprinting in bottlenose dolphins because mothers did not tolerate social separations for the first week (Mann & 

Smuts 1999), presumable because of the risk of misidentification or imprinting on the wrong individual.  Because the 

primate infant is highly dependent and unable to move away from the mother at birth, there is no selection pressure 

for imprinting to evolve in this taxon. Instead, this period of possible mutual identification might be best understood 

as a time of high maternal sensitivity to learn the identity of her infant, or for the infant to learn its mother and reduce 

the chances of rejection. It follows that the mother would seek greater contact between herself and her infant in the 

first days or weeks of life, and then scale back once mutual identity and recognition are established (Maestripieri 

2001).  While primate mothers have distinct physical capabilities to maintain contact with infants by grabbing, 

holding and restraining them (Altmann 1980), ungulate mothers have similar physical limitations (Ralls et al. 1986) 

to dolphins and must rely on imprinting and other compensatory methods for the mother and infant to recognize the 

other.  In sperm whales for example, mothers leave calves at the surface with other females while they forage at 

depths far below the infant’s capacity at a young age, suggesting that leaving the calf with a ‘babysitter’ is a form of 

proximity control (Whitehead 1996) because the calf is less able to dictate its behavior with associates near. Female 



sperm whales other than the mother remain at the surface with the infant, although it isn’t clear whether these 

individuals actually help, care for, or protect the infant because the infant will swim towards any larger individual at 

the surface (Whitehead 1996). Infants tend to not only associate more with individuals besides its mother, but also 

initiate fewer of its separations with the mother. Instead, the mother initiates length and duration of a separation when 

she dives thousands of feet (Whitehead 2003).

Ungulate calves follow their mothers to maintain proximity. Mother-infant pairs decrease proximity over time 

in patterns similar to other mammals, but the morphological and ecological differences shape distinct spatial patterns.  

Ungulate research initially characterized mother-calf bonds as two types: hiders and followers (Ralls et al. 1986). 

Hiders were those species in which young were left to hide, rest, or sleep in a protected area while the mother left, 

primarily to forage. Followers were those that consistently followed mothers and the relationship was characterized 

by generally close contact. Yet, this distinction has proven to be inadequate to fully describe the differences in 

mother-calf association (Ralls et al. 1986).  

Green (1992) suggested that synchrony of movement between mother and calf is a greater predictor of the 

quality of the mother-calf relationship in bison (Bison bison) than contact time alone.  Synchrony was defined as the 

amount of time the calf moved in the same direction as the mother within 10m regardless of the calf’s position in 

relation to the mother. For example, if a mother and calf grazed side by side, synchrony would only be recorded if 

the mother moved first and the calf followed in the same direction. Synchrony was greatest when both the mother 

and calf were engaged in the same activity, as a result synchrony was lowest when calves rested and mothers grazed. 

For bison calves, only synchrony of movement changed in a developmental pattern while contact time remained less 

predictive of spatial relations between mother and calf (Green 1992). 

While spatial transitions didn’t reveal developmental changes in the first year, calves were significantly more 

independent in their movement if it was defined by their leading and following behaviors. Calves followed their 

mothers more often in the first and second weeks than when older. Further, after the first few weeks, mothers and 



calves contributed equally to contact maintenance at the 1m distance, but not at 10m. Through the third month the calf 

began to follow less and move in front of or next to the mother more often, decreasing synchrony of movement until 

weaning (Green 1992). By considering proximity maintenance only, one might miss important aspects of behavioral 

development in a wide range of taxa. 

One way to understand these patterns of proximity maintenance is through the theory of investment. The 

mother must commit enough energy to raise a viable offspring to weaning, while conserving enough energy to 

maintain her own health and ability to reproduce again by foraging effectively. Trivers (1972) defined this energy as 

parental investment, the total amount of effort a parent must commit to raising a viable offspring, at the expense of 

future offspring. Therefore it is favorable for mothers to decrease the amount of care over time until the calf can 

survive on its own. This pattern results in the overall trend of decreasing contact over time (Altmann 1980). 

Ecological factors and foraging demands 

Bottlenose dolphins produce relatively independent, physically precocious young in three of the four areas of 

neonatal independence proposed by Derrickson (1992), thermoregulation, sensory processing, and locomotion.  But, 

until weaning, infants are at least partially dependent upon their mother for nutrition.  Similar to other precocial 

mammals, calves begin ingesting small fish before weaning. In captivity, infants have been known to take fish from 

anywhere between six and 12 months, but between four and six months in the wild (Mann & Smuts 1999; Mann & 

Sargeant 2003). While dolphin calves younger than three months do not successfully forage (Mann & Sargeant 

2003), older infants begin to engage in a variety of foraging behaviors (Mann & Smuts 1999, Mann & Sargeant 

2003).  This period of dual food sources (milk and solids) is relatively long compared to altricial mammals and has 

been associated with increased socialization in rodents (Kleiman 1972, Derrickson 1989, reviewed in Derrickson 

1992). Bottlenose dolphin calves are weaned between three and six years. On average, males are weaned at three 

years while females are weaned at four years (Mann, unpublished data).  Elephant (Loxodonta africana) calves 

suckle exclusively for the first three months of life. Until fully weaned at about 5 years, milk is just over half of the 



total intake; weaning ages vary by sex and ecological factors such as food availability (Lee & Moss 1986). 

Conversely, phocid seals such as the harbor seal (Phoca vitulina) end lactation abruptly and the pup immediately 

switches from milk to solid food, helped by an excess of blubber from the dependent period (Muelbert et al. 2003). 

Chimpanzees nurse exclusively for the first four months of life, but will continue to suckle until up to about five 

years (Hiraiwa-Hasegawa 1990a).  Chimpanzees engage in sharing behavior for which the infant solicits solid foods 

from the mother through the first year, but infants gradually seek food independently over time (Hiraiwa-Hasegawa 

1990b). Further, maternal foraging demands affect the mother-infant bond in numerous species of primates, 

cetaceans, ungulates and rodents, although the effects are quite variable (e.g. Hennessy & Sharp 1990, Ralls et al. 

1986, Mann & Sargeant 2003, Suomi 2005). In both captive and free-ranging rhesus monkeys patterns of decreasing 

contact time are evident, but vary according to a number of ecological factors such as maternal rank, group size and 

food availability (Berman et al. 1997, Suomi 2005). While most species have a primary caregiver, cotton-top 

tamarins (Saguinus oedipus) exhibit bi-parental care. In this species, the attachment bond seems to be influenced by 

that caregiver who is involved in the most carrying of or food sharing with the infant. While mothers, fathers, and 

kin ‘helpers’ all engage in these activities, fathers carry and transfer food the most, resulting in a paternal secure base 

for infants (Kostan & Snowdon 2002).

As the infant begins to transition from the mother’s milk to solid foods, the energetic demands to the mother 

shift as well.  Besides nutrition, mothers must factor in the energetic costs and benefits of ‘carrying’ an infant as part 

of the maternal care strategy. An infant that is not being carried is less of an energetic cost but might be at a greater 

risk for death or physical injury, and the mother must be aware of its location and activity and anticipate when to 

intervene if the calf is in potential danger. In baboons, an infant that is being carried is not expending as much energy 

and requires less nutritional care, but the mother is usually more able to forage and feed herself efficiently and 

effectively while the infant is separated from her (Altmann 1980). For dolphins, “carrying” might be compared to the 

possible hydrodynamic drag an infant incurs while swimming in infant position. The hydrodynamic boost during 



infant position (Williams et al. 1992) and echelon position might decrease the infant’s energetic costs (Williams et al. 

1992, Gubbins et al. 1999).  If this is the case, then the infant is incurring some cost when swimming independently 

from the mother, but the cost to the mother is reduced.

Individual differences in calf separation and contact behavior in dolphins correlated significantly with 

survival. Infants that spent more time in infant position in the first year had a significantly higher rate of mortality 

before three years than those who spent less time in contact (Mann & Watson-Capps 2005). But, calf activity is also 

correlated to a number of other ecological factors including calf condition, maternal foraging patterns, etc. As a 

theoretical model, high maternal foraging success leads to high maternal condition, which leads to high calf condition 

and less need for maternal care, thus greater instances of separations. Mann & Watson-Capps (2005) interpreted 

these data to mean that calves in poor condition seek more contact time with the mother.  This also might suggest that 

patterns of separation might vary individually due to condition rather than as a population due to developmental 

growth patterns meaning research on separations might be best interpreted by looking at individual patterns and 

differences rather than averages among subsets of the population.

To understand behavior at the population level, it is also necessary to address the various ecological factors 

that affect association patterns among group members.  While it is important to recognize the distant phylogenetic 

relationship dolphins share with ungulates and the convergent behavioral tendencies with primates due to increased 

social demands (Marino 2002), ecological factors such as aquatic habitat and adaptive morphological traits 

necessitate differing life strategies. Flippers and flukes differ significantly from arms and legs, fingers, toes, and 

hooves and dictate distinctive strategies to manage the differing properties of water. Also, elements of speed, 

predator avoidance, group stability and foraging techniques all are influenced by and determined in part by the 

aquatic environment.  

Specifically, communication strategies of echolocation and whistling in an aquatic environment are only 

partially comparable to vocalizations in terrestrial mammals (Janik & Slater 2000), and serve as a crucial component 



in understanding mother-infant separations and reunions. While separated, mother and calf should hypothetically be 

able to identify each other and the other’s location to necessitate a successful reunion. Playback experiments with 

bottlenose dolphins in Sarasota, Florida supported the notion that dolphins can identify each other through signature 

whistles (Sayigh et al. 1998, Cook et al. 2004). Analysis from research conducted in the Moray Firth, Scotland 

suggested that bottlenose dolphins can detect another’s signal at distances between 1.5km and 25km depending on 

the substrate, water depth, location in water column, presence of other noises, and sea state, plus differences in tone 

and frequency of the whistle (Janik 2000). These values provide rough conservative estimates of the potential 

distances in which whistles travel. But, when considering the Shark Bay ecosystem these values are possibly too 

liberal because Shark Bay depth averages 6m (Mann et al. 2000), and sound travels less effectively in shallow water.  

But, in contrast to the Moray Firth, which has heavy shipping and tourist traffic, there are few unnatural interfering 

noises in Shark Bay, other than snapping shrimp, making detection of quiet whistles a bit easier. Thus, separations 

between mother and calf might depend less on visual distance, which is only a few meters, and rely heavily on 

acoustic range for detection and reunion. To date, research on mother-infant separation and reunion in Shark Bay 

suggests that infants are primarily responsible for communication during reunions as well as locomotion; infants 

typically swim to the mother (Smolker et al. 1993). Since calves appear to know where mothers are without her 

whistling, calves likely rely on passive listening to the mother’s echolocation clicks during foraging to track the 

mother’s location (Mann personal communication). 

Anthropoid primate and ungulate comparisons are helpful in understanding the mother-calf relationship in 

dolphins because each taxonomic group typically produces one dependent offspring at a time, engages in group 

living, and share similar patterns of maternal investment in young and mother-offspring spatial relationships (Lee 

1991, Green 1992). These are not the only factors in which these taxa are similar, but they serve as bases for 

comparison across taxa.  Yet ecological factors directly affect the behavioral tendencies of each taxonomic group.  In 

each group, these periods of calf spatial independence from the mother while still nutritionally dependent seem to 



serve a multitude of purposes. While separations and patterns of contact between mother and infant have been 

studied extensively in non-human and human primates, ungulates, and a few cetaceans, we aim to understand overall 

patterns and sex differences in the function and ontogeny of separations. 

The social network and group association patterns

Just as ecological factors affect group dynamics, the social network and patterns of association affect the 

mother-infant relationship. To broaden understanding of the behavior and development of infants, it is essential to 

tease out the particular benefits for both the mother and the infant and how the dyad functions as part of the larger 

group. Berman et al. (1997) and others (e.g. Suomi 2005) emphasize the importance of population, group size, 

environment and ecology on the nature of the mother-infant relationship in primates. In bottlenose dolphins, 

individuals preferentially associated dependent on activity (Gero et al. 2005).

Attachment between the primate mother and infant begins very early in life and continues throughout infancy 

and most of the juvenile stage (e.g. Suomi 2005), but infants do not only associate with the mother alone. Because 

female rhesus monkeys remain in their natal groups and males disperse, the mother-daughter bond is more stable and 

persists into adulthood while the mother-son bond is stable until the juvenile period when the male begins to 

associate more with same-sex peers. During the juvenile period the male disperses and breaks all ties with the mother 

(Suomi 2005). Parallel to this attachment, rhesus monkeys similarly form attachments within their peer groups that 

function in complement to the mother-infant bond, each offering a unique contribution to the infant’s development.  

In addition, an increase in group size predicts greater maternal control of infant proximity in free ranging rhesus 

monkeys (Berman et al. 1997). In bottlenose dolphins, infants around two months have been observed in mutual 

chasing with other infants, older juveniles and adults including the mother (Mann & Smuts 1999). Association with 

kin continues through the developmental period, preferentially with sisters (Mann, unpublished data). Primate infants 

similarly increase instances of socialization with associates.  Blue monkeys (Cercopithecus mitis stuhlmanni) for 

example, interact with other females after the few months following birth and begin play behavior with peers or small 



juveniles around the fifth month of age (Förster & Cords 2005). 

While separations might benefit the infant’s social development, separations might also increase predation 

risk.  In a study of reindeer (Rangifer tarandus) calf behavior, Mathisen et al. (2003) examined calf behavior in 

relation to predation vulnerability. Reindeer are polygamous ungulates and live a migratory lifestyle where nutritional 

resources are scarce. Plus, individuals engage in grouping behavior in part because predatory risks to young are 

high. Thus, the risks of long duration and far distance separations from the mother are high (Mathisen et al. 2003). 

Reindeer calves fit the general mammalian model of decreased proximity from the mother over time. While there was 

no sex difference found in this general trend, male reindeer calves tended to be more active and spend more time 

away from their mothers than female calves, as well as suffer a higher rate of mortality.  Further, as found in bison 

and reindeer, mother-calf distance tends to increase dramatically within the first three months of life (Green 1992, 

Mathisen et al. 2003).

Implications for human research on attachment

In a recent review of longitudinal studies of human attachment, Robert Hinde (2005) commented that the 

movement away from ethological methods and theory in studies of human attachment in the 1980s through the 

present was unfortunate. Typically the time and expenses for graduate work or professional research are too great for 

universities to support. But, it is from the initial comparative studies as reviewed above that began the ethological 

study of the mother-infant relationship. Therefore, while methods in human research may differ, the data collected 

and analyzed from primate and cetacean research will continue to provide valid and valuable contributions to the 

understanding of developmental and evolutionary biology and psychology as well as the intrinsic importance in the 

field of animal behavior.  Both ecological and evolutionary factors in comparative studies help shape the way we 

understand behavior.
Hypotheses

Previous research suggests that calves may benefit by separating from the mother. However, the costs and 



benefits of separations might change during development. For example, the cost to separation might be higher for a 

calf in the newborn period and first year than in later years because of the higher risk of mortality. Because 

separation risks are high within the first year, calves might remain close to the mother until risk of predation 

decreases in the second and third year (Mann et al. 2000, Mann & Watson-Capps 2005). Also, activity and number 

of associates during separations might relate to risk.  Social separations might be far less risky because of the buffer 

to predation by being surrounded by associates but calves might track the mother’s location less effectively.   

Following Trivers (1972) theory of parental investment, separation lengths might increase over time to reflect the 

decrease in maternal investment from birth until weaning and the mother’s future reproductive interests, while still 

investing the necessary resources to raise her calf to independence.  According to the theory, though, the calf seeks 

the greatest amount of care and investment possible, often in conflict with the mother’s needs. This ‘weaning 

conflict’ plays out in the various costs and benefits to both the mother and calf’s needs.  For example, a calf might 

separate from its mother to allow the mother increased opportunity at quality foraging, while benefiting from the 

increased quality of milk during longer, but less frequent nursing bouts.

Further, divergent strategies of adult male and female dolphins would suggest that male and female calves 

may differ in their behavior during separations. If calves used the period of separation as a time to practice skills such 

as developing social bonds or foraging tactics, the differences in adult behavior might become apparent early in calf 

development. As calves grow, males and females might diverge in behavioral strategies and this would be reflected 

best in the time spent without maternal influence.

Research on Shark Bay dolphins to date shows that there are no sex differences in calf behavior during the 

first year. Infants are primarily in infant position, followed in order of decreasing time by travel, rest, socialization 

and foraging, and only time spent foraging increase significantly over the first year (Mann & Watson-Capps 2005). 

During separations, calves increased foraging and socializing and were less likely to travel (Mann & Watson-Capps 

2005). I hypothesize that as calves develop from the first year until the third year, distinct sex differences will emerge 



and might best be detected while the calf is separated from its mother because this is a time in which the calf directs 

its behavior independent of maternal influence. Human research tends to assume that the mother or parental figures 

dictate the social experiences of the infant, thus heavily influencing the sex-specific tendencies in behavior (for 

review see Maccoby 2002a).  Only recently social learning theories emphasize that adults serve as models for 

behavior, and Bussey and Bandura (1999) highlight the infant’s ability to seek experiences on its own to fit these 

models.  Maccoby (2002b) has also proposed the unique contributions that same-sex groups contribute to gender 

socialization in children.  Not only do children tend to congregate in same-sex groups, but it is within these groups 

that strong sub-cultures of specific gender-driven tendencies emerge. Here, I hypothesize that dolphin calves might 

be even more independent and specifically use periods of separation to seek individual experiences influenced more 

by associates and peers and less by the mother, particularly in males.

During separations, I predict male infants will spend more time socializing than females and females will 

spend more time foraging than males emulating the divergent sex-specific strategies found in adult dolphins. While it 

is still unclear exactly how individuals learn foraging techniques, female Shark Bay dolphins typically adopt 

strategies similar to their mothers. Both males and females are thought to acquire foraging techniques through vertical 

social transmission, but males might also be influenced by greater horizontal transmission from exposure to a greater 

number of associates (Mann & Sargeant 2003, Sargeant et al. 2005, Krützen et al. 2005). Mann and Sargeant (2003) 

suggest that social learning plays a critical role in calf development with respect to foraging (Mann & Sargeant 

2003), as well as social affiliations (Mann 2006). Further, the patterns of sociality and foraging are undoubtedly 

linked. Mothers and daughters with similar foraging strategies are found to associate with each other into the calf’s 

later adulthood (Mann & Sargeant 2003), whereas male calves might associate more with alliance partners as adults 

(Connor et al. 1992).
Predictions:

Percent time separated from mother will increase with age.

This would follow a pattern seen in other mammals that infants tend to separate more often from birth until weaning.



Percent time spent at far distances while separated will increase with age.

This might be a function of the trend to become more independent from mother as age increases.

Male calves are predicted to spend more time at far distances while separated than females.

At far distances from their mothers, males are predicted to engage in more social behavior than females and females 

will engage in more foraging behavior than males, consistent with the sex-specific strategies they exhibit in 

adulthood.

Methods

Richard Connor and Rachel Smolker first surveyed the study site in Shark Bay, Western Australia 1982 and in 1984 

initiated a longitudinal study of the bottlenose dolphins (Connor & Smolker 1985).  Subsequently, Janet Mann and 

Barbara Smuts initiated the Mother-Infant Behavioral Ecology Study in 1988 at the site. 

Shark Bay is located at 25 ° 47’ South and 113 ° 43’ East in Western Australia.  The study site incorporates 

approximately 250km² east of the Peron Peninsula and over 600 dolphins. The bottlenose dolphins of the bay do not 

fit a clear taxonomic classification at the species level, with haplotypes characteristic of Tursiops truncatus or 

Tursiops aduncus (M. Krützen, unpublished data).  Research is conducted using small boats to which the animals 



have been habituated.  Data are collected on all animals sighted using survey protocol lasting a minimum of five 

minutes. If focal mothers and calves are identified and are high on the target list, they are followed using continuous 

and point sampling at one minute intervals or predominant activity sampling at two and a half and five minute 

intervals. Individuals are identified using photo identification of dorsal fin size, shape, nicks, dents, and others 

natural markings.  

Calf age is determined by subtracting estimated birthdate from date of observation.  Births have never been 

observed and are therefore estimated from the date the mother was last seen without a calf to the first observation 

with the calf. Weaning ages are estimated by finding the midpoint between the last time a calf was observed in infant 

position to observations with marked change in behavior of mother-calf association. Weaning is also confirmed by 

the birth of another calf (Mann et al. 2000).

Separations are defined as >2m from the mother. During close separations calves are observed >2m but 

<10m from the mother, ≥10m but <50m during moderate separations, and ≥50m during far separations.

This studying included a total of 77 calves born to 44 mothers in three age classes, year 1 (4-11 months), 

year 2 (12-23 months), and year 3 (24-35 months).  Of the 77 calves, the sex was unknown for 15, and 30 were 

identifies as male and 32 as female. Of the 44 mothers, 23 had one calf, 10 had two calves, seven had three calves, 

two had four calves and one had five calves. A total of 23 calves were observed for all three age classes for greater 

than three hours per age class.

Measures considered for data analyses included mother-calf distance categorized into four categories (with 

mother, close, moderate, far), calf activity and maternal activity categorized into five categories (forage, socialize, 

travel, rest, other), calf sex, calf age at observation and method of sampling. Only calves observed for over three 

hours per age class, and only calves observed in any one or combination of three age classes, one, two, and three, 

were used in analyses.
Data analyses



Separation data were analyzed using an analysis of variance (ANOVA) for repeated measures. Sub-classes of 

separation distances were also analyzed using ANOVA as well as a Bonferroni pairwise comparison to assess 

differences between each age class. Sex differences were assessed using between-subject comparisons. Activity data 

were analyzed using the Mann-Whitney U test to compare sex differences in activity during separation distances.  A 

non-parametric test was used instead of an independent sample t-test because the data tended to be slightly skewed 

and variances unequal.

Ethogram: (Mann & Watson-Capps 2005)
Activity Definition
Infant Position Calf swims under the mother, in intermittent contact, 

with the calf’s head touching the mother’s abdomen. 
Indicated for calf only.

Social Rubbing, petting (flipper or flukes actively moving on a 
body part of another), chasing, mounting, poking, 
contact swimming (excluding infant position), and other 
forms of active contact.

Forage Characterized by fast swims, rapid direction changes, 
bottom-grubbing, fish catches and fish fleeing. 

Rest Slow (<3 km/h) nondirectional movement, frequent 
hanging at the surface.

Travel Steady, moderate or fast (>3 km/h) directional 
movement. Speeds were often tracked by boat speed.

Separation Mother and calf surface >2 m apart (Mann & Smuts, 
1999). Onset and offset of each separation recorded. 
Predominant maternal and calf activity and maximum 
distance during the separation was also recorded. 
Separations are not mutually exclusive from any other 
activities except infant position.

Separation Distance Definition
With mother  Infant position Infant is slightly behind and usually 

below the mother with rostrum near 
her keel or peduncle/keel area.  They 
may be in contact or distance (0) but 
it is still considered in infant 
position.

Echelon Virtually in contact. Infant is parallel 
and in the anterior region of the 
mother.  The infant’s dorsal fin does 
not extend past the mother’s dorsal 
fin.

(0) Infant is ≤30cm from mother but is 
not in infant position

(1) Infant is >30cm ≤ 2m
Close (2) Infant is >2m ≤5m

(3) Infant is 5m ≤10m
Moderate (4) Infant is >10m ≤ 20m

(5) Infant is >10m but exact distance is 
unknown

(6) Infant is >20m <50m
Far (7) Infant is ≥50m ≤100m

(8) Infant is >100m
(9) Infant is >200m
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Distance Classification 

Age Classification (Mann & Sargeant 2003)

Age Class Calf Age (months)

Newborn 0-3

1st year 4-11

2nd year 12-23

3rd year 24-35

4th year 36-47

5th year 48-59

6th year 60+



Results

1. Of the 23 calves with data for years one, two and three, calves did not change the proportion of time 

separated from their mothers (ANOVA: F2,21=1.122, P=0.335, N=23, Fig. 1). On average, calves spend 

about one-third of their time greater than 2m from their mothers (Table 1). 

2. Calves decreased the amount of time spent at close distances (>2m<10m) from the mother (ANOVA: 

F2,21=5.819, P=0.006, N=23, Fig. 2). Pairwise comparisons revealed a decrease in percent time in close 

separations from year 1 to year 3, no difference from year 1 to year 2 or from year 2 to year 3 (Table 1).  

Calves spent roughly 15% of the total time at close distances. Calves also showed a slight tendency to spend 

more time at far distances (≥50m) from their mothers with age (ANOVA: F2,21=2.436, P=0.108, N=23, 

Fig. 3). Pairwise comparisons revealed a tendency to increase time spent at far distances from year 1 to year 

2, no difference between year 2 and 3, and a tendency to increase from year 1 to 3 (Table 1).  Calves typically 

spent about 10% of their total time at far distances. In addition, calves increased the percent of time spent at 

moderate distances with age (ANOVA: F2,21= 4.474, P= 0.017, N=23) and pairwise comparisons revealed 

a significant difference between year 2 and year 3 (Table 1).

3. Both males and females increased the time spent at far distances from year 1 to year 2, but across all years, 

males spent more time at far distances than females (ANOVA between-subjects effect of sex: F1,20=11.227, 



df=1, p=0.003, Fig. 4). Males also spent more time overall separated from the mother compared to females 

(ANOVA between-subjects effect of sex: F1,20=6.366, P=0.020, Nmale=12, Nfemale=10, Table 3).

4. During far separations, males socialized more than females (Mann-Whitney U test: U=272, P=0.048, 

Nmale=27, Nfemale=29, Table 2, Fig. 5) and females foraged more than males (Mann-Whitney U test: 

U=254, P=0.024, Nmale=27, Nfemale=29, Table 2, Fig. 6). During all separation distances, though, there 

was no sex difference in time spent foraging (Mann-Whitney U test: U=479, P=0.989, Nmale=30, 

Nfemale=32, Table 4) and no sex difference in time spent socializing (Mann-Whitney U test: U=432, 

P=0.499, Nmale=30, Nfemale=32, Table 4). Over all age classes, there is no difference in time spent in any 

activity for male and female calves (Table 5), nor during each of the first three age classes (Table 6) and age 

classes one, two, and three combined (Table 7).

5.  During separations mothers primarily forage (X ± SE = 57.064% ± 2.447, N=75) and rest (X ± SE = 

32.705% ± 2.352 N=75). While calves are separated at far distances mothers forage more (X ± SE = 

70.312% ± 3.074 N=66) than when calves are close (X ± SE = 48.027% ± 2.662 N=75). A paired-sample T-

test revealed this decrease to be significant (T-test: T65=7.835, N=66, P=<0.0005).  Some pseudoreplication 

is possible because some mothers have more than one calf.  

Discussion

In the first three years of life excluding the newborn period, bottlenose dolphin calves do not significantly 

differ the percentage of time spent separated great than two meters from the mother.  While most mammals 



significantly increase the amount of time away from the mother over time (e.g. Altmann 1980), variable ecological 

factors alter the dynamics of separation.  Previous analyses of bottlenose dolphins showed that calves decreased the 

amount of time spent in infant position through the first ten weeks of life (Mann & Smuts 1999), but did not change 

the amount of time spent in infant position from four to 12 months (Mann & Watson-Capps 2005) or between the 

second and third year, and infant position increased between the first and second year (Mann 1997).  Time away, 

defined as greater than 20m, did not change from the first year to the second year, and increased from the second to 

third year of life.  While the definition of separation has changed throughout the longitudinal study (>2m in this 

study, >20m Mann 1997, >10m Mann & Watson-Capps 2005), as well as the sample size (77, 23 pairwise in this 

study, 12 in Mann 1997, 32 Mann & Watson-Capps 2005), the data generally support that calves do not follow the 

typical mammalian trend of decreasing time spent with the mother.  We instead found that bottlenose dolphin calves 

differ developmentally in the time spent at moderate and far distances from the mother. 

In this study we proposed that time spent at varying distances, rather than total time separated from the 

mother, might better dictate developmental patters.  Field observations suggested a number of calves were separating 

curiously far distances from the mother.  Far separations can be potentially dangerous for bottlenose dolphin calves 

for a number of reasons.  Shark attacks are a common source of calf mortality.  Thus calves are incurring great risk 

by straying from the mother and her associate’s protection, as well as expending more energy than might be 

necessary.  We found that calves decreased the amount of time spent with their mothers and particularly between the 

first and second year increased the time spent at distances greater than 50m.  It is not surprising that calves increase 

the distance traveled from the mother, because as calves grow the risk of predation and calf mortality diminishes.  

Calf survival is typically assured after the first year (Mann, personal communication). 

Separations in most mammalian species allow the infant to practice skills on its own and expand its social 

network. Particularly in fission-fusion societies, making and breaking contact or separating further over time might 

serve as practice for the daily patterns of variable associations in adulthood.  In bottlenose dolphin societies, adults 



adopt sex-specific strategies for reproductive success.  In general, males rely on intense social bonds, usually in the 

form of two and three dolphin males that make up and alliance to compete for access to females.  In contrast, females 

rely heavily on the ability to forage successfully to remain reproductively viable and be able to support a calf to 

weaning.  We hypothesized that it might be during increased separation distances that these patterns are evident.  

Indeed, at distances greater than 50m, while both males and females predominantly foraged, females foraged more 

than males, and males socialized more than females.  This might be viewed at a cost-benefit balance by males with 

respect to ultimate mechanisms. Males might reduce the immediate risk of predation by increasing the number of 

close associates.  Also, while foraging is necessary to survive, males might sacrifice unnecessary time foraging for 

quality time socializing equaling greater overall reproductive success as an adult. Further, we found that males spent 

more time separated than females over all ages and distances.  That males reach weaning earlier than females might 

account for the greater time spent separated, because the overall time to gain the necessary bonds independent from 

the mother as well as other skills for survival must occur in a shorter span of time.  Also, the juvenile period might 

be a significant time for male social bonds to develop further therefore favoring early weaning.

The sex differences in far separations seem to more clearly support the social development and social learning 

theories.  Individuals diverge in behavior early in development that matches the adult roles within the dolphin society.  

For males, separations offer the opportunity to associate with individuals apart from the mother’s associates, 

specifically other male calves or juveniles who have the potential to become future alliance partners.  Current research 

revealed that both male and female calves increase their association with other male calves when separated from the 

mother greater than 10m, yet the increase in number of immature male associates is significantly higher for male 

calves than female calves (Gibson & Mann 2005).  These data suggest that mothers do not associate with one 

another to give their male calves opportunities for association. Instead, separations are a more valuable time period 

for these important social ties most likely because mothers cannot afford to decrease time spent foraging

Conversely, while females must develop efficient foraging strategies, previous work in Shark Bay has revealed a 



variety of successful strategies.  Variables include location, number of foraging strategies employed and frequency of 

association with other animals.  In general, foraging strategy is transmitted through the matriline, meaning male and 

female calves acquire foraging strategies from their mothers (Mann & Sargeant 2003). The transmission of strategy 

is not thought to be genetic, but primarily social, and shows a strong female bias (Sargeant et al. 2005, Krützen et al. 

2005).  To learn the strategies the female calves must observe the technique being executed successfully.  Further, 

strategies such as beaching (catching fish in very shallow water close to the shore) and sponging (using a sponge on 

the rostrum to disturb bottom-dwelling fish) are more complicated and take longer to develop than snacking (usually 

belly-up, catching small fish at the surface) (Mann & Sargeant 2003).  Therefore, it seems counter-intuitive that 

female calves would benefit by separating far from the mother where she cannot observe maternal foraging behavior, 

but over the first year the calf might have had all the necessary observation time of foraging techniques and might 

benefit from individual practice during separations in the second and third year after birth.  Here we might see 

synchronous behavior on separations, particularly in female calves, similar to ungulate development.

Yet far separations might be a cost-benefit tradeoff for the mother as well.  If calves are not changing the total 

amount of time with the mother, just the distance in which they travel during time away, calves are benefiting from 

the same amount of observation time, while the mother is benefiting from uninterrupted foraging opportunities, vital 

to her survival, as well as the survival of her calf.  Also, calves might be using the time to practice foraging while not 

competing for the available fish around her mother.

Mann and Watson-Capps (2005) propose as a theoretical model that time in infant position might be an 

indirect indicator of calf condition because calves in poor condition require and might even seek more care.  More 

care often equates to less maternal foraging, furthering the decline in calf condition.  Healthy calves who can sustain 

time away from the mother, allowing for increased time foraging, reap even greater energetic benefits by quality 

maternal nourishment and care.  Further, female foraging success is a likely predictor of reproductive success.  We 

found that mothers predominantly forage when separated from the calf, and forage significantly more when calves 



are at far distances than close.  This suggests the increased foraging benefits for mothers when calves are separated, 

but even greater benefits when the calf is separated at far distances. 

Within the context of Trivers (1972) theory of maternal investment, calves should be separating more from 

the mother over time.  Instead, it is possible that the mother is investing less energy in the calf during each bout of 

infant position when the calf if close to the mother, and gaining more benefit from extended periods of foraging 

while the calf is a far distances.  The calf might instead be benefiting from the quality of time nutrition and care rather 

than quantity while with the mother.

While characteristics of the infant and the mother both contribute to the patterns of separation and activity, it 

is difficult to tease out the predominant influence of either player, particularly because individual styles are 

documented among mothers (savannah baboons, Altmann 1980, rhesus macaques, Berman 1990) and infants (Mann 

1997).  Further, in bison, synchronous behavior assumes the mother is dictating the behavior for which the calf 

follows (Green 1992).   Whether this is a direct product of maternal behavior or driven by infant characteristics and 

temperament, or a combination of both, is still heavily debated in animal behavior literature (e.g. Suomi 2005, 

Berman et al. 1997).  

Acoustic data might aid in better understanding mother-calf separations.  Calves might not be able to see the 

mother at far distances, but still might be in communication with her.  Further, indicators of initiation of separations 

and reunion might also shed light on the driving in factor of why female calves in particular separated from the 

mother.  A small subset of data from Shark Bay revealed that calves initiated the majority of reunions (Smolker et al. 

1993), suggesting they might be “asking” to reunite with the mother as well as locate her.  Here, calves exhibited a 

high level of control in their behavior and proximity to the mother.  

When interpreting our data within the framework of parental investment proposed by Trivers (1972) the 

consistency in time separated from the mother might be understood differently from the traditional primate model that 

decreasing contact over time indicates greater infant control and reduced maternal investment.  Instead, in bottlenose 



dolphins, the increased distance the calf separates might indicate the decrease in time the mother must be aware of the 

infant’s location, thus increasing her ability to forage effectively.  Also, the differential patterns of separations might 

not address maternal investment directly.  Separation rates might be more closely related to calf condition and 

individual differences in calf behavior or maternal style.  Further, the sex differences that emerge in calf development 

might be best understood according to human research on school children’s tendency to self-segregate into same-sex 

peer groups (Maccoby 2002b).  Calves might separate so that they can increase the instances for which to associate 

with peers and these periods might drive the further differences that emerge between the sexes. Finally, the period of 

calf development might be best understood in light of research on the juvenile stage.  Do the sex-specific tendencies 

persist as a juvenile and into adulthood?  Are calves that separate better able to maintain stable associations?  Does 

separation rate affect reproductive success or foraging success?  Only with more research on the bottlenose dolphin 

society in Shark Bay as well as related cetacean and comparative research will these questions begin to be addressed.



Tables
Mean± SENCompared Means ± SERepeated Measures ANOVA (F)NPPairwise comparison (Bonferroni)Mean Difference ± SEPN% time 
separated (>2m from mother)1.122230.335Year 138.05±2.115538.487±3.285Year 234.64±2.754335.335±3.543Year 331.47
±2.714031.362±3.603% time close (2m-10m from mother)5.819230.006Year 119.67±1.375519.46 ±2.2361-25.851 ±2.6460.11323Year 
213.05±0.974313.61 ±1.4942-32.385 ±2.1660.84923Year 311.45±1.064011.22 ±1.5101-38.236 ±2.612 0.01423% time far (≥50m from 
mother)2.346230.108Year 16.78±1.28557.49 ±1.2011-2-3.571±1.7480.16023Year 210.55±1.604311.06± 1.9412-3-1.401
±2.7411.00023Year 311.78±1.814012.46 ±2.5751-3-4.972±2.4990.17823% time moderate (>10m
<50m)4.474230.017Year 111.60±0.8995511.542±1.2781-21.071±1.5301.00023Year 211.04±1.1584310.670±1.1992-32.897
±1.0970.04623Year 38.25±0.932407.680±1.0041-33. 968±1.5540.05523Table 1. Mother-Calf Separations

Table 2. Sex Differences in Activity during Far Separations (≥50 m)

Foraging Mean±SE Median N
Male 39.64±5.44 46.681 27
Female 55.34±4.81 63.636 29
Socializing
Male 19.14±3.40 16.314 27
Female 11.61±4.00 5.738 29

Table 3. Sex differences in overall separations (>2m)
Mean±SE N Compared Means ± 

SE
N

MALE 39.91±2.662 12
Year 1 38.46±3.124 23 42.68±4.361 12
Year 2 35.16±3.991 20 40.85±4.793 12
Year 3 35.95±4.088 17 36.19±4.852 12
FEMALE 29.95±2.916 10
Year 1 33.31±3.290 21 31.88±4.778 10
Year 2 31.78±3.682 20 30.12±5.251 10
Year 3 31.02±3.900 19 27.84±5.315 10
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Table 4. Sex differences in overall activity budget during separations (>2m)
MALE Mean ± SE Median N
Forage 28.89±2.933 32.059 30
Socialize 19.61±2.649 19.613 30
FEMALE
Forage 29.63±3.125 30.585 32
Socialize 17.17±2.478 16.920 32

Table 5. Sex difference in overall activity budget regardless of distance from mother (Mann-Whitney U Test)

Activity Male (N=31) 
Mean ± SE      

Median Female 
(N=32) Mean 
± SE

Median U P

BP 39.355± 
2.118

37.620 39.293±1.939 37.613 486.000 0.891

FOR 11.230±1.260 12.789 12.376±2.042 8.542 461.000 0.630
SOC 8.873±1.271 7.530 7.537±0.938 6.882 453.000 0.554
TRV 8.241±1.000 6.113 6.722±0.612 5.689 443.000 0.466
RST 32.802±1.950 32.075 33.905±1.947 35.058 450.000 0.527
OTH 0.530±0.133 0.241 0.563±0.140 0.224 488.000 0.912



Table 6: Activity Budget (sex differences analyzed with Mann-Whitney U Test)
Activity Age Class Mean ± SE N Nmale Nfemale U P

BP 1 32.000
±1.600

55 23 21 215 0.534

Forage 1 9.238
±1.213

55 23 21 234 0.860

Socialize 1 10.462
±1.482

55 23 21 219 0.597

Travel 1 10.079
±1.103

55

Rest 1 37.585
±1.891

55

Other 1 0.525
±0.114

55

BP 2 37.099
±1.544

43 23 21 161 0.291

Forage 2 13.925
±1.870

43 23 21 146 0.144

Socialize 2 8.776
±1.204

43 23 21 176 0.516

Travel 2 5.607
±0.704

43

Rest 2 34.061
±1.705

43

Other 2 0.510
±0.132

43

BP 3 42.374
±1.406

40 23 21 124 0.235

Forage 3 13.405
±1.406

40 23 21 145 0.601

Socialize 3 6.876
±1.314

40 23 21 131 0.334

Travel 3 5.917
±0.884

40

Rest 3 30.968
±2.001

40

Other 3 0.461
±0.202

40

BP 1-2-3 37.793
±1.233

73 29 30 349 0.192

Forage 1-2-3 9.816
±1.010

73 29 30 411 0.716

Socialize 1-2-3 7.733
±0.803

73 29 30 370 0.324

Travel 1-2-3 8.330
±0.722

73

Rest 1-2-3 34.416
±1.460

73

Other 1-2-3 0.509
±0.095

73
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±1.213

55 23 21 234 0.860

Socialize 1 10.462
±1.482

55 23 21 219 0.597

Travel 1 10.079
±1.103

55

Rest 1 37.585
±1.891

55

Other 1 0.525
±0.114

55

BP 2 37.099
±1.544

43 23 21 161 0.291

Forage 2 13.925
±1.870

43 23 21 146 0.144

Socialize 2 8.776
±1.204

43 23 21 176 0.516

Travel 2 5.607
±0.704

43

Rest 2 34.061
±1.705

43

Other 2 0.510
±0.132

43

BP 3 42.374
±1.406

40 23 21 124 0.235

Forage 3 13.405
±1.406

40 23 21 145 0.601

Socialize 3 6.876
±1.314

40 23 21 131 0.334

Travel 3 5.917
±0.884

40

Rest 3 30.968
±2.001

40

Other 3 0.461
±0.202

40

BP 1-2-3 37.793
±1.233

73 29 30 349 0.192

Forage 1-2-3 9.816
±1.010

73 29 30 411 0.716

Socialize 1-2-3 7.733
±0.803

73 29 30 370 0.324

Travel 1-2-3 8.330
±0.722

73

Rest 1-2-3 34.416
±1.460

73

Other 1-2-3 0.509
±0.095

73

Table 7. Changes in overall activity budget from year 1 to year 3

Activity Age Class Mean±SE N Comparison 
(between 
age classes)

Pairwise 
(mean 
difference)

P df

BP 1 26.700
±1.30

23 1-2 -0.101 <.000 1

BP 2 36.778
±2.20

23 2-3 -.036 0.397 1

BP 3 40.331
±1.60

23 1-3 -0.137 <.000 1

ANOVA: F2,21=23.786, P<.000, N=23

Forage 1 10.70±1.80 23 1-2 -0.024 1.000 1
Forage 2 13.10±2.10 23 2-3 -0.003 1.000 1
Forage 3 13.40±2.40 23 1-3 -0.027 1.000 1
ANOVA F2,21=0.479, P=0.624, N=23

Socialize 1 16.499
±2.70

23 1-2 0.064 0.159 1

Socialize 2 10.072
±1.80

23 2-3 0.027 0.573 1

Socialize 3 7.360±1.80 23 1-3 0.091 0.034 1
ANOVA: F2,21=5.313, P=.009, N=23
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BP 2 36.778
±2.20

23 2-3 -.036 0.397 1

BP 3 40.331
±1.60

23 1-3 -0.137 <.000 1
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Socialize 2 10.072
±1.80

23 2-3 0.027 0.573 1

Socialize 3 7.360±1.80 23 1-3 0.091 0.034 1
ANOVA: F2,21=5.313, P=.009, N=23

Figures
Fig. 1

Fig. 2

Fig. 3

Fig. 4

Fig. 5

Fig. 6



Acknowledgements
 We would like to thank the Georgetown University Departments of Psychology and Biology, the Undergraduate 
Psychology Honors Thesis Program, The Monkey Mia Dolphin Research Foundation, the National Science 
Foundation-Research Experience for Undergraduates funding, Georgetown Undergraduate Research Opportunities 
Program, and the Mann Lab.

References



Ainsworth, M.D.S. & Bell, S. 1970. Attachment, exploration, and separation: Illustrated by the behavior of one-
year-olds in a strange situation. Child Development, 41(1), 49-67.

Ainsworth, M.D.S. & Marvin, R. 1995. On the shaping of attachment theory and research: an interview with Mary 
D.S. Ainsworth (Fall 2004). Monographs of the Society for Research in Child Development, 60(2-3), 3-21.
 
Altmann, J. 1974. Observational study of behavior: sampling methods. Behaviour, 49, 227-267. 

Altmann, J. 1980. Baboon Mothers and Infants.  Cambridge, Massachusetts: Harvard University Press.

Bently-Condit, V. 2003. Sex differences in captive olive baboon behavior during the first fourteen days of life. 
International Journal of Primatology, 24(5), 1093-1112.

Berman, C. 1990. Consistency in maternal behavior within families of free-ranging rhesus monkeys: An extension 
of the concept of maternal style. American Journal of Primatology, 22(3), 159-169.

Berman, C., Rasmussen, K., & Suomi, S. 1997. Group size, infant development and social network in free-
ranging rhesus monkeys. Animal Behaviour, 13(2), 124-137.

Bussey, K. & Bandura, A.  1999. Social cognitive theory of gender development and differentiation. Psychological 
Review, 106, 676-713.

Chilvers, B.L. & Corkerson, P.J. 2002. Association patterns of bottlenose dolphins (Tursiops aduncus) off Point 
Lookout, Queensland, Australia. Canadian Journal of Zoology, 80, 973-979.

Connor, R & Smolker, R. 1985. Habituated dolphins (Tursiops sp.) in Western Australia. Journal of Mammology, 
66, 398-400.

Connor, R., Smolker, R., & Richards, A. 1992. Dolphin alliances and coalitions. In: Coalitions and competition 
in animals and humans (Ed. by A.H. Harcourt & F.B.M. de Waal), pp. 415-442. New York and Oxford: Oxford 
University Press.

Connor, R., Mann, J., Tyack, P., & Whitehead, H. 2000a. Introduction: The social lives of whales and dolphins. 
In: Cetacean Societies (Ed. by J. Mann, R. Connor, P. Tyack, and H. Whitehead), pp. 1-6. Chicago and London: 
University of Chicago Press.

Connor, R., Wells, R., Mann, J., & Read, A.  2000b. The bottlenose dolphin: social relationships in a fission-
fusion society. In: Cetacean Societies (Ed. by J. Mann, R. Connor, P. Tyack, and H. Whitehead), pp. 91-126.  
Chicago and London: University of Chicago Press.

Cook, M., Sayigh, L., Blum, J., & Wells, R. 2004. Signature-whistle production in undisturbed free-ranging 
bottlenose dolphins (Tursiops truncatus). Proceeding of the Royal Society of London-B, 271, 1043-1049.

Derrickson, E.M. 1989. The effect of experimental termination of lactation on subsequent growth in Peromyscus 
leucopus. Canadian Journal of Zoology, 66, 2507-2512.

Derrickson, E.M. 1992. Comparative reproductive strategies of altricial and precocial eutherian mammals. 
Functional Ecology, 6(1), 57-65.



Förster, S. & Cords, M. 2005. Socialization in infant blue monkeys (Cercopithecus mitis stuhlmanni): 
Allomaternal interaction and sex differences. Behaviour, 142, 869-896.

Gero, S., Bejder, L., Whitehead, H., Mann, J., & Connor, R. 2005. Behaviourally specific preferred association 
in bottlenose dolphins, Tursiops spp. Canadian Journal of Zoology, 83, 1566-1573.

Gibson, Q. A. & Mann, J. 2005. Early development of sex-specific association patterns in wild bottlenose dolphin 

(Tursiops, sp.) calves. 16th Biennial Conference on the Biology of Marine Mammals. Oral Presentation.  San Diego, 
CA. 

Goodall, J. 1986. The Chimpanzees of Gombe: Patterns of behaviour. Cambridge, Massachusetts: Harvard 
University Press.

Green, W. 1992. The development of independence in bison: pre-weaning spatial relations between mothers and 
calves. Animal Behavior, 43, 759-773.

Grellier, K., Hammond, P., Wilson, B., Sanders-Reed, C., & Thompson, P. 2003. Use of photo-identification 
data to quantify mother-calf association patterns in bottlenose dolphins. Canadian Journal of Zoology, 81, 
1421-1427.

Harlow, H. & Harlow, M. 1969. Effects of various mother-infant relationships on rhesus monkey behaviors.  In: 
Determinants of infant behaviour (Ed. by B. Foss), 15-36. London: Metheun.

Hennessy, M. & Sharp, K. (1990). Voluntary and involuntary maternal separation in guinea pig pups with mothers 
required to forage. Developmental psychobiology, 23(8), 783-796.

Hinde, R. 2005. Ethology and Attachment Theory. In: Attachment from Infancy to Adulthood (Ed. by K.E. 
Grossmann, K. Grossmann, and E. Waters), pp.1-12.  New York and London: The Guilford Press.
 
Hinde, R. & Atkinson, S. 1970. Assessing the roles of social partners in maintaining mutual proximity, as 
exemplified by mother-infant relations in Rhesus monkeys. Animal Behavior, 18, 169-176.

Hiraiwa-Hasegawa, M. 1990a. Maternal investment before weaning. In: The Chimpanzees of the Mahale 
Mountains: Sexual and Life History Strategies (Ed. by Toshisada Nishida), pp.257-266. Japan: University of Tokyo 
Press.

Hiraiwa-Hasegawa, M. 1990b. Role of food sharing between mother and infant in the ontogeny of feeding 
behavior. In: The Chimpanzees of the Mahale Mountains: Sexual and Life History Strategies (Ed. by Toshisada 
Nishida), pp.267-276. Japan: University of Tokyo Press.

Hrdy, S.B. 1977. The Langurs of Abu: Female and Male Strategies of Reproduction. Cambridge: Harvard 
University Press.

Janik, V., & Slater, P. 2000. The different roles of social learning in vocal communication. Animal Behaviour, 60, 
1-11.

Kleiman, D. G. 1972. Maternal behavior of the green acouchi (Myoprocta pratti Pocock), a South American 
caviomorph rodent. Behaviour, 43, 48-84.



Kostan, K. & Snowdon, C. 2002. Attachment and social preferences in cooperatively-reared Cotton-top Tamarins. 
American Journal of Primatology, 57, 131-139.

Krützen, M., Mann, J., Heithaus, M., Connor, R., Bejder, L., Sherwin, W. 2005. Cultural transmission of tool 
use in bottlenose dolphins. Proceedings of the National Academy of Sciences, 102(25), 8939-8943.

Lee, P. & Moss, C. 1986. Early maternal investment in male and female African elephant calves. Behavioral 
Ecology and Sociobiology, 18(5), 353-361.

Lee, P., Majluf, P., & Gordon, I. 1991. Growth, weaning and maternal investment from a comparative perspective. 
Journal of Zoology: proceedings of the Zoological Society of London, 225, 99-114.

Lusseau, D., Wilson, B., Hammond, P., Grellier, K., Durban, J., Parsons, K., Barton, T., & Thompson, P. 
2006. Quantifying the influence of sociality on population structure in bottlenose dolphins. Journal of Animal 
Ecology, 75, 12-24.

Maccoby, E.E. 2002a. Gender and social exchange: a developmental perspective. New Directions for Child and 
Adolescent Development, 95, 87-105.

Maccoby, E.E. 2002b. Gender and group process: a developmental perspective. Current Directions in 
Psychological Science, 11(2), 54-57.

Maestripieri, D. 2001. Is there mother-infant bonding in primates? Developmental Review, 21, 93-120.

Mann, J. 1997. Individual differences in bottlenose dolphin infants. Family Systems, 4, 35-49.

Mann, J. 2006. Establishing Trust: Sociosexual behaviour and the development of male-male bonds among Indian 
Ocean bottlenose dolphin calves. In: Homosexual Behavior in Animals: An Evolutionary Perspective (Ed. by P. 
Vasey and V. Sommer). Cambridge University Press.

Mann, J & Smuts, B.B. 1999. Behavioral development in wild bottlenose dolphin newborns (Tursiops sp.). 
Behaviour, 136, 529-566.

Mann, J., Connor, C., Barre, L, & Heithaus, M. 2000. Female reproductive success in bottlenose dolphins 
(Tursiops sp.): life history, habitat, provisioning and group-size effects. Behavioral Ecology, 11(2), 210-219.

Mann, J & Kemps, C. 2003. The effects of provisioning on maternal care in bottlenose dolphins.  In: Marine 
Mammals: Fisheries, Tourism & Management Issues (Ed. by N. Gales, M. Hindell and R. Kirkwood), 304-320.  
Australia: CSIRO Publishing.

Mann, J. & Sargeant, B. 2003. Like mother, like calf: the ontogeny of foraging traditions in wild Indian Ocean 
bottlenose dolphins (Tursiops sp.). In: The Biology of Traditions: Models of Evidence (Ed. by D.M. Fragaszy and S. 
Perry), 236-266. Cambridge: Cambridge University Press.

Mann, J & Watson-Capps, J. 2005. Surviving at sea: ecological and behavioral predictors of calf mortality in 
Indian Ocean bottlenose dolphins, Tursiops sp. Animal Behavior, 69, 899-909.

Marino, L. 2002. Convergence of complex cognitive abilities in cetaceans and primates. Brain Behavior and 
Evolution, 59, 21-32.



Mathisen, J, Landa, A., Andersen, R., & Fox, J. 2003.  Sex-specific differences in reindeer calf behavior and 
predation vulnerability.  Behavioral Ecology, 14(1), 10-15.

Möller, L. Beheregaray, L.B., Harcourt, R. & Krützen, M. 2001. Alliance membership and kinship in wild male 
bottlenose dolphins (Tursiops aduncus) of southeastern Australia. Proceedings of the Royal Society of London, 
Series B, 268, 1941-1947. 

Möller, L. & Beheregaray, L.B. 2004. Genetic evidence for sex-biased dispersal in resident bottlenose dolphins 
(Tursiops aduncus). Molecular Ecology, 13, 1607-1612.

Muelbert, M.M.C., Bowen, W.D., & Iverson, S.J. 2003. Weaning mass affects changes in body composition and 
food intake in harbour seal pups during the first month of independence. Physiological and Biochemical Zoology, 76
(3), 418-427.

Noren, S.R. 2004. Buffering capacity of the locomotor muscle in cetaceans: correlates with postpartum 
development, dive duration, and swim performance. Marine Mammal Science, 20(4), 808-822.

Owen, E., Wells, R., & Hofmann, S. 2002. Ranging and association patterns of paired and unpaired adult male 
Atlantic bottlenose dolphins, Tursiops truncatus, in Sarasota, Florida, provide no evidence for alternative male 
strategies. Canadian Journal of Zoology, 80(12), 2072-2089.

Parsons, K., Durban, J., Claridge, D., Balcombs, K., Noble, L., & Thompson, P. 2003. Kinship as a basis for 
alliance formation between male bottlenose dolphins, Tursiops truncates, in the Bahamas. Animal Behaviour, 66, 
185-194.

Pereira, M. & Fairbanks, L., eds. 1993. Juvenile Primates: Life History, Development and Behaviour. New York 
and Oxford, Oxford University Press.

Ralls, K., Kranz, K. & Lundrigan, B. 1986. Mother-young relationships in captive ungulates: variability and 
clustering. Animal Behaviour, 34, 134-145.

Rodseth, L., Wrangham, R, Harrigan, A. & Smuts, B. 1991. The human community as a primate society. 
Current Anthropology, 32(3), 221-54.

Sargeant, B., Mann, J., Berggren, P., & Krützen, M. 2005. Specialization and development of beach hunting, a 
rare foraging behavior, by wild bottlenose dolphins (Tursiops sp.) Canadian Journal of Zoology, 83, 1400-1410.

Sayigh, L., Tyack, P., Wells, R., Solows, A., Scott, M., & Irvine, A. 1998. Individual recognition in wild 
bottlenose dolphins: a field test using playback experiments. Animal Behaviour, 57, 41-50.

Smolker, R., Richards, A., Connor, R. & Pepper, J. 1992. Sex differences in patterns of association among 
Indian Ocean bottlenose dolphins. Behaviour, 123(1-2), 38-69.

Smolker, R., Mann, J. & Smuts, B. 1993. The use of signature whistles during separations and reunions among 
wild bottlenose dolphin mothers and calves. Behavioral Ecology and Sociobiology, 33, 393-402.

Symington, M. 1990. Fission-fusion social organization in Ateles and Pan. International Journal of Primatology. 
11(1), 47-61.



Trivers, R.L. 1972. Parental investment and sexual selection. In: Sexual Selection and the Descent of Man, 
1871-1971 (Ed. by B. Campbell), pp. 136-179. Heinemann, London.

Wells, R., Scott, M., & Irvine, A. 1987. The social structure of free-ranging bottlenose dolphins. In: Current 
Mammalogy. Vol. 1 (Ed. by H.H. Genoways), 247-305.  New York and London, Plenum Press.

Whitehead, H. 1996. Babysitting, dive synchrony, and indications of alloparental care in sperm whales. Behavioral 
Ecology and Sociobiology, 38(4), 237-244.

Whitehead, H. 2003. Sperm Whales: social evolution in the ocean. Chicago and London: University of Chicago 
Press.

Whitehead, H. & Mann, J. 2000. Female reproductive strategies of cetaceans: life histories and calf care. In: 
Cetacean Societies (Ed. by J. Mann, R. Connor, P. Tyack, and H. Whitehead), pp. 219-246.  Chicago and London: 
University of Chicago Press.

Williams, T., Friedl, W., Fong, M., Yamada, R., Sedivy, P, & Haun, J. 1992. Travel at low energetic cost by 
swimming and wave-riding bottlenose dolphins. Nature, 355, 821-823.

PAGE  

PAGE  2




