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ABSTRACT OF THE DISSERTATION 

INVESTIGATION OF GROUP LEADERSHIP IN A FISSION-FUSION SPECIES, 

THE BOTTLENOSE DOLPHIN 

by 

Jennifer Susan Lewis 

Florida International University, 2010 

Miami, Florida 

Professor Douglas Wartzok, Major Professor 

Consistent leadership of group travel by specific individuals has been documented in 

many animals.  Most species exhibiting this type of leadership have relatively stable 

group membership. Animals using fission-fusion grouping are not expected to use 

specific leaders because associations would not be frequent. Certain conditions, however, 

may allow this type of control over group travel to occur. First, a population would need 

to be small enough to allow regular associations between individuals. Second, leadership 

may be useful if the environment where the population in question lives is complex and 

requires learning to access the resources efficiently. To determine whether fission-fusion 

species existing under these conditions utilize specific individual leadership, I examined a 

small residential population of bottlenose dolphins (Tursiops truncatus) in the Lower 

Florida Keys (LFK) where the benthic habitat is highly complex. My goals were to 1) 

determine whether specific individuals in this population led group travel more often than 

expected; 2) determine whether certain factors predicted which animals would lead most 

often and 3) investigate the benefits of leading to leaders and to followers in a  
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fission-fusion society. Multiple types of data were collected to answer questions posed 

including dolphin behavior (for leadership analyses), fish sampling (to examine dolphin 

habitat use under leadership), and dolphin biopsy sampling (for genetic analyses). Results 

of analyses provided strong evidence for consistent leadership in this population. Leaders 

were female, most were mothers and on average they had larger measures of centrality 

within the LFK population. Leaders benefited by leading individuals who were more 

closely related than expected. Followers benefited from efficient access to profitable 

habitat. Results build on previous leadership research by expanding our knowledge about 

the type of species in which specific individuals lead and predictors for what types of 

individuals may lead. Additionally, results provide the first detailed information about 

benefits group members obtain by both leading and following.   
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CHAPTER I: INTRODUCTION 
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Early observations of primate travel processions and how leadership decisions were 

negotiated within them (e.g., DeVore and Washburn 1963; Rowell 1969; Kummer 1971) 

sparked continued interest in the study of leadership. Today the field has expanded to 

include topics ranging from predicting how leadership is manifested in groups (e.g., King 

and Cowlishaw 2009; Bonanni et al., 2010; Conradt and Roper 2010) to modeling the 

forces that maintain accurate travel (e.g., Couzin et al., 2005; Mireabet et al., 2008; 

Rands et al., 2008). Despite growing interest in the field, many aspects of leadership 

remain unstudied. In this dissertation, my objective was to add to knowledge about 

leadership, through study of a fission-fusion species, where leadership was not generally 

expected, (Fischoff et al., 2007), but ecological conditions might provide the opportunity 

for its use. The purpose of this chapter is to provide a general introduction to research on 

leadership and to outline how my studies build on our current knowledge of this subject.  

Forms of Group Leadership 

Leadership involves decision making that directs group behavior.  These decisions can 

range from rule making that aids group organization to guidance in travel direction. How 

decisions are made within groups can vary, ranging from full group participation (shared 

consensus: Conradt and Roper 2005) to despotism, where one or few individuals control 

choice (e.g., wolf packs: Peterson et al., 2003). Combinations of the two can also exist, 

where individuals can choose to allow a subset to make decisions for them. Shared 

consensus decision making is expected to occur when needs vary between group 

members (Conradt and Roper 2010). As fission-fusion group formation is based on 

variation in individual needs, fission-fusion type species are not expected to demonstrate 
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consistent leading by specific individuals (Fischoff et al., 2007). However, under certain 

conditions, consistent leading by specific individuals may still be possible. One major 

hindrance for consistency in leading is the ability for specific individuals in a fission-

fusion society to interact on a regular basis. But, regular interaction can occur in 

relatively small residential populations. More importantly, for leadership to emerge in 

such a society there must be benefits to followers that result from following specific 

individuals. Environmental complexity where substantial learning is necessary, may 

provide the impetus for consistent leading by specific individuals to develop.   

In Chapter II, I examine whether consistent leading by specific individuals occurs 

in a population of a highly dynamic fission-fusion species (changing complete group 

composition frequently over hours or days), the bottlenose dolphin (Tursiops truncatus), 

found in the Lower Florida Keys, (LFK). Several characteristics of this population 

suggest that specific leaders might be used. First, the LFK population is small and 

residential, so interactions among specific individuals are frequent, allowing assessment 

of individual capacity and ability to lead. Secondly, the habitat in the LFK is extremely 

heterogeneous, with usable areas divided by large expanses of impassible areas (e.g., 

shallows or islands) suggesting that individual experience may vary among dolphins. 

Individual dolphins may then differ in the efficiency with which they use habitat (i.e., 

some individuals will be better leaders than others). On the basis of these conditions, I 

predicted that dolphins of the LFK should be capable of identifying good leaders, and 

that following individuals with greater knowledge about how to best access profitable 

areas, may be important in the LFK. Therefore, leading by consistent individuals might 

be expected.  
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Predicting who will lead 

Following early studies demonstrating leadership, focus shifted towards determining the 

type of individual more likely to lead in a particular society (e.g., Rowell 1969; Kummer 

1971; Dunbar and Dunbar 1971). Given the diverse taxonomic and ecological conditions 

under which leadership has been documented, it is not surprising that the type of 

individual leading varied considerably between species. Both females and males were 

documented as consistent leaders (e.g., females: lemurs, Erhart and Overdorff 1999; 

mongoose, Rasa 1987, males: howler monkey, Milton 2000; chacma baboon, Rhine et al., 

1985). In many cases where specific individuals lead, these individuals were also 

dominant (e.g., capuchins, Di Bitetti and Janson 2001; wolves, Peterson et al., 2003). 

Other factors investigated included physiological state, experience and personality. 

Controlled experiments determined that hungrier individuals were more likely to lead 

under some conditions (Krause et al., 1993; Rands et al., 2003) and that experience 

(Levin 1996; Reebs 2000) and exploratory nature (Beauchamp 2000) may play a role in 

leadership dynamics. Finally, knowledge about the location of resources has been 

suggested as driving which individuals lead in groups (Lusseau and Conradt 2009; King 

and Cowlishaw 2009).  

Investigation of factors associated with leadership have focused on species where 

group membership is fairly stable (i.e., group membership is relatively unchanging over 

time). In Chapter III of this dissertation I examine potential predictors of who leads. 

Because group membership changes frequently and dominance hierarchies are unlikely in 

dolphins of the LFK, there is no a priori expectation that one gender would be more 

likely to lead than the other.  
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However, energetic demands can influence leadership (e.g., Krause et al., 1993; Rands et 

al., 2003), so I examined gender and reproductive state (females with calf or without 

calf).  

Enhanced knowledge of habitats and resources are a potential basis for leadership. 

Multiple communities exist across the LFK. Communities are defined as individuals that 

interact frequently with one another (frequency ranging from daily to monthly), and share 

space use (>50% of home range). Documenting associations of leaders with individuals 

in more than one community would indicate a greater scope of area familiarity for leaders 

(if followers do not do the same). Measures of centrality within a social network can 

provide information about how individuals are positioned within their social network 

through connections to subgroups within a population (e.g., communities). If leaders are 

central within the LFK social network, then they likely have more associates, and groups 

of these associates are connected to one another only through links to leaders (Croft et al., 

2008). In Chapter III, I used social network analysis to determine if and how network 

positions differed between leaders and followers.  

 

Why Follow and Why Lead? 

Central to the dynamics of leadership are the relative costs and benefits of leading and 

following. Studies mindful of leader costs and benefits have focused on increased access 

to resources through location prior to other group members for leaders (i.e., “finders 

share”: Di Bitetti and Janson 2001; Barelli et al., 2008). Benefits to followers cited 

include access to resources through greater knowledge held by leaders (e.g., Lusseau and 
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Conradt 2009; King and Cowlishaw 2009) and increased concentration on tasks other 

then travel decision making (Piyapong et al., 2007).  

In fission-fusion societies, individuals have the choice to follow, or to head out on 

their own with the possibility that others will choose to follow them. To consistently 

follow specific individuals under this type of grouping indicates that benefits are greater 

when following leaders, either through increased access to resources or through 

decreased energy expenditure when searching. Increased access to resources may be 

provided by leaders who have greater knowledge about profitability of habitat types and 

who are familiar with more areas that can be used for foraging. Decreased energy 

expenditure may be provided if leader led groups travel more directly when moving 

through habitat between foraging locations. In Chapter IV, I investigate what benefits are 

provided to followers by 1) comparing leader-led to follower-led groups to determine 

whether they differed in habitat use according to prey availability, 2) comparing home 

range characteristics (size and number of distinct areas within) between leaders and 

followers to determine if leaders had the ability to provide access to more area, and 3) 

comparing travel directness and number of lead animal changes when traveling for leader 

led and follower led groups to test travel efficiency.  

Studies of leader benefits have focused on species with non-motile prey (fruit and 

leaves) (Di Bitetti and Janson 2001; Barelli et al., 2008). Bottlenose dolphins in the LFK, 

however, forage on prey that are mobile, patchy and generally do not occur in large 

schools (Lewis, personal observation). As a result, group members have equal probability 

of locating a fish to consume. Without the “finders share” to offset the costs of tolerating 

followers, the question remains “why lead?” One possibility is that leaders are providing 
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benefits to relatives. In Chapter V, I test this hypothesis by examining whether leaders are 

related to their followers. 
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ABSTRACT 
 

Leadership by specific individuals is thought to enhance the fitness of group members by 

allowing them to take advantage of the knowledge or skills of key individuals. In general, 

consistent leadership is expected to occur primarily in stable groups of related individuals 

where the benefits enhance the inclusive fitness of a leader. Societies with less stability in 

group composition (i.e., fission-fusion groups) are less likely to feature unshared decision 

making. However, in situations where frequent interactions among individuals occur 

(e.g., small population size and small range of movement) and/or the complexity of the 

environment requires substantial experience and knowledge, consistent leadership might 

be expected. I tested if a highly dynamic fission-fusion society of bottlenose dolphins 

(Tursiops truncatus) inhabiting a complex environment exhibited leadership when 

traveling. A small number of specific individuals led group travel more often than 

expected by chance, and were more likely to initiate successful direction changes of 

groups than following individuals. The number of leaders in a group remained relatively 

constant across a wide range of group sizes and was not affected by the number of 

potential leaders (i.e., those that had led previously) present in the group. Together these 

results suggest that leadership can occur in highly dynamic fission-fusion societies and 

loss of key individuals could have disproportionate effects on population dynamics.  

Key words: Bottlenose dolphin, decision making, fission-fusion, group movement, group 

size, keystone individual, leadership, Tursiops truncatus 
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INTRODUCTION 
 

Unraveling the costs and benefits of group formation has been a primary goal of 

behavioral biologists, resulting in studies across a wide range of taxa and ecological 

conditions (see Krause and Ruxton 2002). Less work has focused on the relative 

contributions of specific individuals to the success of groups and to individuals in them. 

This perspective is important because individual contributions to foraging, reproductive 

success, and survival of group members can be divided unequally, either through 

proportion of time engaged or through variation in tactics used (e.g., producer/scrounger 

dynamics: Caraco and Giraldeau 1991; “keystone individuals”, Sih and Watters 2005).  

Leadership, “where one or a few individuals steer the behavior of many” (King et 

al. 2009) also results in variation in group member contribution. For some species 

direction of travel is guided primarily by a small number of individuals (e.g., Erhart and 

Overdorff 1999; Reebs 2000; Peterson et al. 2002; Stueckle and Zinner 2008). As a 

result, these ‘leaders’ contribute disproportionately to the relative success of other group 

members because they guide them to or away from profitable resources (e.g., Conradt 

and Roper 2005; Fischhoff et al. 2007). For example, in African elephants (Loxodonata 

sp.) matriarchs appear to provide leadership for group travel (Payne 2003). Memory of 

water sources (sometimes in locations not visited in over a year’s time) by matriarchs 

appears to be responsible for the relative success of this species compared to others 

during severe droughts (Viljoen 1990; Payne 2003). In species where group membership 

is relatively unchanging over time (e.g., gray wolves, Canis lupus, Peterson et al. 2002) 

followers must abide by the leader’s decisions in order to maintain group stability (i.e., 
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“unshared consensus decision making” Conradt and Roper 2005). However, in fission-

fusion societies where group composition and size changes frequently, individuals can 

select the group size, and potentially the specific group, that will maximize their fitness. 

Although fission-fusion societies exhibit considerable variation in the organization level 

and rate at which groups change in size and composition, in highly dynamic fission-

fusion societies (i.e., high rates of change) interactions with the same individuals will be 

less frequent than in societies with stable groups. Therefore, consistent leadership by a 

restricted set of individuals should be less likely (Fischhoff et al. 2007). Such consistent 

leadership by specific individuals has been described primarily in species with relatively 

stable groups characterized by a dominance hierarchy (e.g., capuchins, Cebus sp., Di 

Bitetti and Janson 2001; gray wolves, Peterson et al. 2002). However, there may be 

situations where dynamic fission-fusion societies might also demonstrate consistent 

leadership. For example, in complex habitats where resources are not easy to locate or 

navigation among habitats could be dangerous without adequate experience and 

understanding (e.g., risk of predation or starvation), knowledgeable individuals may 

consistently lead groups even if group composition is unstable. Additionally, individuals 

in some fission-fusion populations (i.e., those with small population size, restricted 

individual ranges, and small group sizes) interact frequently with other individuals 

providing an opportunity for individuals to identify effective leaders. Anecdotal evidence 

suggests that leadership when traveling does occur in some fission-fusion species: e.g., 

African elephants (Payne 2003), spider monkeys, Ateles sp., (Milton 2000). However, 

formal testing has yet to provide conclusive evidence for specific individual leadership, 

particularly in highly dynamic fission-fusion species.  
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Bottlenose dolphins (Tursiops sp.) are an example of a dynamic fission-fusion 

species that have demonstrated individual recognition (e.g., Connor et al. 2001). Recent 

work in Doubtful Sound, New Zealand on bottlenose dolphins has indicated that specific 

individual bottlenose dolphins may influence activity shifts through slapping the water 

surface (“side flops” and “lobtailing”) (Lusseau and Conradt 2009).  This finding 

suggests that in bottlenose dolphins specific individuals have the capacity to influence 

movement of group members.  However, it remains unclear whether this finding extends 

to other bottlenose dolphin populations and whether specific individuals influence group 

movement during travel.  

The population of bottlenose dolphins inhabiting the heterogeneous coastal 

habitats of the Lower Florida Keys (LFK), USA offers a model system for examining 

these questions. First, the complexity of the area provides an impetus for use of 

knowledgeable individuals as leaders. The LFK is composed primarily of shallow waters 

(average depth ~2m, range .5-10m) with both vegetated (seagrass) and unvegetated 

regions (sand or hard bottom), bifurcated by deeper channels (range 4-10m). Diurnal 

tides are small in magnitude (0.15-0.3m) but affect fish (Sogard et al. 1989) and dolphin 

movement (Lewis and Schroeder 2003) because changes in water depth modify the 

accessibility of, and ability to safely traverse, large areas of shallow habitat. Second, 

study of individuals within groups is possible in the LFK because the population is small 

(~150-200) and residential, and features small group sizes (Mean = 4.4 + 3.3 SD, Lewis 

2002) and easily recognized individuals. LFK dolphins are characterized by a high rate of 
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fission-fusion (Mean = 54 + 23min SD between changes in group composition; 

unpublished data), such that the composition of all groups in this study was different. 

I used the LFK population to test: 1) if certain individuals led by position (i.e., 

front of the group) more often than expected; 2) if positional leaders controlled direction 

change more often than positional followers (to determine if control was correlated with 

position); and 3) whether factors including group size and number of potential leaders 

contributed to the number of individuals that led a group.  

METHODS 

Data collection 

Dolphins were located during surveys (n = 238) from a 5m Open Fisherman with an 

110hp outboard between October 2001 and September 2007 in the LFK (Fig. 1). Surveys 

followed pre-determined routes along smaller zones within the study area (Fig. 1) 

traveling at approximately 22km/hr. One to four zones were covered each survey day 

(depending on weather conditions). Surveys occurred primarily (>95%) in zones 1, 2, 4 

and 5 for the current study because dolphin sightings are more frequent in those areas. 

Survey routes allowed complete observation of all navigable waters within these zones. 

Surveys were only conducted under Beaufort wind conditions of three or less. When 

dolphins were located, I initiated continuous data collection of group members (Altmann 

1974). I defined different groups (varying in composition from one another) to be my 

sampling units, and refer to these as “group samples”. During my study I collected 171 

group samples (>1 individual). Individual dolphins were identified using unique patterns 

of nicks and cuts on their dorsal fins (Würsig and Würsig 1977). I recorded the relative 
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positions of all individuals when animals surfaced, direction change attempts by all 

animals (change in heading estimated at > 35º) and success of the attempts (i.e., other 

groups members followed the new heading). It was possible to collect data on individual 

dolphins in LKF groups, especially the identity of individuals in the front position of 

groups, because group sizes are small (see above) and fins are easily identifiable. Group 

size and composition were continuously monitored during sampling. Groups were 

defined as all animals within approximately 100m that likely were interacting, (i.e., 

traveling in the same direction, socializing and maintaining proximity when foraging) 

(Shane 1990). Group fission was considered a physical separation (generally considered 

when over 100m apart) of previously grouped individuals who were no longer interacting 

(i.e., no longer traveling, socializing or foraging together). This definition was useful for 

my particular study, because dolphins in the LFK tend to travel in different directions 

when fission occurs (personal observation). Also the multiple islands and shallows (< 

0.3m) that divide areas where the LFK dolphins live hinders vocal communication as 

dolphins move apart. When fissions occurred, I maintained sampling with the portion of 

the group that contained the individual that had previously been in the front position 

during group travel.  

Because my data included relative positions of individuals during surfacing 

events, it was important to verify whether surfacing positions corresponded to subsurface 

travel. This was done using an overhead video camera (Sony® CD52W) mounted below a 

tethered airship (Floatograph®) (Fig. 2). Pan, tilt and zoom of the lens mounted below the 

airship were controlled on board the vessel where video was displayed on a monitor and 
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recorded to DVD. Because waters of the Florida Keys are relatively clear (visibility 

averages ca. 6m) the overhead camera allowed continuous viewing of dolphins across 

most of my study area. I collected positional data for 41 individuals in 17 groups (15 

hours of footage) using the airship. Footage was reviewed using The Observer® (Noldus 

Information Technology).  

 

Data Analysis 

I used two methods to define a threshold level for the time spent in the front position that 

could be considered as “leading” for each group sampled. These methods were used not 

to test explicitly for consistent leadership by specific individuals, but to identify a 

threshold for classifying individuals during a particular group sample as assuming a 

greater proportion of time in the lead position than is typical (i.e., calling a dolphin a 

‘leader’ during a particular group sampling). Using this threshold for leadership during a 

group sampling, I could then investigate if particular individuals led during more group 

samples than would be expected by chance (i.e., displayed “consistent leadership” across 

group samples). Methods for determining this within-group sample threshold for 

leadership included 1) comparing the number of individuals that led for different total 

proportions of surfacing events during the first 30 min of each group sample (Bins used: 

0%, >0 to 10%, >10% to 20%, etc.), and 2) comparing the average leadership values 

between individuals that had been sampled at least 5 times (n = 47 individuals). Using 

individuals who had been sampled at least 5 times provided me with a representative 

group that included 47% of all individuals sampled.  
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Using the within-group sample leadership threshold (20% of group sample 

duration in lead position; see Results), I examined if specific individuals exhibited 

leadership during more group samples than would be expected by chance. Data used 

included only the part of a group sample prior to any fission or fusion event (if one 

occurred during that group sample). I employed a randomization protocol (Manly 2006) 

using data from 20 individuals. These individuals were chosen based on sample size 

requirements per individual (power analysis, β> .80). I compared the number of times 

each individual led >20% of a group sample to the number expected based on 1000 

randomization iterations for each individual (i.e., a test was performed for each 

individual). For each iteration, I randomly reallocated the observed proportions of time 

individuals spent in the lead among all group samples of the twenty individuals tested. I 

then determined the number of times the focal individual was in the lead position of a 

group sample >20% of the time based on the randomizations. I compared my field 

observations to the distribution of expected number of group samples that individuals 

were a leader and considered an individual to consistently be a leader if the field 

observation was greater than 97.5% of the randomizations (P<0.05 for a two-tailed test).  

To determine if positional leaders controlled group movement, I examined factors 

affecting the probability of successfully changing the direction of a group’s travel 

(defined as having other group members follow the new heading). Using logistic 

regression (Tabachnick and Fidell 1996) I tested whether position within a group (i.e., 

lead position or following), group size, or number of participating leaders influenced the 
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probability of successfully changing the direction of a group’s travel. No individuals 

were used more than once in this test. 

To examine how the number of leaders in a group (leading defined using 

threshold) was affected by group size, I used Theil’s regression (Daniel 1990). We 

included only adults, because calves could not be potential leaders and did not move 

ahead of group members when traveling. Number of leaders was also compared pre and 

post fission and fusion (using Wilcoxon tests). To determine whether the number of 

leaders per group differed from the number available I used a Wilcoxon sign rank test. 

Available leaders used were those that had led (according to our threshold of leadership) 

during the year of the group sample tested. Finally, I examined the number of leaders per 

group sample to the length of the group sample to determine if sample length affected the 

number of leaders noted (Spearman Rank Correlation).  

RESULTS 
 

Using video collected from the airship, I found no significant differences between the 

proportion of time individuals spent in the lead position of a group (both surface and 

subsurface observations) and the proportion of time in lead position by those individuals 

based only on surfacing events (Wilcoxon paired sign rank test: z = -0.28, P = 0.77). 

Thus, relative positions of individuals during surfacing bouts reflect total time spent in 

lead positions.  

The majority of individuals (69%) spent <20% of the time leading during the first 

30min of all group samples (Fig. 3). Seventy percent of all individuals also had average 

leadership values that were < 20% (Fig. 3). Because both methods indicated that the 
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majority of individuals spend < 20% of their time leading, I established 20% as the 

threshold for an individual to be classified as a leader for a specific group sample.  

The Monte Carlo simulation showed that three of the 20 individuals tested led 

during more group samples than expected based on chance (Fig. 4; see Fig. 5 for an 

example). These individuals led >20% during the majority of all group samples where 

they were present (proportion of group samples where individuals led ranged from 77% 

to 84%).  

The probability of initiating a successful direction change was influenced by the 

position of the individual (leader vs. follower) (χ2 = 22.52, df = 1, P = 0.0001) but not by 

group size (χ2 = 0.52, df = 1, P = 0.47) or the number of leaders in the group (χ2 = 0.49, 

df = 1, P = 0.49). Leaders made more attempts at changing direction and were more 

successful than followers (88% of 26 leader attempts, compared to 38% of 13 follower 

attempts) (Pearson Chi-Square: χ2 = 18.59, df = 1, P < 0.0001) (Fig. 6).  

The number of individuals in a group that led during a group sample remained 

constant over all group sizes (slope = 0, τ = 0.13, P = 0.06). Total number of leaders per 

group sample never exceeded three, and most group samples had only one (46% of group 

samples) or two (44% of group samples) leaders. The number of leaders did not change 

significantly after fission (Wilcoxon Test: P > 0.999) or fusion (Wilcoxon Test: z = -0.78, 

P = 0.44). 

The number of participating leaders (Mean = 1.61±0.61 SD) was significantly 

lower than the number of potential leaders in a group (Mean = 3.75±2.39 SD), (Wilcoxon 
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Test: z = -8.474, P < 0.0001, n = 122) and the number of leaders did not vary with the 

length of time that a dolphin group was sampled (Spearman Rank Test: rs = 0.12, t = 

1.37, n = 131, P = 0.17).  

DISCUSSION 
 

My findings indicate that most individual bottlenose dolphins in the Lower Florida Keys 

spend little time leading group movement, but a small number of individuals consistently 

spend a significant amount of time in the lead position. This small subset of leading 

individuals was disproportionately responsible for the direction of group travel; they 

controlled group movement through position and success at direction change. Together, 

these results provide the first evidence for leadership by specific individuals when 

traveling in a highly dynamic fission-fusion society. 

To date, consistent leadership when traveling has been documented primarily in 

societies with stable group composition (e.g., Rasa 1987, Peterson et al. 2002).  Such 

leadership roles tend to coincide with dominance hierarchies (Peterson et al. 2002; 

Fischhoff et al. 2007; King et al. 2008; Jacobs 2008). In non-hierarchical groups, leaders 

tend to be those in need of a specific resource (i.e., “diversified leadership”, Levin 1996; 

or “leading according to need”, Conradt et al. 2009). Hungrier animals will start traveling 

first and because others within the group tend to follow these movements, they will travel 

in the direction established by the leader (Šárová et al. 2007; Barelli et al. 2008). Under 

“diversified leadership”, the animal in the lead can vary from travel point to travel point 

and the individual in front changes frequently with no consistency in leader identity over 

time. Because the composition of groups changes frequently, and is often based on the 
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particular needs and behavioral state of individuals, animals in fission-fusion societies 

would be expected to follow a particular individual for relatively short periods of time, 

but specific individuals should not consistently be found in the lead position (Fischhoff et 

al. 2007).  

Certain conditions are likely necessary for consistent leadership by specific 

individuals in highly dynamic fission-fusion societies. These may include a complex 

environment or spatiotemporal variation in resource abundance and/or predictability that 

require significant learning for efficient movement. Leadership may be important for 

LFK dolphins because of the heterogeneous and complex nature of the marine habitat in 

this region. Seagrass flats and unvegetated shallow water basins are surrounded by many 

large stretches (ranging from ~1 to 20km2) of extremely shallow water (<0.5m) that are 

not accessible at low tides. Many expanses of productive shallow habitats are accessible 

only via a handful of deeper channels. Because some areas can only be accessed or 

traversed during high tides, and others are only accessible via few deeper channels, 

mistakes regarding movement paths could lead to stranding or a loss of foraging 

opportunities. Therefore, dolphins without sufficient experience would benefit by 

following others with greater knowledge.  

Particular features of a fission-fusion population may also help to determine if 

specific individuals will consistently lead group movements. Leadership by specific 

individuals on a repeated basis requires frequent and regular interaction among the same 

individuals so that followers can identify effective leaders. Therefore populations would 

need to be small, form small groups, with individuals inhabiting small and stable home 
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ranges. The LFK population exhibits all of these features. Some bottlenose dolphin 

populations with fission-fusion dynamics, may be less likely to exhibit consistent 

leadership because of large population sizes (e.g., Mississippi Sound, Hubard 1998), 

long-distance migrations (e.g., Atlantic Coast United States, Barco et al. 1999; Wood 

1998) large group sizes (e.g., Pacific Coast, United States, Defran and Weller 1998), or 

relatively predictable resources and easily navigable habitats (e.g., Shark Bay, Australia, 

Heithaus and Dill 2002).  

Interestingly, in the LFK, the number of individual dolphins that led during a 

group sample remained low (never greater than three and usually only one or two) 

regardless of group size or length of group sample, even when multiple potential leaders 

were present. Because it only takes a few informed individuals to move a group 

accurately from one point to another (Couzin et al. 2005; Dryer et al. 2008), it is likely 

that having a low number of leaders per group provides a mechanism for more efficient 

travel (Conradt and Roper 2005). A low number of leaders may reduce chaos in decision 

making, wasting less time and energy.  

Control of group movement varies within and among species (Overdorff et al. 

2005; Fischhoff et al. 2007). In another closely related bottlenose dolphin species, 

Tursiops aduncus, in Shark Bay, Australia, male pairs and trios control movement of 

individual reproductively-cycling females through aggressive herding (Connor et al. 

1992). I have not observed herding in LFK bottlenose dolphins. Instead, males usually 

interact reproductively with females in larger mixed-sex groups. Sexual activity in LFK 

groups usually occurs towards the rear of a group because the involved individuals are 
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slower to progress. These individuals follow movement choices but do not initiate them. 

In Doubtful Sound, surface slapping (side flops and upside down lob tails) by bottlenose 

dolphins (Tursiops truncatus) initiates activity changes in groups (Lusseau and Conradt 

2009). In the LFK, surface slapping occurs rarely, and only in a social context. Although 

these factors (herding or control of movement through surface impact behavior) did not 

contribute to control of movement in the LFK population, they need to be considered in 

studies of leadership for other dolphin populations. Indeed, results from Shark Bay, 

Doubtful Sound, and LFK suggest that specific individuals may disproportionately 

influence group activities and/or movements in multiple bottlenose populations.  

The presence of leadership in the LFK population has important implications for 

conservation and management. LFK animals guiding movement may be ‘keystone 

individuals’ and potentially play an important role in the viability of the LFK population 

by shaping habitat use patterns and enhancing foraging opportunities for other 

individuals. When matriarchs in groups of African elephants (Loxodonta africana) are 

lost from the population, significant disruption can occur to the remaining group 

members, because these ‘leaders’ (Payne 2003) act as storehouses of critical social 

information that enable groups to manage time efficiently (McComb et al. 2001). Coastal 

dolphins are under pressure from many sources (e.g., contaminants, Litz et al. 2007, 

habitat alteration, Watson-Capps and Mann 2005, and vessel traffic, Nowacek et al. 

2001) and although these stressors may not disproportionately affect leaders, my results 

suggest that the loss of specific individual dolphins (leaders) from the LFK population 

may have a greater proportional impact on the population than would be expected 
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otherwise. Further investigations of the specific roles of leaders and the characteristics of 

individuals that are consistent leaders, therefore, should be a priority.   
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Figure 1. Lower Florida Keys research area. Numbered zones within the study area 
include all navigable waters. 
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Figure 2. A Floatograph® airship, (a), was used to mount a video camera, (b), for 
continuous monitoring of dolphin behavior. The airship was tethered to the research 
vessel and towed during surveys and group sampling. 

 

(a) 
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Figure 3. A Floatograph® airship, (a), was used to mount a video camera, (b), for 
continuous monitoring of dolphin behavior. The airship was tethered to the research 
vessel and towed during surveys and group sampling. 

  

(b) 
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Figure 4. Measures for time spent leading by individuals. These preliminary analyses 
allowed determination of leadership threshold to be used in each group sampling. (a) The 
proportion of individuals that led groups for different percentages of time during the first 
30 minutes of 104 group samples and (b) The proportion of individuals with various 
average time spent leading across group samples (individuals used had >5 group samples, 
n = 47 individuals). Bars representing the number of individuals that were < 20% of all 
observations are colored black for each graph. Black bars in both graphs represent greater 
than the majority of observations for each comparison (69% and 70% respectively). 
Numbers above bars are the number of individuals. 
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Figure 4. The proportion of group samples where individual dolphins spent more than 
20% of the sample in the lead position. Individuals that led significantly more than 
expected based on chance are labeled (*). All animals leading more than expected had  
P <0.002. 
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Figure 7. Number of successful and unsuccessful direction change attempts by leading 
and following bottlenose dolphins. 
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CHAPTER III: PREDICTORS OF LEADERSHIP IN FISSION-FUSION GROUPS 
OF BOTTLENOSE DOLPHIN (TURSIOPS TRUNCATUS) 
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ABSTRACT 
 

Which individuals lead in animal groups varies considerably among species. Predicting 

factors have included gender, physiological state, experience and social rank. I examined 

if certain factors including gender, reproductive state (with or without calf), and position 

within the existing social network, could predict which individuals would lead in a highly 

dynamic fission-fusion species, the bottlenose dolphin (Tursiops truncatus). I found that 

leaders were female, they were not close relatives, and all of reproductive ages were 

mothers. Additionally, leaders had central positions within the social network, indicated 

by high betweenness and degree values.  Females in dynamic fission-fusion societies may 

be more likely to lead than males because they are driven by greater needs to locate 

resources (when taking care of young). However, as many follower females were also 

mothers, this cannot be the major force behind predicting leadership. Position in the 

social network is likely most important. Central positions within the network for these 

females resulted from associations with individuals from two communities. These 

associations occur across multiple areas where these communities are found, resulting in 

different space use by female leaders. More varied space use may indicate greater area 

knowledge, which could be useful to those who choose to follow them.  

 

 

Key words: betweenness, centrality, degree, dolphin, fission-fusion, gender, leadership, 

social network, Tursiops truncatus 
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INTRODUCTION 
 

In many species, specific individuals act as group leaders when travelling (e.g., Peterson 

et al. 2002; King et al. 2008), yet the type of individual that leads varies considerably 

among species. For some cases, physiological state may be important, because hungry 

individuals may be strongly motivated to search for food (e.g., Krause 1993; Fischhoff et 

al. 2007).  In some species, social rank determines who will make leadership decisions 

(e.g., wolves: Peterson et al. 2002; mongooses: Holekamp et al. 2000). While under other 

circumstances, experience may play a role (e.g., Reebs 2000; Jakimchuk and Carruthers, 

1983; Payne 2003). Gender of leaders also varies, and may be tied to social status within 

a group (dominant males: Kummer 1971; Milton 2000 and dominant females: Rasa 

1987), or to physiological needs (e.g., lactating females, Fischhoff et al. 2007).   

Leading by specific individuals when travelling is expected to occur in relatively 

stable groups (Fischhoff et al. 2007).  But, it now appears that leadership also can occur 

in highly dynamic fission-fusion species (Chapter II) (highly dynamic meaning changing 

group membership frequently over periods of days or hours). When individuals can make 

choices regarding whether to follow or to move independently, as occurs in fission-fusion 

grouping, predictors about who might lead most often are more difficult to identify.  

Because of variation in ecological and individual conditions, leadership and factors 

associated with leadership behavior may also vary. If specific individuals lead more often 

than expected however, then we might expect consistent predictors of leadership.  

To examine which factors predicted who leads in a fission-fusion society, I 

studied a residential population of bottlenose dolphins (Tursiops truncatus) in the Lower 
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Florida Keys (LFK), where evidence for specific individuals leading has been 

demonstrated (Chapter II).  This species is characterized by frequent change in group 

membership (daily and hourly) (Connor et al. 2000) , (average LFK group size = 4.4, SD 

= 3.3, Lewis 2002). However, in the LFK, the population is small (approximately 200 

animals catalogued since 1999, Lewis unpublished data), and residential, creating the 

opportunity for individuals to associate frequently. Potential predictors investigated 

included gender, reproductive state, kinship (between leaders) and centrality within the 

social network.  

 

METHODS 
 

Data were collected for this study in the Lower Florida Keys (LFK) (Figure 1).  Evidence 

for leading by specific individuals had been found in this area, (leading defined as having 

control of direction of group movement through initiation of direction changes and by 

leading through front position, Chapter II).  Previous tests for leadership involved twenty 

individuals. Of these, three were found to lead more often than expected based on chance 

alone (Chapter II). I used these twenty individuals (leaders and followers) and examined 

if specific factors predicted who would be more likely to lead in this population.  

 

Gender, Kinship and Reproductive State 

Samples for analysis of gender and kinship were collected through biopsy surveys in the 

LFK. Biopsies were collected using a recurve crossbow (Barnett® Wildcat III) with 
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modified bolt tips (see Krützen 2002 for design of bolt tip) and were stored in 20% 

DMSO until analysis.  

To determine kinship between leaders, I examined both genomic and 

mitochondrial DNA. Details for extraction, amplification and sequencing can be found in 

Chapter V. Using data from 18 loci, I calculated relatedness for each pair of leaders 

(Queller and Goodnight 1989). All loci used passed tests for Hardy-Weinberg 

equilibrium, linkage, and absence of null alleles. I compared the average relatedness 

value for all possible leader pairs to that of the population sampled (including leader-

leader pairs and leader-follower pairs) using a Monte Carlo randomization test (1000 

permutations). I considered the average relatedness value for leader pairs to be 

significantly different from random if it was greater than 95% of all randomly generated 

averages. Mitochondrial haplotypes were compared among leaders for further 

investigation of relatedness.  

Gender of all individuals sampled was determined using a multiplex reaction 

patterned after Rosel et al. 2003. The Polymerase Chain reaction (PCR) mixture consisted 

of 1µl of template, 0.3µl of each primer (ZFX forward and reverse, and SRY forward and 

reverse), 0.2µl dNTPs, 0.25µl MgCl2, 2.0µl buffer, 0.05µl Taq polymerase, and 15.3µl 

ddH2O for a final volume of 20µl. The PCR started with initial denaturization for 4 

minutes at 94°C. This was followed by 34 cycles of 45sec at 94°C, 45 seconds at 60°C 

and 60 seconds at 72°C. Final extension was performed for 10 seconds at 72°C. Results 

were compared to controls for a known male and female using gel electrophoresis (1.5% 

agarose).  
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To determine if physiological state affected who led the group, I considered 

motherhood in female leaders and followers. Motherhood was determined by the 

presence of a calf (defined as being <2/3 the size of an adult), on multiple dates (>5), 

surfacing next to the female in question.   

 

Social Network Placement 

To test whether placement within the LFK social network could predict leadership I 

examined centrality measures. Data for this analysis were collected from transect surveys 

covering areas within the LFK study area between 1999 and 2007 (Figure 1). When 

dolphins were encountered I recorded location using a Global Positioning System, (GPS) 

(Garmin® 48). Photographs were taken of all group members for identification (Würsig 

and Würsig 1977). Groups were defined as all individuals likely interacting who were 

within approximately 200m of one another (i.e., traveling, foraging and socializing 

together). Photographic data were used to determine association indexes (using the Half 

Weight Index) for all pairs of individuals using SOCPROG (Whitehead 2008). 

Individuals used in this analysis had been sighted on at least 5 dates. To determine if 

associations were significantly different from random, I compared the CV calculated 

from my data to the distribution resulting from 20,000 permutations of the entire data set 

using SOCPROG (Bejder et al.1998; Whitehead 1997). The observed matrix was 

considered significantly different from random if the calculated CV was >97.5% of the 

CV’s for the created matrices. Additional testing for non-random associations (as 

suggested by Whitehead 2008), included comparison of the correlation value from 
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random generated AI’s to observed AI’s and also testing  if S2 x H>5 (S = social 

differentiation, H = mean number of associations per individual). Association index 

values were used to determine centrality of individuals within the LFK network. 

Centrality measures used included Betweenness (B) and Degree (D).  Betweenness is the 

sum of the shortest paths between individuals in a network that pass through the 

individual investigated (Croft et al. 2008). Degree is the number of different associates an 

individual has. These measures were calculated using UCINET 6.0 (Borgatti et al. 2002). 

I tested if average centrality measures (B and D) were greater for leaders than expected 

using Monte Carlo randomizations tests where the average values for leaders were 

compared to the distribution of expected averages generated from the whole population 

of values (1000 permutations). I considered the average for leaders to be significantly 

different from random if it was greater than 95% of all randomly generated averages. For 

this analysis, I excluded one outlier follower (animal 85), who had a betweenness value 

76.2% larger than any other follower (Table 1).  

 

RESULTS 
 

Gender, Kinship and Reproductive State 

All leaders were female (Table 1). Ten followers were female (one determined by 

presence of calf, nine through genetics) and six were male, one follower was not biopsied 

and is of unknown gender.  Leaders were not more closely related to one another than 

expected based on chance (p = 0.10). Two leaders (animals 20 and 57) shared haplotypes. 
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Two of the leaders were mothers (animals 20 and 57). Animal 107 (the third leader) has 

never been noted with a calf.  Seven of the ten female followers were also mothers (Table 

1).  

 

Social Network Placement 

When comparing associations calculated from the data to those predicted (through 

randomizations), I found the observed CV (CV = 0.77, SD = 0.16) was >95% (p >0.99) 

of the CV’s randomly generated. Further support for non-random associations within the 

social network included an r value of 0.48 and S2 x H>5 (1.062 x 50.1 = 55.2). Average 

betweenness values for leaders (mean = 69.6, SD = 42.4) were larger than those of 

followers (mean = 18.5, SD = 9.7) and greater than expected on the basis of chance (p = 

0.02) (Figure 7a). Average degree values for leaders (mean = 43.3, SD = 2.3) were also 

larger than those for followers (mean = 37.1, SD = 6.2) and more than expected on the 

basis of chance (p = 0.03) (Figure 7b).  

 

DISCUSSION 
 

This study provided details about factors that predict which animals lead within a highly 

dynamic fission-fusion society. Dolphin leaders in the LFK could be described by gender 

and reproductive state, however, they only differed from all followers in measure of 

centrality within the social network. Kinship with other leaders was not a useful predictor 

of leading.  
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All leaders were female and most were mothers. Leading by females when 

traveling has been found in other social species with stable group composition (e.g., 

canids: Peterson et al. 2002; herpestids: Holekamp et al. 2000; ungulates: Reinhardt 

1983; and some primates: Barelli et al. 2008). Female leadership has also been linked to 

additional resource requirements during pregnancy or lactation (e.g., Fischhoff et al. 

2007). Anecdotal accounts of females leading when travelling have been noted in one 

other fission-fusion species, the African elephant (Loxodonta sp.) (Payne 2003). In the 

African elephant, female leaders are matriarchs (Payne 2003) (matriarchal groups are 

headed by the oldest female relative). Leadership in LFK bottlenose dolphin groups is not 

matriarchal (Chapter V) and results from the current study indicate leaders were not close 

kin. Whereas leaders are more closely related to those that follow them than expected 

based on chance (Chapter V) these relationships were not maternally linked 

(mitochondrial haplotypes differed). While most leaders documented in my study were 

mothers (and had been for the duration of time identified), almost all female followers 

were also mothers. Therefore, although it is possible that hunger may be driving who 

leads, it cannot be the only factor, because if it were, all females with calves should be 

found to lead on a more equal basis. 

Female leadership in other social species is often associated with rank in the 

society (e.g., Peterson et al. 2002, Holekamp et al. 2000). The role of dominance in social 

structure is nearly impossible to document in wild cetaceans because the primary method 

for observation is from the surface. Dominance hierarchies have been described between 

pool mates in captive situations (Samuels and Gifford 1997) but no evidence for this type 
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of social structure has been found under natural conditions, where group composition 

changes frequently.  

While I cannot determine if dominance plays a role in leadership for this 

population, I was able to investigate whether social connections were important through 

network analysis. On average LFK leaders had larger degree and betweenness values 

than followers. The variation in betweenness values is similar to Indian Ocean bottlenose 

dolphins (Tursiops aduncus), where individuals performing behaviors used to 

communicate start and stop of movement (considered leaders) also had the greatest 

betweenness values (Lusseau 2007). It was hypothesized that the high betweenness 

values for the New Zealand population, allowed these individuals to have greater 

knowledge about which areas had already been depleted of prey (Lusseau 2007).  High 

betweenness values result from associating with individuals from multiple groups that do 

not associate with one another. Large betweenness can indicate that the position of an 

individual is central to the social network for the area, and connects multiple groups that 

compose the network. Two distinct communities exist in the LFK study area (Lewis 

unpublished data). Individuals in these are divided by a large expanse of impassible water 

(~3.7km2). The associations that leaders have with animals from both communities 

resulted in larger degree and betweenness values compared to followers. These 

associations resulted from movement by leaders through both areas (noted by examining 

location of sightings when associations occurred).   

Previous work on LFK dolphins indicated that whereas leaders do not have larger 

home ranges than followers (Chapter IV), their ranges include more distinct areas 

(distinct defined as having limited entrance or exit points, and therefore separated from 
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other areas) (Chapter IV). To use these distinct areas, individual dolphins must be 

familiar with how to get in them and out of them (using deeper channels that provide 

access). The more of these areas an individual knows how to access, the better off that 

individual would be as competition with others or inaccessibility of some areas may vary 

through a day, or between days. That leaders had these distinct areas within their home 

ranges indicated knowledge or familiarity with these areas. That they had more of them 

than followers, indicated familiarity with more areas on average. Larger betweenness 

values found in this study also indicated familiarity with additional areas for leaders, as 

the associations they had that were distinct from other associations in the network were 

with individuals found in different areas. Having familiarity with more areas, leaders can 

be valuable for direction of movement through the LFK habitat. Experience has been 

noted as a predictor for leadership in some species (Jakimchuk and Carruthers 1983; 

Reebs 2000). Those with greater knowledge about potential resources would be able to 

provide the most benefit to followers.  

My findings indicate that a subset of females may be important to the well being 

of the LFK dolphin population through leadership and that the extent of area familiarity is 

an important part of why they are LFK leaders. Access to additional profitable habitat 

benefits followers when access to other areas is either not possible or not profitable at 

that time. Because area familiarity takes time to acquire, loss of these individuals without 

the chance for others to also acquire that knowledge could negatively affect individuals in 

the population (Sih and Waters 2005, “keystone individual”). Therefore, it may be 

important to identify leaders in fission-fusion societies. Measures of social network 
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centrality provide a tool to access information about potentially important individuals 

within those societies.  
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Table 1. Predictors of leadership examined for dolphins in the Lower Florida Keys. 
Columns header abbreviations stand for the following: ID = animal identity code, P = 
usual position (L = Leader, F = Follower), G = gender (F=female, M = male, U = 
Unknown), R = reproductive status (M = mother, NM = not a mother, na = not 
applicable), H = haplotype (letters represent haplotypes, dashes indicate no sample taken 
for analysis), B = betweenness value, D = degree value. The symbol (*) indicates the 
follower who was considered an outlier and not included in tests for betweenness or 
degree. The symbol (^) reflects a likely haplotype (but not tested). It was the haplotype 
for the calf of individual ID number 2.  

ID P G R H B D 

20 L F M A 113.12 46 

57 L F M A 67.35 42 

107 L F NM D 28.348 42 

2 F F M C^ 36.228 46 

85* F F M - 151.69 47 

8 F F M C  36.22 46 

21 F F M - 7.416 34 

81 F F M - 23.35 41 

83 F F M C 17.21 40 

97 F F M - 9.67 31 

116 F F NM B 6.708 32 

98 F F NM - 20.013 40 

101 F F NM - 17.453 37 

115 F U NM - 24.42 34 

1 F M na C 19.51 41 

3 F M na E 22.27 40 

4 F M na C 22.22 41 

15 F M na - 22.69 40 

126 F M na F 8.023 29 

165 F M na D 3.182 23 
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Figure 8. Measures of centrality for leaders and followers in dolphin groups in the Lower 
Florida Keys, (LFK) FL. (a) Betweenness values for dolphins in the LFK. (b) Degree 
values for LFK dolphins. Leaders are represented by black bars, followers include all 
other bars and are divided according to gender (dark gray = female, light grey = unknown 
and white = male). All leaders are female. Lines indicate the level for the lowest measure 
for leaders.   

0

20

40

60

80

100

120

20 57 107 2 8 21 81 83 97 116 98 101 115 1 3 4 15 126 165

Be
tw

ee
nn

es
s 

V
al

ue

Dolphin ID Codes

0

5

10

15

20

25

30

35

40

45

50

20 57 107 2 8 21 81 83 97 116 98 101 115 1 3 4 15 126 165

D
eg

re
e 

V
al

ue

Dolphin ID Codes

a 

b 



 

 
55 

 

CHAPTER IV: LEADERSHIP PROVIDES BENEFITS TO FOLLOWERS IN 
FISSION-FUSION GROUPS 
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ABSTRACT 
 

In dynamic fission-fusion societies, following specific individuals consistently would not 

be expected in the absence of benefits to followers. Followers in groups may benefit if 

leaders have greater knowledge about habitats that are available and can move more 

efficiently when traveling than most other individuals. A small residential population of 

bottlenose dolphins (Tursiops truncatus) in the Lower Florida Keys (LFK) demonstrates 

such specific individual leadership, but how it benefits followers remains unknown. To 

determine how followers might benefit from consistently following the same leaders, I 1) 

examined habitat use patterns for leader-led groups and follower-led foraging groups 

across areas that varied in resource profitability, (using relative prey biomass as a 

measure of habitat quality), 2) compared home range size and number of distinct areas 

(areas divided by islands or shallows) within home ranges between leaders and followers, 

and 3) compared directness of travel along with number of lead animal switches for 

leader-led and follower-led groups when traveling. Leader-led foraging groups did a 

better job at matching habitat profitability than follower-led groups, with increased 

predictability of sighting over habitat with higher prey availability, while follower-led 

groups had largest sighting predictability over habitat with lower prey availability. 

Foraging groups led by followers were smaller in size and had longer foraging bout 

lengths when compared to leader-led groups. Leader home ranges did not differ in size 

from those of followers, but contained more distinct areas. Leader-led groups made fewer 

lead animal switches and took more direct paths when traveling than follower-led groups. 

My results indicate that followers in LFK dolphin groups benefit from leader knowledge 



 

 
57 

of habitat profitability, ability to navigate efficiently and potentially the number of areas 

leaders are familiar with.  

Key words: dolphin, directness of travel, fission-fusion, follower benefits, habitat 

matching, leadership, travel  
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INTRODUCTION 
 

Many benefits have been ascribed to group formation in animal societies including 

increased probability of locating resources (Krause and Ruxton 2002). The presence of 

such benefits may help explain why animals, given the choice, will follow specific 

individuals on a regular basis. In fission-fusion species, group members can choose to 

join or leave groups, and likely make these decisions based on an individual cost-benefit 

analysis (e.g., Wittemyer et al. 2005; Lehmann et al. 2007; Smith et al. 2008). Under 

conditions in which interaction with the same individuals can occur regularly, individuals 

may learn that benefits can be gained from following specific individuals and these 

benefits may be greater than when leading themselves, creating the impetus for consistent 

leading by a subset of the population.  

Benefits may be provided to followers if leaders are more knowledgeable about 

the environment where they live. This knowledge source may include where and how to 

locate resources. Area knowledge may come from the experience of a leader, providing a 

resource for more naïve followers. Controlled tests have shown that naïve individuals 

tend to follow experienced individuals when searching for food (Reebs 2000). Similar 

reports have been made in the field. For example, accounts of traveling gorillas have 

described group members looking to older experienced males for leadership when 

moving across a new or complex environment (Byrne 2000). In African elephants, older 

individuals (matriarchs) have been documented to provide leadership by locating distant 

resources learned many years before (Viljoen 1990; Payne 2003).   
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Followers may benefit from leader regional knowledge by following leaders to 

profitable habitat for foraging, and through more efficient travel to these areas. Habitat 

quality (e.g., food availability) will vary spatially and leaders may provide benefits to 

followers by having greater knowledge about spatial and temporal variation in habitat 

quality and accessibility. In addition, leaders may also have knowledge about a greater 

number of areas in which to forage. Knowing how to navigate into and through more 

areas (and to navigate efficiently) could provide more opportunities for resource location 

if the additional areas contain quality habitat. This ability could be important if resources 

become depleted in well-known areas. Access to more potential foraging areas may also 

be important to avoid intraspecific competition (e.g., Boydston et al. 2003; Kahl and 

Radke 2005). Efficient navigation would decrease energy waste when groups move from 

one foraging location to another (e.g., Poctran 2005; Noser and Byrne 2007).  

To test if followers receive benefits from leadership, I examined a fission-fusion 

population of bottlenose dolphins (Tursiops truncatus) in the Lower Florida Keys (LFK) 

where leadership by specific individuals when traveling has been documented (Chapter 

II).  To determine if leaders provided benefits through use of more profitable habitat, I 

examined 1) the predictability of locating leader-led and follower-led groups in areas that 

varied in resource profitability (relative prey biomass), 2) whether group size varied 

across these conditions (group type and habitat type), and 3) the time spent foraging in 

these groups. If leaders have greater understanding about resource profitability per 

habitat, then I expected that leader-led groups would forage in higher profit habitat more 

often than lower profit habitat and the opposite would be noted for follower-led groups. I 
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also expected that if followers benefited from leadership, that leader-led groups might be 

larger than follower-led groups, and that variation in group size may depend on the 

profitability of habitat type used at the time. Finally, I expected that if leaders provide 

foraging benefits, that time spent foraging might reflect this, with leader-led groups 

spending less time foraging because the chances for location of resources is greater.  

  In addition to knowledge of specific habitat profitability, leaders may also have 

more extensive habitat area knowledge. To test extent of habitat knowledge I compared 

home range characteristics between leaders and followers (area size and number of 

distinct regions within). The LFK is composed of multiple large shallow basin-like areas 

divided by islands and impassible shallows (<0.3m). Limited entrance/exit points 

(channels) provide access to these. To utilize them effectively individuals must become 

familiar with how to (where) and when to (according to tides) access them. If home 

ranges for leaders are larger in size or have more distinct areas within them, this would 

indicate familiarity with more area. If this increase in area familiarity includes profitable 

habitat, followers could benefit because resources may vary daily (e.g., intraspecific 

competition or inaccessibility due to tidal changes).  

Finally, to test if leaders provide more efficient travel, I examined directness of 

travel along with the frequency of lead animal switches when travelling, comparing 

leader-led groups to follower-led groups. If leaders are more familiar with the study area, 

then I expected them to move more efficiently through it.  
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METHODS 
 

Habitat use when foraging 

The study area, the Lower Florida Keys (LFK) (Figure 1) is heterogeneous and complex, 

consisting of expanses of shallow (range 0.5 - 4.0m) vegetated areas (primarily sea grass 

and some algae) and shallow unvegetated areas (sand bottom), divided by deeper 

channels (range >4-10m) and mangrove islands.  Adding to this complexity, there are 

limited access points into and out of each larger basin, and tidal fluctuations affect the 

usability of various regions. Changes in water level affect the ability of dolphins to 

maneuver across the habitat (i.e., vast expanses of shallows are exposed during low tides, 

or are too shallow for dolphins to swim through). Because the LFK is composed of 

multiple benthic habitat types, and these may vary in profitability, benefits to followers 

may occur if leaders are more aware of these differences, and make use of that 

information.  

To test whether leaders provide benefits to followers by using profitable habitat 

more often, I compared the predictability of sightings for foraging leader-led and 

follower-led groups across habitats that varied in prey availability. Leaders were defined 

as individuals that led group movement more often than expected via chance (through 

vanguard position and success at change in the groups direction), whereas followers did 

not (Chapter II). To determine patterns of habitat use, I examined one specific area, Man 

of War Harbor (MOW) (Figure 8). This area was chosen because 1) it was surveyed most 

frequently, so a sizable data set was available and 2) it contained equal portions of two 
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benthic habitat types (shallow vegetated and deep channel), which varied in prey 

availability (see Results). 

I examined dolphin habitat use within MOW using locations when groups were 

foraging (defined below). Dolphins were located using transect surveys running north and 

south through MOW, allowing me to examine the entire area on each survey day. When 

dolphin groups were located, I recorded location (latitude and longitude) using a Global 

Positioning System, GPS (Garmin® 48). Groups were defined as all individuals within 

approximately 100 meters of one another who were likely interacting (i.e., traveled, 

foraged and socialized together) following Shane (1990).  

After groups were located, behavior state (travel, foraging and socializing) and 

location were sampled at point intervals (every 5 min). Travel was defined as continuous 

directional movement. Foraging was defined as variable surfacing (i.e., each surface in a 

different direction), with no direct contact with other group members and exhibiting other 

foraging indicative behaviors such as diving deeply, chasing fish, capturing fish, bottom 

digging (Rossbach and Hertzing 1997) or “mud plume feeding” (Lewis and Schroeder 

2003). Social behavior was defined as vigorous activity, with foraging indicative 

behavior absent, and usually with contact between group members occurring. Leadership 

was ascertained through continuous sampling of animal identity (using variation in dorsal 

fins) and position when surfacing, and by success of direction change initiation (defined 

as a change in heading > 35º) (see Chapter II for further details about methods to 

determine leadership).  Dorsal fins of all group members were photographed and 

individuals were later verified using photo-identification (Würsig and Würsig 1977). 
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Habitat use was determined for the location during the first foraging record for each 

group sample using benthic habitat maps of the LFK (O’Keife 1998) in ArcGIS® 9.3. 

I examined prey availability by fish sampling across habitat types available in the 

LFK study area (shallow vegetated, shallow unvegetated and deep channel). Within each 

benthic habitat, six sites were chosen randomly to sample. Sampling was done using fish 

traps constructed of 11mm square wire mesh. I used two sized traps at each site. Large 

traps (Antillean Z traps, Sheaves 1992) (dimensions = 70cm long, 55cm high and 40cm 

wide) and small bait traps (dimensions = 37cm long, 33cm high and 32 cm wide) were 

used to sample fishes of different size classes. Fish captured in each size trap were 

significantly different in size (cm) (Friedman tests with Bonferoni correction; deep 

channel: X2 = 12, df = 1, p <0.001, shallow vegetated: X2 = 12, df = 1, p <0.001, shallow 

unvegetated: X2 = 6, df = 1, p = 0.014). I sampled both size classes of fish because LFK 

dolphins had been seen consuming fish from each size class. The two traps (large and 

small) were spaced at a distance of approximately 80m to insure that they were sampling 

the same habitat type but prevented trap attraction radii from overlapping (Heithaus and 

Dill 2002).  Traps were baited with menhaden chum and set for approximately 2 hours to 

allow enough time for capture without loss of effectiveness (Sheaves 1995, Heithaus and 

Dill 2002). Fish captured were identified, weighed (g) (Ohaus® CS200), measured (fork 

length, cm) and counted. All captured fish were released.  

Fish sampling sites were combined for each habitat type after determining there 

was no difference between them (Kruskal Wallis tests; shallow unvegetated bait traps: X2 

= 0.98, df = 2, p = 0.612, shallow unvegetated Z traps: X2 = 0.58, df = 2, p = 0.747, 
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shallow vegetated bait traps: X2 = 4.69, df = 5, p =.454, shallow vegetated Z traps: X2 = 

6.25, df = 5, p = .282, deep channel bait traps: X2 = 3.215. df = 5, p = 0.667, deep 

channel Z traps: X2= 5.109, df = 5, p = .403). Using sampling data, I calculated yield-per-

unit-effort (biomass g/hr) for each benthic habitat and then used this relative prey 

biomass measure to compare habitats for each trap type.  

From data collected on dates where MOW was surveyed fully, I determined the 

type of group encountered (leader-led or follower-led), group size, and the habitat type 

where dolphins were located (deep channel or shallow vegetated).  From each group 

sample, I determined the location of the first foraging bout. I used a logistic regression to 

test whether habitat type (shallow vegetated or deep channel), group type (leader-led or 

follower-led), or the interaction of these two predicted sightings of foraging groups in 

MOW. To determine whether group size was related to group type or habitat type for 

foraging groups in MOW, I used a General Linear Model after log transforming group 

size. Finally, I tested association between time spent in each foraging bout and the size of 

the group.  

 

Area use by leaders and followers 

To determine if leaders differed from followers in extent of area familiarity I examined 

home range size and number of distinct areas within home ranges for each. Location 

points used were collected from first sight data for individuals between 1999 and 2009. 

Home ranges contours (95%) were calculated for each individual using fixed kernel 

estimators (least squares) (Worton 1989) with ArcView® 3.2, Animal Movement 
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Extension (Hooge and Eichenlaub 1997).  Bootstrap sampling was used to determine the 

number of samples required to reach an asymptote (for certainty of home range 

calculations). Area of home range (km2) was calculated for each individual after outliers 

were removed, and after land was removed. Average home range size for leaders was 

compared to the frequency distribution of average home range sizes created by 

randomizing (1000 permutations) home ranges for all individuals (Monte Carlo test, 

Manly 2006).  

For each individual, I then determined the number of distinct areas within the 

95% contour. Areas were considered distinct if divided from other areas by islands or 

extreme shallows (<0.3m) with a limited number of entrance/exit points. Having a 

distinct area within an individuals home range, indicated that the individual was familiar 

with that area. All distinct areas within home ranges of LFK animals contained habitat 

with high prey availability (shallow vegetated). Having familiarity with more distinct 

areas could be advantageous as one could use these when prey is depleted in other areas 

(e.g., resulting from competition) or when other areas are inaccessible during low tides 

(which affects each area similarly regardless of size). I tested whether leaders had more 

distinct areas within their home range contours than expected based on chance using a 

Monte Carlo randomization test (1000 permutations).  

 

Travel Efficiency 

To test whether leader-led groups were more efficient travelers than follower-led groups I 

examined directness of paths taken and the number of vanguard (i.e., front position) 
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animal switches that occurred when traveling. All travel bouts used were made across 

waters navigable and not dangerous to traveling dolphins. Vanguard position has 

previously been found to be associated with the ability to successfully change group 

direction (Chapter II). Time of travel was determined using data from group sampling. 

Directness of travel was determined by calculating the distance between each location 

point (latitude and longitude) when traveling, adding these together, and then dividing the 

distance between the first point and the last point into this sum. Blocks in movement were 

considered for each travel path (e.g., islands) so that directness measured was accurate 

(i.e., how direct was the path considering movement had to deviate around the island). 

The ratio calculated provided a measure of how direct the selected path was. I compared 

path directness ratios between leader-led and follower-led groups using a Mann-Whitney 

test. To measure the number of vanguard animal switches during travel for leader-led and 

follower-led groups, I used the first 30 min of each group sampling when the group was 

traveling. I counted the number of switches in animals for vanguard position, and 

compared leader-led groups to follower-led groups using a Mann-Whitney test. I then 

examined if these two measures (path directness and number of lead animal switches) 

were associated using a Spearman Rank correlation. Data pairs used for this test were 

both collected from the same time period within the group sample.  
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RESULTS 
 

Habitat use when foraging 

Prey biomass varied between benthic habitat types, with the greatest biomass in shallow 

vegetated habitat (mean = 95.1g/hr, SD = 95.5), followed by deep channel  

(mean = 76.6g/hr, SD = 121.0) and then shallow unvegetated areas (mean = 48.6g/hr,  

SD = 99.4) (Kruskal Wallis: H = 34.6, df = 2, p<0.0001) (Figure 9).  

The interaction of group type and habitat type predicted sightings of foraging 

groups in MOW (X2 = 6.68, df = 1, p = 0.009) (Figure 10). Group type predicted group 

size (t = 3.7, df = 1, 46, p <0.0001), and group sizes varied according to group type (U = 

333, z = -3.22, p <0.001), with smaller group sizes in follower-led groups (mean = 2.6, 

SD = 2.4) compared to leader-led groups (mean = 5.9, SD = 3.9). Smaller groups had 

longer foraging bouts than larger groups (n = 41, rs= -0.34, p = 0.009) (Figure 11). 

 

Area use by leaders and followers 

Most dolphins tested individually (18 of 20) reached an asymptote in home range size at 

approximately 20 observations. The number of sightings for all individuals ranged from 

32 to 109. I was therefore confident that the kernel contours calculated were 

representative of the true home ranges. The average home range size for leaders (mean = 

24km2, SD = 17.7) was larger than that for followers (mean = 21km2, SD =11.3), but not 

significantly larger than expected based on chance (p = 0.37). The average number of 
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distinct areas within the 95% contour for leaders (mean = 5.6, SD = 0.57) was larger than 

that for followers (mean = 3.5, SD = 0.61) (p= 0.001) (Figure 12).  

 

 

Travel Efficiency 

Leader-led groups traveled in more direct paths (mean = 0.76, SD = 0.28) than follower-

led groups (mean = 0.69, SD =0.27) (U = 351.5, z = 1.67, p = 0.04), and they made fewer 

vanguard animal switches when traveling (leader led: mean =3.11, SD = 2.8; follower 

led: mean =4.86, SD = 3.3) (U = 606.5, z = -1.97, p = 0.02) (Figure 13). Travel paths 

taken by dolphin groups were more direct when the group had fewer vanguard animal 

switches (n = 86, r = -0.33, p = 0.0001) (Figure 14).  

 

DISCUSSION 
 

Results of my study indicate that in fission-fusion societies, choosing to follow instead of 

leading can be beneficial for some individuals. Followers in leader-led groups benefit 

because these group types distribute themselves to match habitat profitability and move 

more directly when traveling, potentially increasing movement efficiency. Leaders also 

offer familiarity with more total area, using more distinct areas than followers. 

Across the area tested (MOW), leader-led groups were better than follower-led 

groups at distributing themselves according to the resource potential of habitats when 

foraging. For leader-led groups in MOW, sighting predictability was greater in areas with 
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high relative prey availability (shallow vegetated), while follower-led groups were 

sighted most often over low prey habitat (deep channel). These results indicate that 

dolphins likely benefit from following leaders, as they are choosing to follow individuals 

who are more likely to forage over profitable habitat. In fact, all leader-led foraging 

groups, regardless of location, were larger than follower-led groups, indicating a 

preference for joining leader-led groups over follower-led groups. Leader-led foraging 

groups also had shorter foraging bouts. As leader-led foraging groups were sighted more 

often over profitable habitat (shallow vegetated), location of prey should be more 

frequent. Larger groups also provide more chances for prey encounter (Krause and 

Ruxton 2002). Increased chance of prey encounter (through location of foraging and 

increased group size) would benefit all individuals who are members of these groups.  

In addition to knowledge about habitat profitability (indicated by the increased 

sighting frequency of leader-led groups over habitat with higher prey availability in 

MOW), leaders may also benefit followers if leaders have more expansive knowledge of 

the area. Whereas home range sizes did not differ between leaders and followers in the 

LFK, leader home ranges did contain more distinct areas than follower home ranges 

(each distinct area containing profitable habitat). As there are limited entrance/exit points 

into these areas a certain amount of learning is required to access them. That these areas 

were within the leaders home ranges indicates that leaders have familiarity with them. 

With additional area information, leaders can then lead into more areas available for LFK 

followers where resources may be accessed. How to (and when to) access additional 

areas would be beneficial if resources were currently not available in other areas, either 
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through depletion, inaccessibility to individuals (because daily tidal changes occur) or 

because of intraspecific competition with other dolphins.  

Evolutionary forces should drive group travel behavior patterns towards that 

which is beneficial to group members. Shared leadership occurs to greater and lesser 

degrees within groups for some species (e.g., alpha male and alpha female in wolf packs, 

Peterson et al. 2002). Conflicts however, should arise when too many individuals partake 

in decision making. Such conflicts can decrease if group members take turns leading 

(Harcourt et al. 2009). But, when traveling, it only takes a small number of individuals to 

get from point A to point B accurately (Couzin et al. 2005). It therefore follows that 

directness of travel should be enhanced when fewer individuals participate in leading, 

and that directness in travel should be desired when efficiency is of interest for group 

members (e.g., Noser and Byrne 2007; Williams et al. 2009).  My results indicated that 

leader-led groups moved in more efficient (straighter) paths (when traveling) compared 

to follower-led groups, and that this may be achieved by making fewer changes in 

leadership during travel. If leaders have greater knowledge about the location of 

resources, they will be more likely to move towards these resources in a more direct 

manner (Poctran 2005; Noser and Byrne 2007).  

Certain criteria may be necessary for individuals in fission-fusion societies to 

determine that there is something to be gained from following specific individuals more 

often than leading themselves. Habitat complexity may provide the motivation for this 

behavior choice. The LFK marine environment is complex, with multiple benthic habitats 

and regions divided by large expanses of impassible area. Additionally, this region is 
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shallow (average depth ~ 1m), affecting locations where fish can be accessed with daily 

fluctuations in tides. Daily changes in ability for dolphins to maneuver (as tides 

fluctuate), mean that a certain level of knowledge about this area is important for success 

and survival. Following those who have more experience would then be more likely to 

occur.  

Following individuals with more experience or greater specific area knowledge 

may be important to the short and long term well being of the LFK dolphin population. If 

leaders provide greater foraging opportunities, or waste less energy when travelling to 

foraging sites, individuals that follow them should do better than when searching on their 

own. Sudden loss of these leaders could then be detrimental to the health of the LFK 

population.  
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Figure 9. Map of benthic habitats in Man of War Harbor (circled in black). 
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Figure 10. Relative biomass of fish available to dolphins in the Lower Florida Keys in 
three available habitats, (SU = Shallow Unvegetated, SV = Shallow Vegetated and DC = 
Deep Channel). 
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Figure 11. Probability of encounter for leader-led and follower-led groups in Man of War 
Harbor (MOW) benthic habitats (shallow vegetated and deep channel). Only shallow 
vegetated and deep channel habitats were available in MOW. Shallow vegetated habitat 
has more potential biomass of dolphin prey (mean = 95.1g/hr, SD = 95.5), compared to 
deep channel habitat (mean = 76.6g/hr, SD = 121.0).   
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Figure 12. Association between length of foraging bouts and group size for bottlenose 
dolphins in the Lower Florida Keys (n = 41, rs= -0.34, p = 0.009). 
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Figure 13. Frequency distribution for mean number of distinct areas within an individual 
home range (95% fixed kernel contour), created by random permutations of the actual 
data set for dolphins in the waters of the Lower Florida Keys (LFK), Florida. Distinct 
areas were defined as being separated by impassible area (by land or extreme shallows). 
LFK leaders (defined as having led groups more often than expected based on chance, 
Lewis, Chapter I), had more distinct areas within their home ranges than expected based 
on chance.  
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Figure 14 (a) and (b). Measures of travel efficiency for leader-led and follower led 
dolphin groups in the Lower Florida Keys. (a) Mean ratios of travel directness across 
30min (ratio = sum of distances between each location noted every 5 min across the 30 
min sample, divided by the straight line distance between the start and end points for the 
30 min sample). (b) Mean number of lead animal switches (vanguard position) for 
dolphin groups.  
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Figure 15. Association between number of changes in vanguard animal, and directness of 
paths taken when traveling for bottlenose dolphin groups (n = 86, r = -0.33, p = 0.0001). 
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CHAPTER V: INCLUSIVE FITNESS BENEFITS OF GROUP LEADING IN 
BOTTLENOSE DOLPHINS 
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ABSTRACT 
 

In many species, particular individuals consistently lead group travel.  While the benefits 

to followers often are relatively obvious, including access to water or food resources, 

unless groups are composed of close relatives the benefits to leaders can be unclear. This 

is especially true for species that feed on patchy mobile resources where group 

membership is not needed to gain access to these resources. All group members may 

locate them simultaneously and there is density dependent food intake. Leadership would 

be even less likely to occur under these circumstances in fission-fusion societies where 

individuals can choose whether or not they lead. Nonetheless, consistent leadership has 

been documented in a population of bottlenose dolphins (Tursiops truncatus) that meet 

these conditions.  To test whether leaders might gain inclusive fitness benefits from 

leading I examined relatedness between leader-follower pairs. I found that the average 

relatedness value for leader-follower pairs was greater than expected (p = 0.003), and 

relatedness was positively correlated with association index values (rs= 0.55, p < 0.002).  

However, haplotypes were not frequently shared between leader-follower pairs (21%). 

Together, these results suggest that bottlenose dolphin leaders gain inclusive fitness 

benefits by preferentially leading relatives, but these relatives are not siblings.  These 

findings are somewhat surprising as recognition of relatives may not be easy in this 

species. 

Key Words: bottlenose dolphin, division of labor, inclusive fitness, leadership, 

relatedness, Tursiops truncatus 
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INTRODUCTION 
 

In many social species, group travel is directed by a subset of individuals (e.g., Erhart and 

Overdorff 1999; Reebs 2000; Peterson et al. 2002; Stueckle & Zinner 2008).  Followers, 

which represent the majority of group members in most cases, can presumably benefit 

directly from location of resources by the leader(s).  When leaders lead from a vanguard 

position, leaders can gain direct benefits through finders share (e.g., Bitetti and Janson 

2001).  However, when resources are mobile and patchy, it is just as likely that followers 

will locate resources at a time similar to the leader.   

Specific individuals acting as leaders have been reported most often in stable 

groups (e.g., capuchins, Cebus sp., Di Bitetti & Janson 2001; gray wolves, Peterson et al. 

2002), but recent evidence indicates leadership can occur in highly dynamic fission-

fusion species (changing group membership over hours and days) (Chapter II). 

Individuals in fission-fusion groups can choose whether to lead a group they have joined, 

to fall back and follow others in the group, or to exit and go alone if their needs and 

interest vary from other group members (group fission occurs when members differ in 

needs and desires). Because immediate benefits (e.g., food finds) are less likely an 

impetus to leading others, inclusive fitness benefits may provide reason for individuals in 

fission-fusion groups to provide leadership.  

Seemingly altruistic behaviors can occur when the provider gains a less obvious 

benefit (e.g., inclusive fitness) (Hamilton 1964a, 1964b, Dugatkin 1997).  These acts may 

be subtle, such as lowered aggression (e.g., Maher 2009), increased cooperation (e.g., 

Mitani et al. 2000, Ruch et al. 2009) or allowing for shared space use such as partial 
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home range overlap (e.g., Ralls et al. 2001).  Within social group-forming species, 

altruistic type behavior can appear to be more overt. For example, helping to care for 

young that are not direct progeny (e.g., Gero et al. 2008) or forming alliances to aid with 

the procurement of resources (e.g., Krutzen et al. 2003).  In each of these cases, provider 

benefit is related to inclusive fitness. Leaders in fission-fusion groups may choose to lead 

relatives either through deciding which groups to join or by choosing whether or not to 

participate as leaders once they have joined. 

To test if leaders benefit via inclusive fitness, I examined a population of 

bottlenose dolphins (Tursiops truncatus) in the Lower Florida Keys (LFK) where 

evidence for individuals acting as leaders has been documented (Chapter II). Bottlenose 

dolphin societies are highly dynamic fission-fusion, changing group membership 

frequently (occurring over hours and days) (Connor et al. 2000). To investigate the 

benefits of leading in fission-fusion groups, I examined relatedness within leader-

follower pairs in the LFK dolphin population.   

 

METHODS 

 

Biopsy collection 

Skin samples were collected from 36 animals during 2008 in the Lower Florida Keys 

study area (Figure 1). Thirty-five of these were collected using a recurve crossbow 

(Barnett Wildcat III) with modified bolt tips (see Krützen 2002 for design of bolt tip). 
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One sample was collected from a stranded animal. Tissue samples were stored in DMSO 

(20%) until analysis.  

 

Mitochondrial DNA analysis 

Total genomic DNA was isolated from skin samples using Gentra Puregene DNA 

Extraction Kit (Qiagen).  Five hundred base pairs (bp) of the mitochondrial control region 

were amplified via Polymerase Chain Reaction (PCR) using primers dlp1.5 and dlp5 

(Baker et al. 1993). The reaction mixture (total reaction volume = 20µl) included 0.6µl of 

each primer, 0.4µl dNTPs, 0.25µl MgCl2, 2µl buffer, 0.05µl Taq polymerase (Sigma-

Aldrich) and 1µl of template DNA.  The PCR profile began with denaturization at 94°C 

for 3 min, followed by 10 touched-down cycles of denaturization (30 sec), annealing (30 

sec) and extension (1 min). Annealing temperature for touched-down cycles started at 

63°C for cycle one, and ended at 53°C for cycle 10. Touched-down cycles were followed 

with 21 regular cycles of 93°C for 30sec, 52°C for 30sec, and 72°C for 1 min with a final 

extension at 72°C for 1 min. Negative and positive controls were included in PCR runs 

and later used for validation of fragment amplification using 1.5% agarose gel 

electrophoresis. Polymerase chain reacion products were cleaned using GenElute PCR 

DNA Purification Kit (Sigma), and then both forward and reverse primers were run 

through a cycle sequencing reaction using a Cycle Sequencing Ready Reaction Kit 

(Applied Biosystems). Ethanol precipitation was used to purify the products from the 

cycle sequencing. Strands were sequenced using an ABI 3730 DNA Sequencer (Applied 



 

 
88 

Biosystems). Sequencing Analysis 5.2 was used to edit the sequences manually. 

Sequences were aligned using Lasergene SeqMan 7.0.  

 

Microsatellite analysis 

Each sample was genotyped at 26 loci (Table 1) using three Multiplex Polymerase Chain 

Reactions with labeled primers.  The PCR’s were carried out for each multiplex using a 

reaction mixture of 1µl of DNA template, 0.8µl of Primer Mixture (see Table 2), 4.0µl 

Master Mix (Qiagen) and ddH2O for a final reaction volume of 8.0µl. The PCR thermal 

cycle for multiplexes one and two included initial denaturation at 90°C for 15 min, 

followed by 35 cycles of 95°C for 30 sec, 60°C for 90 sec, and 71°C for 45 sec. A final 

extension followed at 71°C for 2 min.  The multiplex three PCR cycle differed only in the 

final extension which occurred at 60°C for 30 sec. Polymerase chain reaction products 

were sequenced on an ABI 3730 DNA Sequencer (Applied Biosystems). I determined 

allele size fragments using Gene Mapper 4.0.   

Four loci (of the 26 original) were homogenous for all individuals sampled so 

they were discarded from further analysis. Eighteen loci (shaded in Table 2) passed tests 

for Hardy Weinberg equilibrium (HWE), linkage disequilibrium, and null alleles, (with 

Bonferroni corrections for multiple comparisons), and were used to calculate relatedness 

coefficients (rs) (Queller and Goodnight 1989) for individuals sampled.  
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Relatedness between Leader-Follower pairs 

Leaders were defined as individuals that led through position more than expected based 

on chance, and through successful direction change of the group (see Chapter II for 

further detail). Genetic data were available from 28 different leader-follower pairs in 

which the follower had followed that particular leader >2 times. I determined an average 

rs value for these 28 pairs. This value was compared to the distribution of average rs 

values (using 28 randomly selected pairs), after 1000 random permutations of the entire 

data set (all rs values for the population sampled) to determine if the average for leader-

follower pairs was greater than expected via chance, and therefore indicating closer 

relatedness.  A Generalized Estimating Equation (controlling for random effects of 

subject identity) was used to test if rs value or association index value (AI) (see 

description for calculation of AI below) predicted sharing of haplotypes between pairs.  

 

Leader-Follower Relatedness and Association Strength 

Association Indices (AI) were calculated for the LFK population using the Half Weight 

Index in SOCPROG (Whitehead 2009). Individuals used in the analysis had been sighted 

> 5 occasions. To determine if the resulting matrix was different from random, I 

calculated the CV for the observed matrix, and compared this value to those generated 

from 20,000 random permutations (shifting groups within samples) (Whitehead 1997; 

Bejder et al.1998) again using SOCPROG. The observed matrix was considered non-

random if >97.5% of the permuted matrices had CV values less than the CV from the 

observed matrix. Further testing for non-random associations (suggested by Whitehead 
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2008) included examining the correlation value between the observed and randomly 

generated AI’s, and also testing if S2 x H>5, where S = social differentiation and H = 

average number of associations per individual (Whitehead 2008). For all leader-follower 

pairs, I tested the correlation between rs values and AI’s using a Spearman Rank Test.  

 

RESULTS 
 

Relatedness between Leader-Follower Pairs 

Leader-follower pairs had an average rs value greater than expected based on chance 

(mean = 0.13, SD = 0.16, p = 0.003) (Figure 15). Seven haplotypes were found among 

the sampled individuals. Only six (21%) of the leader-follower pairs (n=28) shared 

haplotypes. The number of haplotypes shared between pairs of leaders and followers was 

not significant (X2 = 20.4, df = 20, p = 0.43). Relatedness value (rs) predicted sharing of 

haplotypes between leader-follower pairs (X2 = 28.03, df = 1, p<0.001), while association 

index value did not.  

 

Leader-Follower Relatedness and Association Strength 

Our observed AI CV value, (CV = 0.77, SD = 0.16) was significantly different from more 

than 95% of random matrices generated (20,0000 permutations, p < 0.01) (random 

generated CV = 0.75, SD = 0.01), indicating that associations in this population are not 

random. In addition S2 x H was greater than 5 (1.062 x 50.1 = 55.2) and r = 0.48. 



 

 
91 

Association Index values were positively correlated with rs values for leader-follower 

pairs (r2= 0.55, p < 0.002) (Figure 16).  

 

DISCUSSION 
 

My findings provide support for the hypothesis that inclusive fitness may be a benefit to 

leaders in fission-fusion societies. I found that leader-follower pairs were more closely 

related to one another than the population at large, and these pairs associated frequently. 

This finding is somewhat surprising in a highly dynamic fission-fusion species because 

with frequent changes in group membership, it could be hard to determine who relatives 

are. Evidence for preferred associates that are closely related has been found in other 

fission-fusion species. For example, male Indian Ocean bottlenose dolphins (Tursiops 

aduncus) form alliances with closer relatives (Krützen et al. 2003), and African elephants 

(Loxodonta sp.) have group associations that correlate with relatedness (Archie et al. 

2006). Frequency of associations (even though under flux) in the LFK may allow 

individuals to at least be aware of maternal siblings.  

The LFK dolphin leaders may benefit by leading closer relatives to profitable 

resources (i.e., habitat with greater prey availability) where these followers may have 

increased chances of locating food. Knowledge of leaders may also provide greater safety 

to followers (e.g., avoidance of areas where stranding could occur, or where predation 

threat is larger). There are examples of leaders providing guidance to resource use. In 

another species of bottlenose dolphin (Tursiops aduncus), some dolphins provide cues for 

when to stop and start feeding results from knowledge of area depletion (Lusseau 2007). 
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Leaders in African elephant groups have also been documented to provide guidance to 

resources learned many years prior (McComb et al. 2001). Because bottlenose dolphins 

are a fission-fusion type species, they have the ability to choose associates. Leaders can 

choose to go alone (though decision making different from interests of other group 

members), follow (by allowing others to control movement choice and falling behind), or 

to lead others (by making movement decisions which others follow). Having and making 

the choice to lead specific individuals (closer relatives) indicates that benefits to these 

leaders should result from these interactions. Correlations between association indices 

and relatedness values have been found in many species (e.g., African elephants, Archie 

et al. 2006; sperm whales, Physeter macrocephalus, Gero et al. 2008; Indian Ocean 

bottlenose dolphins, Möller et al. 2006). Whereas not related to leadership, these 

associations were considered in response to some inclusive fitness benefits.   

Whereas relatedness values based on genomic DNA were greater than expected 

for leader–follower pairs, the lack of shared haplotypes suggests that pairs were 

frequently not related maternally. Some cetaceans, e.g., Orcinus orca (Bigg et al. 1987), 

and Globicephala macrorhynchus (Kasuya and Marsh 1984), form matrilineal groups but 

these species have relatively stable group membership (lower levels of fission-fusion) 

compared to bottlenose dolphin, and groups include male and female offspring. With 

frequent changes in group membership for bottlenose dolphins, it was not expected that 

groups would be necessarily bond through a strict matrilineal society. Still matriarchal 

bonds were still possible. Matriarchal societies have been documented in one terrestrial 

fission-fusion species, the African Elephant (McComb et al. 2001), but none from marine 

species with highly dynamic fission-fusion, including the bottlenose dolphin. My finding 
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that genomic relatedness predicted the sharing of haplotypes between leader-follower 

pairs, is not unexpected, because individuals sharing haplotypes share genomic DNA. 

The combined results however, indicate that the leader-follower groupings in the LFK are 

not merely the result of always following maternal relatives.  

Results of this study suggest that relatedness is an important predictor for 

leadership of specific followers in the LFK bottlenose dolphin population. It will be of 

interest to determine whether similar findings can be made for other populations of this 

species, (and other fission-fusion species) particularly in relation to the parameters of the 

population (e.g., size and residential nature) and the environment (heterogenous vs. 

homogenous) where they are found. Additionally, while there are theories for how 

individuals might determine who relatives are (e.g., vocalizations, chemosensory) no 

conclusive tests have been conducted yet in cetaceans. Future research (potentially of 

captive dolphins) where relatives are housed in the same facility might be useful here. 

Having the ability to determine who ones relatives are and then leading these individuals 

may be another benefit to leaders in highly dynamic fission-fusion societies, increasing 

inclusive fitness for these individuals.  
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Table 2. Primers used in three separate multiplexes for polymerase chain reactions. 
Primers shaded in gray are those that provided useful results (i.e., successfully amplified, 
passed tests of Hardy Weinberg Equilibrium, linkage analysis and null alleles) and were 
used in relatedness analyses.  
a Natter 2008, bKrutzen et al. 2001, cShinohara et al. 1997, dHoelzel et al. 1998, 
eValsecchi and Amos 1996 

 

 

 

Primer Multiplex No. Primer Multiplex No. 

Tur4_98a 1 Tur4_141a 2 

Tur4_117a 1 D8a 2 

MK6b 1 Tur4_162a 3 

E12a 1 Tur4_132a 3 

Tur4_108a 1 Tur4_80a 3 

Tur4_66a 1 Tur4_142a 3 

Tur4_105a 1 Tur4_153a 3 

Tur4_128a 1 MK9b 3 

Tur4_111a 1 MK5b 3 

D22c 2 KWM12d 3 

Tur4_138a 2 EV37e 3 

Tur4_91a 2 MK3b 3 

Tur4_87a 2 MK8b 3 
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Figure 16. Frequency of pair-wise relatedness values (Queller and Goodnight 1989) for 
leader-follower pairs (black bars) and for all pairs that were sampled (gray bars). 
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Figure 17. Association Index values (Half-Weight Index) plotted against relatedness 
values (Queller and Goodnight 1989) for leader –follower dolphin pairs in the Lower 
Florida Keys (rs= 0.55, p < 0.002). 
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CHAPTER VI: CONCLUDING REMARKS 
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My dissertation research provides the first evidence for consistent leadership when 

traveling in a highly dynamic fission-fusion species. Research findings indicated that 

leaders in LFK bottlenose dolphin groups are those with greater habitat knowledge, and 

followers benefit from this knowledge through increased access, or efficient travel to 

profitable areas. The LFK leaders likely gain fitness benefits by leading kin.  

Finding evidence for leadership in the LFK population (Chapter II) expands the 

current knowledge about the grouping systems in which leadership would be expected to 

occur (i.e., unstable in addition to stable). Leading by specific individuals is unexpected 

in fission-fusion groups because group members typically do not interact regularly and 

therefore individuals would not be able to identify others with greater knowledge. 

Leadership in LFK dolphins likely results from 1) a need to follow specific individuals to 

effectively access profitable habitat and 2) a small localized population characterized by 

frequent associations between the same individuals. Future studies on other fission-fusion 

species with similar social and ecological conditions are likely to identify other cases of 

leadership.  

Study of leadership in a highly dynamic fission-fusion population provided a way 

to investigate why group members followed specific individuals, because various 

conditions could be compared within one population (with constantly changing group 

membership). For example, I could compare differences between group types (leader-led 

vs. follower-led) within the same population. Examining different types of groups, I was 

able to determine that predictability for locating leader-led vs. follower-led groups was 

related to habitat type (Chapter IV). Leader-led groups also moved more directly when 
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traveling when compared with follower-led groups. These results indicate that followers 

benefit from leader area knowledge or area familiarity.  Evidence for larger area 

familiarity for leaders was found examining leader home ranges and measures of 

centrality within the LFK social network (Chapters III and IV). Leaders used more 

distinct areas and had larger measures of centrality (gained by associations in areas not 

shared by other associates).  

While followers benefit from leader knowledge, leaders could benefit by leading 

closer relatives. Leaders in LFK dolphin groups do not profit from “finders share” as 

leaders do in other environments. Dolphin prey in the LFK is patchy and mobile, so there 

is an equal chance for any group member to locate fish as they forage. Instead I found 

that leaders profited through kinship with followers (Chapter V). Genetic relatedness 

values for leader-follower pairs were greater than expected from chance.   

Finally, results from this dissertation provide the first evidence from the field that 

following specific leaders provides more efficient travel. First, the number of leaders in a 

group remained low regardless of group size (Chapter II). Secondly, I found that when 

experienced individuals led groups (leader-led), vanguard animals switched less often, 

(which correlated with more direct travel) (Chapter IV).  Both of these tactics can be 

beneficial because the fewer individuals attempting to lead, the less time and energy may 

be wasted deciding which way to move.   

Information gained by this work, expands our knowledge about leadership use in 

animal societies. We now know consistent leadership can occur in a broader range of 

species with more varied social structure than originally expected. Significant insights 
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were made regarding how using leadership benefits group members (leaders and 

followers), allowing us to see why leadership would be used at all within groups. In 

addition, results of this dissertation increased the information available on bottlenose 

dolphin societies. I found that females may play a more important role in the social 

structure of this species than originally understood and that a small subset of individuals 

with more central positions within the larger social network may have a large influence 

on the well-being of the population.  

By providing these insights, further questions have developed which may be 

important towards expanding the study of leadership in animal groups in the future. Of 

particular interest, 1) Leadership was found under the conditions in the LFK for 

bottlenose dolphins, but would it be found under other circumstances (e.g., more 

homogenous habitat) for this species or others (marine or terrestrial) with fission-fusion 

grouping elsewhere? and 2) Certain aspects about how leadership was used in the study 

species (such as keeping number of leaders low) indicated that there may be some 

optimum conditions for use of leadership in fission-fusion groups. Examination of the 

conditions of leadership using mathematical models may provide insight to allow further 

testing using field data.  

Study of leadership is important because at its core, it provides the mechanism 

behind why groups developed in the first place. For a group to remain intact, individuals 

have to follow other individuals. Because of this detail, as this field of study develops 

further it will likely provide information that will help us to better understand group 

optimally and the mechanisms for efficient travel by groups.  
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