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ABSTRACT 

 

One of the most notable and rare features in animal societies is a high degree of fission-

fusion (FF) in which individuals change group membership frequently. This temporal-spatial 

fluidity is presumed to confer reproductive or survival benefits, allowing individuals to exploit 

their environment and decrease intraspecific competition. Bottlenose dolphins exhibit this trait to 

an extreme, arguably more so than humans. Similar to the society at large, dolphin mothers and 

calves separate and reunite often, possibly helping calves negotiate their social networks in a 

range of contexts.  

This study on mother-calf pairs in Shark Bay, Australia, is one of the first to quantify the 

FF rate (changes in group composition per hour). For calves (N=56), the FF rate was 10.3 4.56 

times per hour (mean SE). Male and female calves changed group membership at similar rates 

(Male: 10.5 4.48 times per hour; N = 25; Female: 10.3 4.53; N = 29).  We also examined this 

pattern developmentally, from birth to weaning. The FF rate in the first year of life was 

significantly greater than each subsequent year. We suggest that the early years are critical for 

learning to navigate a complex social and physical environment, e.g., locate resources and 

associates, avoid permanent mother-calf separations, predation and aggressive conspecifics. The 

maternal fission-fusion rate was lower than the calf rate at 4.74 2.54 (N = 65). We also 

examined the relationship between birth order and sex of the offspring, and maternal fission-

fusion rate to help explain variation across pairs. Maternal rate was the only significant predictor 
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of the calf rate, consistent with the prediction of the Maternal Influence Hypothesis. However, 

maternal style may contribute to substantial variation in the mean rates among birth order of the 

calves, and the sample sizes are too small to reject the null. Future research should examine 

directionality (who joins-leaves whom), other age-sex classes, and how FF rates relate to group 

size, behavioral context, and other demographic and ecological factors.  
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INTRODUCTION 

 With the advent and proliferation of modern technology facilitating human interaction, 

the existence of complex human social networks is often unnoticed. A staggering number of 

decisions regarding with whom to associate or disassociate are made daily out of countless, 

potential contacts, often in a matter of seconds. These contacts are executed with the aid of 

technology or by old-fashioned face-to-face communication. However, such “fission-fusion” 

dynamics of highly complex, fluid societies are relatively rare among other species. 

Consequently, researchers are interested in understanding the factors involved in characterizing 

particular non-human species as high fission-fusion taxa, while excluding others.   

Fission-fusion dynamics refer to the degree of spatial and temporal variation in group 

composition. In contrast to previous studies that describe “fission-fusion societies,” (Lehmann et 

al. 2006; López & Shirai 2008; Lusseau et al. 2003; Wells 2003), social structures lie along a 

spectrum of fission-fusion (FF) dynamics. This difference of degree rather than kind ranges from 

“lower FF” groups or taxa with stable group membership and high cohesion, to “higher FF” taxa 

with shifting membership and low to flexible cohesiveness (Aureli et al. 2008). Groups 

characterized by high FF dynamics have highly fluid social structures in which all members of 

the population are rarely observed simultaneously. Instead, individuals associate in subgroups of 

varying composition that can flexibly join and leave other subgroups within the larger social 

network. This pattern of high fission-fusion dynamics is presumed to confer reproductive or 

survival benefits by providing individuals with a means to exploit their environment and 

decrease intraspecific competition (Connor et al. 2000). 

High FF groups or taxa are relatively rare among species, limited primarily to some 

primates (Nishida 1968; Symington 1990), bats (Kerth & König 1999; Popa-Lisseanu et al. 
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2006), cetaceans (Connor et al. 2000; Chilvers & Corkeron, 2002), spotted hyenas (Crocuta  

crocuta, Holekamp et al. 1997), elephants (Loxodonta africana, Wittemyer et al. 2005), and 

modern humans (Homo s. sapiens, Marlowe 2005; Rodseth et al. 1991). Although several 

species and populations may be characterized by high FF dynamics, social structure and 

association patterns can vary considerably (Aureli et al. 2008).  Regarding the rate of these 

fission-fusion events, a host of ecological and demographic variables including reproductive 

state, foraging tactics, and predation risk can exert significant influence (Connor et al. 2000). 

 Bottlenose dolphins (Tursiops sp.) are one of the few species studied that has high FF 

dynamics (Connor et al. 2000; Aureli et al. 2008; Wells 2003; Smolker et al. 1992). Although 

multiple indices of association and group size have been previously quantified for dolphin 

populations, the rate of fission-fusion, one of the most prominent and ubiquitous features of 

bottlenose dolphin groups, has yet to be measured. Obtaining FF rates across taxa would also 

allow determining how social systems characterized by different FF dynamics relates to 

heterogeneity in ecological, cognitive or social variables (Aureli et al 2008). 

 The current study investigates the rate of FF in a wild dolphin population in Shark Bay 

using detailed focal follow data spanning 23 years (e.g., Gibson & Mann 2008ab). We examine 

the natural FF rate defined as changes in group composition per hour for mothers, calves, and 

their associates. We also examine the stability of these changes as an indicator of individual 

differences in this aspect of dolphin sociality. This is the first study to examine the temporal 

patterning of dolphin groups from an individual perspective. 

 

 

Evolution of High Fission-Fusion dynamics  

Several high FF taxa (e.g., bottlenose dolphins, chimpanzees (Pan troglodytes), bonobos  
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(Pan paniscus) and humans), are characterized by complex social structures, sophisticated 

cognitive skills (Amici et al. 2008) and a large brain to body ratio relative to other mammals 

(Aureli et al. 2008; Byrne & Bates 2007; Connor 2007; Whiten & van Schaik 2007). High FF is 

often suggested to involve a more cognitively-demanding social landscape which creates a 

unique selection pressure for the increased brain size and intellectual capabilities (Dunbar 1998). 

These complex, cognitive demands encompass inherent flexibility in an individual‟s own social 

interactions while monitoring current interactions of others and tracking changes in groupings 

over time. However, high FF may be a correlate of these latter characteristics instead of a cause 

(Barrett & Henzi 2005; Byrne & Bates 2007). Determining causality may be contingent upon an 

understanding of the phylogeny of fission-fusion (Aureli et al. 2008). 

Two different evolutionary pathways, (A and B) have been proposed to explain the 

emergence of higher FF and account for the rich variability observed in FF dynamics (Aureli et 

al. 2008). The predicted degree of social complexity for a given species is expected to differ 

depending on the evolutionary route. Consequently, all high FF taxa should not be presumed to 

possess equivalent cognitive abilities solely based on this shared FF classification (Aureli et al. 

2008).  

Route A 

In Route A, fitness was reinforced by mutually beneficial long-term associations over 

time, which selected for more sophisticated social skills and increased gregariousness. Group 

cohesion is favored, provided ecological constraints (e.g. intraspecific competition or limited 

access to resources) do not outweigh the benefits of continued membership. From these group-

living ancestors, high FF may have arisen in two disparate ways. Either large groups split into 

smaller subgroups under ecological pressure, or relatively stable, smaller bands merged into a 



 4 

single body that may then also associate within a larger network of subgroups. In either case, 

high FF derived from taxa with previously established, complex social interactions. Further 

abilities then developed within a novel social context. Therefore, this scenario contradicts the 

notion of a complex skill set evolving de novo within high FF. Route A may apply to the 

evolution of modern chimpanzees (Pan), macaques (Macaca), spider (Ateles) and capuchin 

(Cebus) monkeys (Aureli et al. 2008), and bottlenose dolphins (Tursiops). 

 

Route B  

On the other hand, high FF arises from a solitary condition along Route B. This transition 

did not necessarily entail sophisticated cognitive skills or an increasing advantage of social 

relationships. Rather, fusion events were possibly opportunistic in response to predation risk or 

other ecological pressures. In this scenario, the benefit of additional associates is more dependent 

on the number rather than the identity of the other individuals. Lesser galagos (Galago 

senegalensis) are one species that may have evolved along Route B. An important implication of 

this model is that lower FF groups evolving along Route B are predicted to possess a less 

sophisticated skill set relative to low and high FF groups that evolved along Route A (Aureli et 

al. 2008).  

 

 

Fission-Fusion in Bottlenose Dolphins 

 

While terrestrial mammals are typically more accessible, extensive longitudinal studies 

spanning 15 to over 30 years at multiple sites have generated a wealth of information, and allow 

for in depth study of the social complexity of cetaceans, and bottlenose dolphins in particular 

(Connor et al. 2000; Wells 2003).  Aspects of social structure and association patterns differ 

http://en.wikipedia.org/wiki/Senegal_Bushbaby
http://en.wikipedia.org/wiki/Senegal_Bushbaby
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between bottlenose dolphin populations, in part due to variation in geographical features of the 

habitat including water depth and temperature, inlets and sandbars (Lusseau et al. 2003; Wells 

2003). However, the sociality of all these populations seems to be characterized by high FF 

dynamics (Connor et al. 2000).  

Given our current understanding of social behavior, dynamics and structure (Anthony & 

Blumstein 2000; Vonhof et al. 2004), this section will review factors that influence association 

patterns in bottlenose dolphins to investigate when and why an individual decides to join and 

leave with conspecifics. Three main variables include reproductive strategy, resource 

distribution, and predation risk (Connor et al. 2000; Lehman et al. 2006; López & Shirai 2008; 

Wittemyer et al. 2005; Torres & Read 2009; Wells 2003). 

Reproduction strategy varies between males and females and is often indicated as a factor 

affecting association in bottlenose dolphins (Connor et al. 2000). Male reproduction is limited by 

access to receptive females, and consequently, male association patterns are influenced by 

female reproductive status (Wells 2003; Connor et al. 1996). In Shark Bay, Australia, males 

often form alliances with other similar aged males, averaging between 2 to 3 individuals and 

possibly lasting for years. These alliances function to guard and herd females, and they can fuse 

with other coalitions to form second-order (4 to 14 males) and possibly third-order alliances 

(Connor et al. 2000; Connor 2007; Connor et al., 2010). However, male-male interactions vary 

geographically. For example, in Sarasota, Florida, 58% of males are found in pairs at any given 

time instead of the larger and multi-level alliances seen in Shark Bay. Pair formation in Sarasota 

is also likely to be a reproductive strategy, for paired males sire more offspring than their solitary 

counterparts (Owen et al. 2006). 
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On the other hand, female reproductive strategies are more limited by access to resources 

and calf protection (Mann et al. 2000). Accordingly, variation in their association patterns will 

correlate more with ecological parameters, including food distribution and foraging tactics 

relative to males (Gero et al. 2005; López & Shirai 2008). The link between foraging tactics and 

sociality is typified by female “spongers” who hunt while carrying a sponge on their rostrum. 

These individuals spend most of their time hunting and are rarely observed in social groups 

(Mann et al. 2008; Smolker et al. 1997). Although other foraging tactics involve interactions 

with conspecifics such as “leap-feeding” (Mann & Sargeant 2003), foraging is a predominantly 

solitary activity (Mann & Watson-Capps 2005). Moreover, the low cost of locomotion likely 

contributes to the fluid nature of dolphin society (Williams et al. 1992). This low cost may allow 

for spontaneous foraging events when the opportunity presents (Nowacek 2002), presumably 

modulating the frequency of leaves and joins.  

The focus on calf protection with respect predation risk may also attenuate female 

interaction patterns since their survival is important for female reproductive success (Heithaus 

2001; Mann et al. 2000). Newborn calves are likely the most vulnerable, and mothers of 

newborns are observed in the largest groups during the first 3 months (Mann et al. 2000).  

Furthermore, mothers maintain close contact with their calves for an average of 4 years (ranging 

from 3 to 8 years) until the next birth (Mann et al. 2000). Mother-calf association indices range 

from 0.77-1.00 (Mann et al. 2000), where 0.00 indicates the two individuals are never sighted 

together, and 1.00 corresponds to always being observed together (Cairns & Schwager 1987). 

However, this association index was calculated using survey data while studies based on focal 

follows found calves and mothers separate frequently (Mann & Watson-Capps 2005; Gibson & 

Mann 2008a; Gibson & Mann 2009). These fission-fusion events probably allow mothers to 
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forage more efficiently while affording calves exploratory, social, hunting and other learning 

opportunities.  

 

Mother-calf pair Sociality  

 

 Virtually all studies focus on adult sociality and sex-specific strategies. However, calf 

sociality is presumed to be under similar constraints (Gibson & Mann 2008a). Furthermore, 

analysis of their behavior can give insight into underlying determinants of association in 

bottlenose dolphins, for calves engage in frequent temporary separations from their mothers, 

emulating the fission-fusion dynamics and sex-specific fitness needs at large (Mann & Watson-

Capps 2005; Gibson & Mann 2008a; Gibson & Mann 2009).  

Several hypotheses have been proffered to explain calf sociality during these separations 

including the maternal influence, calf protection and social skills hypotheses (see Gibson & 

Mann 2008a for a review). To date, calf sociality seems to function to allow acquisition of the 

sex-specific skills that promote fitness as adults (Gibson & Mann 2008a). Moreover, the negative 

correlation between calf sociality and calf condition also supports that benefits are related to 

association (Mann & Watson-Capps 2005). From these observations, dolphins appear more 

consistent with the proposed evolutionary Route A because socially driven skill acquisition may 

be associated with grouping patterns (Aureli et al. 2008).  

 

 

 

Research Methods in Investigating Dolphin Sociality  

 

 Observing dolphin social behavior poses a number of methodological problems. Data  

 

collection is often limited by the inherent fluidity of the social system, surface activity, weather  
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constraints, the complexity of the behavior of interest, among other factors (Mann 1999). In 

addition, data collected differ from site to site, and these locations vary demographically, 

ecologically and socially, making comparisons difficult (Connor 2000; Lusseau et al. 2003).  

Regarding fission-fusion, the rate of FF likely varies across populations as adaptations to 

a given environment. For instance, a harsh environment with limited resources may necessitate a 

higher degree of cooperation within a community and hence more stable group membership, 

yielding a lower FF rate relative to another study site with more favorable conditions.  

Although the rate of fission-fusion has yet to be measured in a population of dolphins,  

other aspects of sociality have been assessed. Multiple studies investigate whether individuals  

have preferred or avoided associates (Gero et al. 2005; Gibson & Mann 2008a; Kerth & König 

1999; Lusseau et al. 2003). Chiefly, several reports include half-weight coefficients that quantify 

the frequency of association between individuals (Smolker et al. 1992). In addition, lagged 

association rates analyze the temporal stability of a relationship, and intermediate association 

rates estimate the stability of the association between observation periods (Lusseau et al. 2003; 

Vonhoff et al. 2004; Whitehead 1995).  

When investigating associations among all levels of society, sociograms (e.g. Connor et 

al. 2010) have been constructed to model the multiple connections of individuals within 

subgroups and the larger community and can reveal which members of population have a denser 

social network (Lusseau et al. 2003; Wells 2003). Measuring the rate of fission-fusion in the 

Shark Bay population pertains to this type of social network analysis, for it concentrates on 

quantifying the frequency of the multiple interactions in various subgroups that take place 

between individuals of different ages and sex. In contrast to a preferential association, half-
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weight coefficient or lagged association rate, the emphasis is not on particular dyads. Instead, it 

will take an individual‟s perspective on dynamic interactions within the society at large.  

 

 

 

Research Questions  

 This investigation will focus on mother-calf pairs to determine the rate at which group 

composition changes in mothers and calves in a population of bottlenose dolphins in Shark Bay, 

Australia. We will examine whether the calf rate differs from maternal FF and investigate a 

potential interaction by sex. In addition, this study will assess the stability of calf and maternal 

fission-fusion rates over time with respect to age class and calf birth order, respectively. 

 Given the diversity reported in female sociality, we anticipate that adult female fission-

fusion rates will be similarly variable. In addition, we hypothesize, female calves with emulate 

maternal fission-fusion rates more closely than male calves, similar to the separation rate 

calculated in a previous study (Gibson & Mann 2008a). According to the Maternal Influence 

Hypothesis, calves will reproduce the association patterns of their mothers when separated due to 

their exposure to these social tendencies when they are together. However, because daughters 

associate more often with their mothers post-weaning than sons, their sociality and other 

behaviors are expected to demonstrate greater congruence, for female fitness presumably 

depends more heavily on learning maternal sociality and foraging skills relative to males (Gibson 

& Mann 2008a). 

Furthermore, we predict calf FF rates will vary developmentally, where young calves 

demonstrate higher FF rates than older, consistent with a high degree of precociousness and the 

importance of acquiring navigation and social skills during this critical period, accordant with 

previous findings (Gibson & Mann 2008b). 
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Quantifying FF dynamics is expected to compliment other measures of dolphin sociality, 

contributing to our understanding of bottlenose social structure. Moreover, despite the various 

species known to exhibit fission-fusion dynamics, only two attempts at measuring FF directly 

have been reported. Specifically, these include a study of spotted hyenas (Smith et al. 2008) and 

one of chimipanzees (Lehmann & Boesch 2004).  

 

 

 

METHODS 

 

Behavioral Data Collection 

 

This study used detailed behavioral data from boat-based focal follows on mother-calf 

pairs between June 1988 and July 2010 (e.g. Gibson & Mann 2008ab). The data were collected 

as a part of an ongoing longitudinal study in Shark Bay, Western Australia (25°47‟S, 113°43‟E), 

beginning in 1988. The study site is approximately 250 km
2
, located offshore of Monkey Mia. 

Although most studies of bottlenose sociality use survey data, individual focal follows, where 

continuous fission-fusion rates are monitored is more precise. Survey data, which involves brief 

„snapshots‟ of groups for five minutes or more, cannot capture the dynamic nature of group 

changes from the individual‟s perspective. In addition, calves are often missed or over-

represented during surveys, and consequently, surveys greatly underestimate the relative amount 

of time the calf spends alone (Gibson & Mann 2009).  

The behavioral data collected included group composition and activity, recorded at one-

minute intervals using point and continuous sampling techniques (Altmann 1974; Mann 1999). 

Joins and leaves were recorded on a continuous basis. Membership to a group was determined 

with the conservative 10-m chain rule, where an individual was considered part of a group if it 

was within 10 m of another member of the group. Standard photo-identification techniques were 
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used to identify individuals present in the interaction, relying heavily on morphological features 

of the dorsal fin and body shape, size and markings (Connor et al. 2000a; Lusseau et al. 2003). 

Minutes where the group composition was uncertain were excluded.  

 To control for variable observation time per calf and determine the amount of data  

required to accurately calculate the fission-fusion rate, randomized subsamples of individuals 

with increments of 3, 5, and 10 observation hours were obtained following Gibson & Mann 

(2009). FF rates were calculated for each increment and plotted against total observation duration 

to determine when the FF rate was no longer correlated with an increasing number of 

observation minutes (Figure 1). In addition, both calves (N=56) and mothers (N=65) included in 

the sample were observed apart from the other for at least 60 minutes. That is, each calf had to be 

followed during separations from its mother for a minimum of an hour.  

 

 

 

Sex and Age Determination 

 

Calf age was defined as dependent (nursing) calves under 4 years of age. When calves 

were weaned prior to four years, their post-weaning data was excluded. Calves older than 4 years 

but still nursing were also excluded because of the small sample size. All birthdate estimates 

were accurate within 6 months, with the majority being accurate within weeks. Estimates were 

made based on presence of fetal folds or lines, surfacing behavior and relative size to the mother 

(Gibson & Mann 2008a). Calves observed between 4-11 months of age lacked these newborn 

features and were assigned a 1 November default birthday, corresponding to the peak of births 

(Mann et al. 2000). The sex of the focal calf at the time of observation was primarily determined 

by viewing the genital area (Gibson & Mann 2008a).  
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Calf and Mother Fission-Fusion Rates 

 

Fission-fusion rates were calculated for the calf and the mother as the number of changes 

in group composition divided by the total number of minutes that the calf or mother was 

observed. In a second definition of maternal FF rate, the mother‟s fission-fusion rate and changes 

in the mother‟s group composition during separations from the calf were divided by the follow 

minutes of the mother-calf pair. These two categories allowed a comparison between calf 

independent FF rates and rates assumed to be driven by the mother (Gibson & Mann 2008a). 

Temporary mother-calf pair separations were defined by separations by more than 10 m and 

without any individual linking them by 10 m (Gibson & Mann 2008a). 

 

 

 

Age Class 

 

 Age classes are defined as 0-2.99 months for the newborn period, 3-11.99 months for age  

 

class 1, and 12-23.99, 24-35.99, 36-47.99 months for age classes 2, 3, and 4, respectively 

(Gibson & Mann 2008a). To assess whether the calf fission-fusion rate varies by age class, a 

longitudinal random effects growth curve regression with four dummy variables model was used. 

The mean FF rate for an age class was compared to the rate in each of the other three age classes. 

A clustering factor for the mother was added to the model to control for related calves.  

  y = 0 + 1ageclass1 + 2ageclass2 + 3ageclass3 + 4ageclass4 

 
 where 

 y = the calf fission-fusion rate 

 0= the average fission-fusion rate for the omitted age class 

 1- 4= the mean difference in fission-fusion rate with respect to the omitted age class.  
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Offspring Sex Interaction 

 

A multivariate, linear regression model was used to determine whether calves have 

different fission-fusion rates than their mothers during separations and whether there is an 

interaction by the sex of the calf. The Maternal Influence Hypothesis predicts calves will show 

FF rates similar to their mothers during separations, with females emulating their mothers to a 

higher degree than males. The dependent variable was the calf FF rate, and the independent 

variables, offspring sex, maternal FF rate, and maternal FF rate*offspring sex, were added 

hierarchically into the model to test for their additive and separate effects on the response 

variable. In addition, Levene‟s test for homogeneity of variance was run in order to confirm 

calves borne to the same mother did not have more similar FF rates in comparison to other, 

nonrelated calves. 

The calf FF rate was defined as the joins and leaves with other individuals during 

separations, and the maternal FF rate was defined in two ways. The first definition (1) included 

all joins and leaves as a mother-calf pair and changes in group composition while the mother was 

alone, and the second definition (2) included only joins and leaves with other individuals when 

the mother was alone. A clustering factor for the identity of the mother was added to control for 

the multiple calves born to the same mother. 

 

 

 

Stability 

 

 To assess the stability of fission-fusion rates, the FF rates of mothers with two or more 

calves with at least one hour of observation time per calf were analyzed to determine whether 

there was a significant difference in her average fission-fusion rate among successive offspring. 

Stability was investigated using a linear regression model with birth order of the calf as the 
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multi-level, independent variable and maternal fission-fusion rate, (1) and (2), as the dependent 

variable. Statistical analyses were performed using SAS (Proc Glimmix, SAS v. 9.1, Cary, NC,  

U.S.A.), and statistical significance was set at  < 0.05. All tests were two-tailed. 

 

 

 

 

RESULTS 

 

Mean Fission-Fusion Rates 

 

The calf fission-fusion rate (mean  SE) was 10.29  4.56 times per hour (N = 56). Male 

calves changed group membership 10.5  4.48 (N = 25) times per hour, and female calves 

changed group membership 10.3  4.53 (N = 29) times per hour (Table 1). The sexes of two 

calves were not known.  

The maternal fission-fusion rate, defined as changes in group composition when the 

mother was alone and when with her calf (1), was 4.74  2.54; N = 65. Excluding the follow 

minutes when the mother-calf pair was together, the overall maternal rate (2) was 1.05  1.03 

changes in group composition per hour (Table 2). The separation rate between the mothers and 

calves was 2.32 1.77 times per hour.  

 

 

Age Class 

There was a consistent developmental pattern with the highest rate of fission-fusion 

during the first year of a calf‟s life (Table 3, Figure 2).  The mean rate varied from 7.07-13.1 

times per hour with the lowest rates in the fourth age class (Table 1). The rate in age classes 2-4 

did not differ significantly from each other (Table 3).  
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Offspring Sex and Stability 

The first definition of the maternal rate was significantly correlated with the calf fission-

fusion rate (R
2
 = 0.239, P = 0.0002; Figure 3), with a nonsignificant interaction by offspring sex 

(Table 4). This rate (1) did not differ among sequential offspring (P < 0.05; Figure 4). The 

second definition of the maternal FF rate gave the same results, revealing a significant 

correlation with calf rate (R
2
 = 0.239, P = 0.0002), no interaction by offspring sex, and a no 

significant differences with successive calves. Maternal FF rate (1) is probably a more valid 

approximation of the rate because the mother is likely to exert a stronger influence over social 

interactions while the pair is together.  Therefore, Table 4 and Figures 3 and 4 display the result 

for the first definition only. 

 

 

 

DISCUSSION 

 

Early Calf Precociousness 

 

 Based on previous characterizations bottlenose dolphin society as highly fluid, we 

predicted and found high calf fission-fusion rates (10.7 times per hour). The lower magnitude of 

the maternal FF rate, 4.74  2.54 changes per hour, likely stems from the solitary nature of 

foraging events the mother engages in during separations from her calf (Gibson & Mann 2008b). 

In contrast, the calf takes advantage of these separations to exploit opportunities to hone its FF 

and social skills. Acquiring effective patterns of FF is paramount during early development, for 

permanent separation from their mothers or exposure to aggressive conspecifics and predators 

would threaten calf survival.  In addition, rich learning opportunities are likely made available by 
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FF events and subsequent interaction with multiple and diverse conspecifics during this 

formative period. This evidence of a greater degree of calf precociousness at an early age  

(Figure 2) is in agreement of Gibson & Mann‟s (2008b) previous investigation of other calf 

social parameters.  

 

Maternal Influence  

The similarity in calf and maternal FF rates supports the maternal influence hypothesis, 

which predicts that calves will emulate the association patterns of their mothers when separated.  

This may occur through social learning, although the precise mechanism is not known.  That is, 

calves are exposed to different social patterns when with their mothers and tend to emulate these 

patterns during separations. This is consistent with previous findings that during separations, 

calves showed social tendencies similar to their mothers (Gibson & Mann 2008ab). For example, 

during separations, the calves that spent a large proportion of their time alone corresponded to 

the mother-calf pairs that also spent a relatively high proportion of their time apart from others. 

In addition, female calves associated in group sizes that were similar to those of their mothers 

(Gibson & Mann 2008a). Also, the number of calf associates was correlated with maternal social 

patterns during separations (Gibson & Mann 2008b).  

Surprisingly, male and female calf rates were of similar magnitude, and female calves did 

not emulate their mothers‟ FF rates to a greater extent relative to males. While male progeny 

infrequently associate with their mothers post-weaning, females maintain their maternal 

networks, continuing to associate with their mothers into adulthood (Tsai & Mann in review). 

Moreover, females socially inherit their mothers‟ foraging tactics (Mann & Sargeant 2003; Mann 

et al. 2008; Sargeant & Mann 2009). Thus, strong bonds between mothers and female calves are 
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predicted to confer an adaptive advantage reflected in similarities among social dimensions such 

as FF rates.  

 Nonetheless, it is possible that a significant offspring sex interaction may appear among 

more mature age classes. During these later age classes, priorities may be reallocated from an 

early impetus to acquire fission-fusion in general to learning the nuances of sex-specific 

interactions. For instance, male-male alliances begin to form in the juvenile period, and 

potentially earlier (Mann 2006; Stanton & Mann in revision), and females spend an increasing 

proportion of time foraging relative to males (Gibson & Mann 2008b). 

 

 

 

Maternal Style 

 

 Although maternal FF rates did not significantly differ with each subsequent calf, 

maternal style may overwhelm potential differences. Different mothers are apt to demonstrate 

individual differences in all aspects of their sociality, including FF rates. Reexamination of the 

maternal rate with respect to birth order with a larger sample size may reveal significant 

differences. 

 Future research should examine a host of other potential covariates of fission-fusion 

dynamics. For instance, FF rates may relate to group size, behavioral context and other 

demographic and ecological variables. Diversity of FF across study sites or populations may 

prove insightful for explaining how environmental conditions influence dolphin association 

patterns.  Additionally, an investigation of directionality (who joins-leaves whom) may reveal 

the degree of autonomy a calf has in navigating its social and physical environment. Over 90% 

of mother-calf separations are initiated and terminated by the calf (Mann & Watson-Capps 



 18 

2005), but we understand little about these dynamics beyond the mother-calf dyad. In addition, 

rates should be quantified for the remaining juveniles and adults of both sexes.  

Furthermore, quantification of FF rates across high FF taxa would provide a metric for 

cross-species comparison among groups that have been linked by other shared characteristics 

including brain-to-body-mass, tool-use, high intelligence and rapid behavioral adaptability. In 

addition, a pattern in FF rates among different species may help characterize them according to 

one of the proposed routes (A or B) of FF evolution.   

 

 

Conclusions 

Despite the existence of abundant theoretical models for FF dynamics regarding various 

taxa, this study is among the first to calculate the rate of fission-fusion for bottlenose dolphins 

and directly study this feature of sociality quantitatively. FF rates will presumably contribute to 

other social metrics of taxa characterized by high fission-fusion dynamics and should prove 

relevant for comparative study.  

We found strong evidence for a high degree of social fluidity in the Shark Bay bottlenose 

dolphin population. Additionally, calf and maternal FF rates were similar, where maternal FF 

significantly predicted calf rate in support of the Maternal Influence Hypothesis. Calves 

emulated their mothers, but there was no significant interaction by offspring sex. Also, calves 

demonstrated higher FF rates during the first year of life. We suggest that the early years are 

critical for learning to navigate a complex social and physical environment, e.g., locating 

resources and associates, avoid permanent mother-calf separations, predation and aggressive 

conspecifics. Finally, although birth order did not predict maternal fission-fusion rates for 

mothers of multiple calves, maternal style may contribute to the substantial variation in the mean 
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rates. Sample sizes are too small to reject the null. Future research should examine directionality 

(who joins-leaves whom), other age-sex classes, and how FF rates relate to group size, 

behavioral context, and other demographic and ecological factors in hopes of a greater 

understanding of bottlenose dolphin sociality.  
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TABLES AND FIGURES 

 

Table 1. Overall Mean Calf Fission-Fusion Rates and by Offspring Sex and Age Class  

 

The rates (mean  SD) are given in changes in group composition per hour. The calf age ranges 

are given in months.  
 

 

 
Overall Offspring sex Age Class 

Female Male 1 2 3 4 

N 56 29 25 26 28 31 26 
Age 

Range 
(months) 

0-97.44 0-97.44 0-66.56 3-11.99 12-23.99 24-35.99 36-47.99 

Rate 10.29 4.56 10.3 4.53 10.5 4.48 13.2 6.32 9.69 4.39 8.42 5.78 7.07 3.58 

 
 
 

Table 2. Maternal Fission-Fusion Rates 

 

The rates (mean  SE) are given in changes in group composition per hour. The first column 

refers to the maternal fission-fusion rate defined as changes in group composition when the 

mother-calf pair is together and when the mother is separated from her calf (Alone 2). 

 

 

 

Overall Birth Order 

 Alone & Mother-
Calf (1) 

 Alone (2) Calf 1 
 

Calf 2 
 

Calf 3 
 

Calf 4 
 

N 65 65 28 30 14 9 

Rate 4.74  2.54 1.05  1.03 4.58  2.31 5.60  2.09 5.75  2.23 8.66  3.17 
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Table 3. Calf Fission-Fusion by Age Class 

 

Results from the longitudinal random effects growth curve regression model for the comparison 

of calf fission-fusion rates across age class: how the fission-fusion rate changes with 

age. Significant values are bolded (P < 0.05, df = 1).  
 

 
Age class comparisons Mean Change in Rate t P 

1 vs 2 -3.49 1.88 -2.27 0.0250 

1 vs 3 -4.76  1.85 -2.57 0.0115 

1 vs 4 -6.12  1.90 -3.22 0.0017 

2 vs 3 -1.27  1.48 -0.86 0.3924 

2 vs 4 -2.62  1.54 -1.71 0.0905 

3 vs 4 -1.35  1.37 -0.99 0.3262 

 

 

Table 4. Comparing Calf to Maternal Fission-Fusion 

 

Results of the mixed, linear regression model used to compare the maternal and calf fission 

fusion rate with respect to sex and birth order. Variables were added hierarchically to determine 

which predicted calf rate. Significant values are bolded (P<0.05), and the colored box surrounds 

the outcome of the test for an offspring interaction. Only the maternal fission-fusion rate was a 

significant predictor of calf rate. 

 

 
  0= maternal fission-fusion rate 

  1= offspring sex 

  2= offspring sex*maternal fission-fusion rate 
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Figure 1. Fission-Fusion Rate by total number of observation minutes 

 

Above 60 minutes, fission-fusion rates were no longer correlated with total number of follow 

minutes.  

 

 
 

 

Figure 2.  Calf Fission-Fusion Rates by Age Class.  

 

Calf fission-fusion rates differ between age class one and each of the subsequent classes.  

* p<0.05, ** p<0.01 
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Figure 3.  Relationship between Calf and Maternal Fission-Fusion Rate.  

 

Maternal fission-fusion rate is correlated with calf fission-fusion rate. 

 

 
 

 

Figure 4.  Maternal Fission-Fusion Rates by Calf Birth Order.  

 

Maternal fission-fusion rate does not vary among calf birth order. The overall maternal rate 

(Mean  SE) was 4.74  0.31 (N=65).  
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