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Bottlenose (Tursiops truncatus) and spotted (Stenella frontalis) dolphins are 

sympatric species, resident to Little Bahama Bank, Bahamas.  A unique, dynamic 

methodology quantified how interspecific aggression changed over time in terms of the 

individuals participating, context, and behaviors used.  The timing of human observation 

relative to the onset of aggression did not result in differences in the proportion of 

behaviors observed. Highly intense behaviors were used most often.  The synchronous 

state of spotted dolphin groups, not the presence alone, was a crucial factor in 

determining the onset and progression of aggression.  When synchronous, spotted 

dolphins successfully dominated the larger bottlenose dolphins.  Two levels of 

dominance were observed.  Within a single encounter (“encounter level”), one species 

did dominate the other.  
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When all aggressive encounters were considered collectively over the long term (“gross 

level”), one species did not dominate the other.  The combination of contextual factors 

best determined the dynamic of interspecific aggression.
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INTRODUCTION 

 Conflict and aggression between individuals has been documented in many social 

groups and resolving these conflicts is necessary to ensure their success and functionality 

(Bolhuis & Giraldeau, 2005).   Aggressive interactions have been defined as those 

composed of threatening or intense dominating behaviors displayed towards other 

individuals, and in the case of dolphin aggression: direct approaches, head on behavior, 

open mouth, biting, tail slapping (Herzing, 1996; Paulos et al., 2008).  Interspecies 

aggression, these types of behaviors displayed towards another species, has been 

described as one of the most frequently observed social interactions in interspecific 

groups (Stensland et al., 2003).  Theories on the function of aggression suggest that 

intraspecies and interspecies aggression may be associated with a) competition for 

resources: food, territory, or mating opportunities (Jefferson et al., 1991; Conner et al., 

1992; Clutton-Brock & Parker, 1995; Herzing & Johnson, 1997; Petit et al., 1997; 

Boesch, 2002; Conner et al., 2001; Roeder et al., 2002; Gros-Louis et al., 2003; Campbell 

et al., 2006; Watts et al., 2006; Quérouil et al., 2008; Mosser & Packer, 2009; Nery et al., 

2009; Talebi et al., 2009), b) dominance hierarchies (Samuels & Gifford, 1997; 

O’Donnell, 2001; Gear, 2005; Cafazzo et al., 2010; Stumpf & Boesch, 2010), and c) 

social factors (Herzing & Johnson, 1997; Frantzis & Herzing, 2002; Herzing et al., 2003; 

Psarakos et al., 2003; Acevedo-Gutiérrez et al., 2005; Melillo et al., 2009; Coscarella & 

Crespo, 2010; May-Collado, 2010).  
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Common Factors in Aggression  

 There are four common factors often discussed when addressing aggression 

between groups: 1) body size, 2) the sex, 3) the age, and 4) presence of groups or 

coalitions.  These factors may affect the onset of aggression and can determine the 

outcome of aggression and how aggression is resolved.  The body size of an individual is 

a good indicator of aggressive ability (Archer, 1988; Cafazzo et al., 2010) and has been 

positively associated with dominance and the aggressor (Herzing & Johnson, 1997; 

Herzing et al., 2003; Acevedo-Gutiérrez et al., 2005; Campbell, 2006; Rychlik & 

Nwolak, 2006; Cafazzo et al., 2010; May-Collado, 2010).  This is apparent in groups 

where sexual dimorphism and species dimorphism is present. 

 The age of the individuals involved in aggression is a strong indicator of which 

individuals will be involved and if they will be the aggressor or receiving the aggression 

(Connor et al., 1992; Samuels & Gifford, 1997; Connor et al., 2001; Frantzis & Herzing, 

2002; Gros-Louis et al., 2003; Weaver, 2003; Scott et al., 2005; Watts et al., 2006; Nery, 

2009; Talebi et al., 2009; Cafazzo et al., 2010; May-Collado, 2010).  Adults often 

perform aggressive behaviors against other adults or juveniles and age has been 

correlated with submissive responses during aggression: younger individuals reacting 

submissively or passively to an older aggressor (Watts et al., 2006; Cafazzo et al., 2010). 

 The presence of groups or coalitions is often a strong predictor of success during 

aggression (Herzing & Johnson, 1997; Boesch, 2002; Gros-Louis et al., 2003; Herzing et 

al., 2003; Silk et al., 2004; Engh et al., 2005; Kutsukake & Hawegawa, 2005; Mosser & 

Packer, 2009, Talebi et al., 2009; Elliser, 2010).  Fatal chimpanzee (Pan troglodytes) 

coalition attacks on single chimpanzees have been documented in territory competitions 
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and in lion groups (Panthera leo) (Mosser & Packer, 2009).  Spotted dolphins (Stenella 

frontalis) form coalitions during interspecies aggression that are crucial in determining 

the outcome (Herzing & Johnson, 1997). 

 

Interspecific Aggression in Dolphin Groups 

 Interspecies interactions and aggression between dolphin species have been 

documented in many areas of the world including: the Bahamas between bottlenose 

dolphins (Tursiops truncatus) and spotted dolphins (Herzing, 1996; Herzing & Johnson, 

1997; Herzing et al., 2003; Melillo et al., 2009); in the Azores between the common 

dolphin (Delphinus delphis), bottlenose dolphins, striped dolphin (Stenella coeruleoalba) 

and the spotted dolphin (Quérouil et al., 2008); in Costa Rica between tucuxis (Sotalia 

fluviatilis) and bottlenose dolphins (Acevedo-Gutiérrez et al., 2005); and at Gandoca-

Manzanillo Wildlife Refuge (GMWR) between bottlenose dolphins and Guyana dolphins 

(Sotalia guianensis) (May-Collado, 2010); in Hawaii between pantropical spotted 

dolphins (Stenella attenuata) and Hawaiian spinner dolphins (Stenella longirostris) 

(Psarakos et al., 2003); in Greece between the striped dolphin, common dolphin and 

Risso’s dolphin (Grampus griseus) (Frantzis & Herzing, 2003); and in Argentina between 

bottlenose dolphins and Commerson’s dolphins (Cephalorhynchus commersonii) 

(Coscarella & Crespo, 2010).   

 Many studies have described intense aggression with physical behaviors including 

biting, body slams, and tail swipes as well as chasing and charging behaviors (Herzing & 

Johnson, 1997; Frantzis & Herzing, 2002; Herzing et al., 2003; Psarakos et al., 2003; 

Acevedo-Gutiérrez et al., 2005; Melillo et al., 2009; May-Collado, 2010).  In addition, 
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there have been reports of sexual behaviors, including sexual harassment, side mounting, 

and copulation.  This has been documented in the Bahamas (Herzing & Johnson, 1997; 

Herzing et al., 2003), in Hawaii (Psarakos et al., 2003) and in Costa Rica (Acevedo-

Gutiérrez et al., 2005; May-Collado, 2010).  From these descriptive accounts it is clear 

that interspecific interactions occur between many dolphin species and that the particular 

behaviors used during aggression are similar across populations (Herzing & Johnson, 

1997; Frantzis & Herzing, 2002; Herzing et al., 2003; Psarakos et al., 2003; Acevedo-

Gutiérrez et al., 2005; Quérouil et al., 2008; Melillo et al., 2009; May-Collado, 2010).   

Group composition is also strikingly similar across populations.  Adults, older 

juveniles and even calves have been described as active participants of aggression 

(Herzing & Johnson, 1997; Frantzis & Herzing, 2002; Herzing et al., 2003; Psarakos et 

al., 2003; May-Collado, 2010).  Uneven group size ratios have been described in the 

Bahamas (bottlenose dolphins<spotted dolphins, Herzing & Johnson, 1997; Herzing et 

al., 2003; Elliser, 2010); in Costa Rica (bottlenose dolphins<Guyana dolphins, May-

Collado, 2010; bottlenose <tucuxi, Acevedo-Gutiérrez et al., 2005), in Greece (striped 

dolphin>other species, Frantzis & Herzing, 2002), in Hawaii (spotted dolphins<spinner 

dolphins, Psarakos et al., 2003), and in Argentina (bottlenose dolphins<Commerson’s 

dolphins, Coscarella & Crespo, 2010).  As most of these studies are limited to surface 

observations and infrequent sightings, these studies may not have captured the full 

dynamic of interspecies aggression. 

 Synchronous behaviors observed during interspecies aggression, including 

synchronous swimming, surfacing, and synchronous vocalizations, have been 

documented in the Bahamas (Herzing & Johnson, 1997), Hawaii (Psarakos et al., 2003), 
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and in Greece (Frantzis & Herzing, 2002) suggesting group behavior is similar across 

some populations.  Behavioral, vocal, and group synchronization, coordination, and 

cooperation between group members have been documented in many marine and 

terrestrial social animals.  This has been described in dolphins during a) aggression 

(Herzing & Johnson, 1997; Frantzis & Herzing, 2002; Psarakos et al., 2003), b) other 

social behaviors including gaining access to mates (Mann & Smuts, 1999; Fellner, 2000; 

Miles & Herzing, 2003; Connor et al., 2006; Elliser, 2010), and c) foraging (Hoelzel, 

1991; Baird & Hill, 1995; Simila, 1997; Baird, 2000).  In terrestrial animals, 

synchronization and coordination has been used a) for cooperative defense (red-winged 

black bird (Agelaius phoeniceus), Olendorf et al., 2004; bison (B. bison), Carbyn & 

Trottier, 1988; and chimpanzees, Wilson et al., 2001), b) for coordinated attacks (wolves 

(Canis lupus), Peterson et al., 2003; Mech & Boitani, 2003; Palagi & Cordoni, 2009; 

primates, Watts, 2004) and c) during play (Bauer & Smuts, 2007). Computer models 

simulating the development of coordination and cooperation have found that there are 

many levels of the “cooperative strategy” including: a) cooperating only with one’s 

group, b) cooperative defense by cooperating only within one’s group and attacking all 

outsiders, and c) the wolf strategy: cooperative attack of a single target (Burtsex & 

Purchin, 2006; Garay, 2009).  The advantages of synchrony, coordination, and 

cooperation among group members ranges from group defense of resources to increased 

predation success to the access of either more or difficult to obtain resources (Stendland 

et al., 2003).  The use of synchronization or coordination during aggression may increase 

the attackers’ likelihood of success (Watts, 2004) or could strengthen the receivers’ 

ability to defend against attack (Carbyn & Trottier, 1988).  The use and advantages of 
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such coordination and synchrony during dolphin interspecific aggression is not well 

understood. 

 

Interspecies Aggression on Little Bahama Bank, the Bahamas 

The Wild Dolphin Project, founded by research director Dr. Denise Herzing, is a 

long-term research project dedicated to studying two sympatric species of dolphin found 

at the study site, the Atlantic spotted dolphin and the coastal ecotype of the Atlantic 

bottlenose dolphin.  Since 1985, over 200 individual Atlantic spotted dolphins have been 

identified.  Individual identification, sex, age class, maternal relationship, population 

genetics, and most recently paternal relationships have been documented for this 

population (Herzing, 1996, Herzing, 1997, Herzing & Johnson, 1997; Miles & Herzing 

2003, Green et al., 2007).  Sex and age class have been determined and well documented 

for the Atlantic spotted dolphin population.  Sex was determined by observation of the 

genital slit (Herzing, 1997).  Four age classes based on color phase and spot development 

are used to classify individual dolphins.  These four age classes, 1) two-tone 

(neonate/calf, 1-3 years), 2) speckled (juvenile, 4-8 years), 3) mottled (young adult, 9-15 

years) and 4) fused (adult, 15+ years) have been well described for the population 

(Herzing, 1997).   

Over 200 bottlenose dolphins have also been individually identified along with 

their sex, age class, and material relationship (Herzing, 1996; Herzing & Johnson, 1997; 

Rossbach & Herzing, 1997; Rossbach & Herzing, 1999; Rogers et al., 2004).  For 

bottlenose dolphins, sex is determined by observation of the genital slit.  The age class of 

bottlenose dolphins can be determined based on individual identification, the size of the 



7 

individual, and its behaviors and associations with over dolphins (i.e. mother-calf pair) 

(Wells, 1991; Tolley et al., 1995; Carwardine et al., 1998; Rossbach & Herzing, 1999; 

Herzing et al., 2003; Scott et al., 2005; Gibson & Mann, 2008). ). 

Various categories of behavior have been defined and documented for both 

species of dolphin (Herzing, 1996; Herzing, 1997; Herzing & Johnson, 1997; Rossbach 

& Herzing, 1997; 1999; Herzing et al., 2003; Miles & Herzing, 2003) as well as 

information on individual associations, mother-calf associations, male alliances and 

coalitions, and overall social structure (Rossbach & Herzing, 1999; Miles & Herzing, 

2003; Rogers et al., 2004; Elliser, 2010). 

Interspecies aggression has been well described in this area of the Bahamas.  

(Herzing, 1996; Herzing & Johnson, 1997; Herzing & Rogers, 2005; Elliser, 2010), 

however, the detailed dynamic of the aggression is not well understood.  Historically, 

interspecific interactions made up about 15% of all dolphin encounters on Little Bahama 

Bank and the group composition and group size of these interactions have been well 

described with adults of both species and even juvenile spotted dolphins participating 

(Herzing & Johnson, 1997; Elliser, 2010).  General descriptions of the behaviors used 

during aggression exist (Herzing & Johnson, 1997), but the occurrence and sequence of 

aggressive behaviors as well as the overall dynamic of aggression has not been 

quantified. 

 

Objectives of Current Study 

 The objectives of the study were three-fold.  First, the study quantified the 

dynamic of interspecies aggression in terms of four major components: 1) the species of 
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the participants, 2) the age class of the participants, 3) the context (defined as the 

presence and synchronous state of male spotted groups), and 4) the behaviors used during 

aggression.  This approach provided a complex understanding of how these components 

impacted the onset, progression, and outcome of interspecies aggression as well as the 

potential reason for the aggression observed. 

 Secondly, this study applied a unique, dynamic approach to the study of 

nonhuman animal behavior.  This dynamic approach was based on theories of distributed 

cognition and dynamical minimalism.  Both theories address how interactions change 

over time and are influenced by the participants and the context (Hutchins, 1995, 2000; 

Johnson, 2001; Nowak, 2004).  Distributed cognition views interactions in terms of 

sequences of events that lead to an observable outcome (Hutchins, 1995; 2000) and both 

theories appreciate that the individuals participating and the overall context can influence 

these interactions in real-time.  Therefore, the objective was to provide the framework for 

applying this methodology to the study of complex non-human animal interactions by 

providing the tools to measure how behavioral interactions change over time and are 

impacted by the participants and the context.  Furthermore, this study provided the results 

and observations possible with a complex, dynamic study. 

 Lastly, this study in conjunction with previous research on the study population, 

determined if common theories of aggression could explain the function of the 

interspecific aggression observed on Little Bahama Bank.  Possible functions of the 

interspecific aggression were discussed for the current population by addressing if 

aggression resulted from competition for resources, dominance, or social factors. 
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METHODS 

Study Site 

The study site for the Wild Dolphin Project (WDP) is located on the western edge 

of Little Bahama Bank off of Grand Bahama Island in the Bahamas (ranging from 26°42’ 

N, 79°00’W to 27°15 N, 79°08’ W) (Figure 1).  This area is composed of shallow waters 

with depths ranging from 6-16 meters, surrounded by deeper water >500 meters. These 

clear, shallow waters offer an average visibility of ! 30 meters, which provides optimal 

underwater viewing of dolphin behavior. 

 

Study Population 

For the current study, the spotted dolphin age classes were combined into two 

categories: 1) juvenile and 2) adult.  The “juvenile” age category consisted of two-tone 

and speckled individuals.  The “adult” category consisted of mottled and fused 

individuals.  This categorization was based on social and other developmental factors, 

including the age of alliance formation.  When possible, sex was determined by 

opportunistic observation of the genital slit or from previously documented individuals.   

For bottlenose dolphin age class was combined into two categories: 1) juvenile (1-8 

years; body size up to and no greater than half the adult size), and 2) adult (subadults and 

adults, 8+ years; full adult body size).  When possible, sex was determined by 

opportunistic observation of the genital slit or individual identification.   
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Data Collection – In the Field  

 A long-term database of WDP encounters has been developed for the WDP field 

season (May through September from years 1985 to present).  This database is composed 

of encounter information, photo identification of both species, underwater videos and 

video logs.  Encounter information included: date of encounter, time of day, habitat type, 

GPS location, group size and composition, behavior/behavioral context, and duration of 

encounter.  This information was obtained for each encounter as well as information on 

the individuals present during encounter, including male spotted alliances and coalitions.  

Underwater videos were recorded using underwater video cameras: a Sony 

CCDV9 8mm, Yashica KXV1u Hi8 mm, or Sony XR 550 camera with attached 

hydrophone (Herzing, 1996 & Herzing & Johnson, 1997).  Ad lib, focal sampling and 

behavioral event scanning methods were used to collect video data (Altmann, 1974, 

Herzing, 1996, Herzing et al., 2003, Miles & Herzing, 2003; Melillo et al., 2009).  

Underwater photo identification and underwater video recordings were used to further 

confirm field observations and document behaviors of both species.  A video log for each 

encounter was used to document the events in a given encounter. These logs included 

information on the species present, individual identification, age, sex, and behaviors 

observed.  Video recordings and encounter data that were used for the current study were 

collected using the abovementioned sampling techniques with focal sampling of 

interspecific aggression.  
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Behavioral Definitions 

 Defining Interspecific Aggression 

 The following operational definitions were used to analyze the interspecific 

aggressive encounters. Interspecific aggressive interactions (defined as behavioral events 

– points in time) were defined as aggressive behaviors displayed towards another species 

of dolphin.  An interspecific aggressive encounter was defined as multiple interspecific 

aggressive interactions (multiple behavioral events) that occurred within a given period 

of time.  An encounter began when documentation by the human observer started in the 

field, and ended when documentation by the observer ended.  Although some behaviors 

used during interspecific aggression may be observed in other behavioral contexts (i.e 

juvenile play fighting or mating), aggression was distinguished from these other contexts 

based on the individuals involved (species, age class, sex and groups size), the frequency 

and duration of the behaviors observed, and the actions and reactions of the individuals 

participating.   

 Defining the Participants 

Within an aggressive encounter, individual(s) were designated as either the 

“aggressor” or the “victim”.  The aggressor was defined as the individual(s) that 

performed the threatening or dominating behavior towards other individual(s).  The 

“victim” was defined as the individual(s) who received the threatening or dominating 

behavior.  The species and age class for both the aggressor and the victim was 

documented.  Within each aggressive encounter the aggressor and victim was 

documented for each aggressive behavioral event. For each aggressive encounter, an 

“overall” aggressor and victim was determined (i.e. species “overall victim” and age class 
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“overall victim”), calculated using total aggressive events within an encounter.  The 

direction of aggression was defined as “aggressor-victim” (e.g. spotted dolphin -

bottlenose dolphin; AS-BN). 

Defining the Behaviors 

An underwater dynamic ethogram (modified from WDP, Table 1) for aggressive 

behaviors was developed and used to score and analyze the underwater aggressive 

encounters.  Six behavioral categories were developed: 1) actions visual, 2) actions 

contact, 3) actions pursuit, 4) sexual displays, 5) changes in group size, and 6) dynamic 

shifts.  These behavioral categories were composed of multiple behaviors.  Behaviors 

were scored as events, or points in time within an aggressive encounter.  Modifiers 

included the direction of the behavior, number of individuals involved, and the presence 

of spotted male groups and their synchronous state. These were developed to further 

describe aggressive behaviors (Table 1).  Not all behavioral events were scored using 

modifiers. 

 Defining the Dynamic of Aggression 

The dynamic of each encounter was described in terms of 1) which individuals 

were considered the aggressor and the victim, 2) the species and age class (level of 

experience) of the participants, 3) the presence of spotted male groups and their 

synchronous state, and 4) the behaviors that occurred.  The synchronous state of spotted 

male groups was defined as not synchronous or synchronous.  A group was not 

synchronous if individuals were performing different behaviors at different times.  A 

spotted group was considered synchronous when the individuals were performing the 
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same behavior at the same time in the same direction towards the same individual 

bottlenose dolphin. 

Since these factors often changed throughout interspecific aggression, the 

dynamic of an encounter sometimes shifted causing the direction of aggression to change.  

A dynamic shift (behavioral category 6) was defined as an event in which the direction of 

aggression reversed: the species that was originally the victim became the aggressor and 

the species that was originally the aggressor became the victim (Figure 2). The original 

victim was defined as the victim before the dynamic shift and the new victim was defined 

as the victim after the dynamic shift.  The same applied to the original aggressor and new 

aggressor.  A dynamic shift was considered “in favor of” a species when that species 

became the new aggressor (i.e. in favor of spotted dolphins and was defined as spotted 

dolphin on bottlenose dolphin). These dynamic shifts occurred once, multiple times or 

not at all in a given encounter.   

When the direction of aggression was established, the species that had received 

the aggression could perform an aggressive behavior towards their aggressor, referred to 

as a “reaction” (Figure 2).  If a second behavioral event was observed immediately 

afterwards and the same species performed the behavior, then the behavioral event 

“dynamic shift” was scored. 

 

Video Selection from the Wild Dolphin Project Database 

 Videos for analysis were selected from the WDP database.  Encounters were first 

identified as interspecific (both Atlantic spotted and bottlenose dolphins were present 

during the encounter).  Video recordings of these encounters were then selected from the 
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WDP video archive.  Video logs and preliminary observation of these video recordings 

were used to determine which videos clearly documented interspecific aggression (based 

on definitions described above) and these videos were then selected for analysis.  Video 

recordings of encounters between the years 1993 and 2004 were used for analysis. 

 

The Analysis Methodology – A Dynamic Approach 

 The current study used a unique, dynamic approach to study animal behavior 

based on theories of distributed cognition and dynamical minimalism (Hutchins, 1995; 

2000; Johnson, 2001; Nowak, 2004).  This methodology realized that the whole is often 

greater then the sum of the parts (Forster & Rodriguez, 2006) and interactions were 

viewed as part of a system that can be analyzed (Johnson, 2001).  The dynamic approach 

considered interactions multidirectional between many individuals and their environment.  

The unit of analysis was the system, or these multidirectional interactions between each 

group of individuals.  These interactions were studied in terms of observable outcomes. 

 

Video Recordings Criteria for Analysis  

 Each video contained a minimum of three minutes of interspecific aggression for 

analysis.  Any video with less than three minutes of aggression was thrown out.  This 

ensured adequate time to observe the dynamic of the encounter (following similar 

protocol as Miles & Herzing, 2004; Melillo et al., 2009).  Video scoring began when both 

species were present in the video frame and continued until the end of the video sequence 

or the end of the encounter.  Only individuals and behaviors that were observed in the 

video frame were scored.  If all individuals of a single species exited the video frame for 
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a time period greater than five seconds or if video clarity was compromised, this was 

noted and no behaviors were scored until individuals or clarity returned.  Any videos 

where clarity was compromised throughout the full video sequence were thrown out. 

 Each encounter was scored as a single video sequence, despite natural breaks in 

the video recording (individuals exiting frame, clarity compromised, observer breaks).  

This ensured that the dynamic (i.e. how the encounter changed over time) was properly 

represented and provided an appropriate balance between statistically valid data and 

biologically relevant and valid behavior (Dawkins, 2007). Each encounter represented a 

single, independent sample and each group was viewed as different and independent 

across each encounter.  To ensure statistical validity and independence, the individual 

group composition of each encounter was confirmed to be different.  If two encounters 

occurred in the same day and the second group was identical to the first, only the first 

encounter of the day was used for analysis.  

 

Video Analysis Procedure  

 Each encounter (video sequence) was viewed and scored using the behavioral 

analysis software program Observer XT 7.0 formatted for Windows. This allowed for 

behavioral coding and scoring with an ethogram and integrated video media (Noldus 

Information Technology, 2011).   

 At the onset of each video sequence, the number of bottlenose dolphins present 

and their age classes as well as the number of Atlantic spotted dolphins present and age 

classes were recorded.  The initial group composition, initial behavior and initial 

direction of aggression were scored as well.  For encounters where the onset/initiation 
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was clearly observed, the species/age class that initiated aggression was recorded as 

“initiating species and age class”.  Videos that showed the initiation of aggression had a) 

only one species present in the video frame and the second species entered with no 

aggressive behaviors occurring and/or b) both species were present in the video frame 

and no aggressive behaviors were observed.  Initiation was not scored when both species 

were already engaged in aggression or when visibility was poor. 

 Throughout an aggressive encounter, information on the aggressor and victim was 

collected as well as information on non-active individuals (individuals present in the 

video frame but were not participating in aggression).  For each video sequence (Figure 

3), changes in a) the aggressor and victim, b) the group composition (including presence 

of a male spotted coalition), and c) behaviors were scored.  For the six behavioral 

categories, any changes in behavior were scored in terms of a) the behavior, b) the 

direction of the aggression (AS-BN or BN-AS), c) the number of individuals present 

(species and/or age classes), and d) the presence and synchronous state of spotted male 

groups.   If a dynamic shift occurred, the following were scored: a) the original victim 

and aggressor (species and age class) and the new victim and aggressor (species and age 

class), b) the presence and synchronous state of spotted male groups and c) the behavioral 

category and, if possible, the specific behavior that occurred prior to the shift. 

 The end of the aggressive encounter was documented.  This included a) the final 

number of individuals present, b) the final direction of behavior, and c) the final 

behavioral category and behavior observed.  Also, the presence and synchronous state of 

spotted male groups was noted.  For each encounter, the type of outcome was defined as 

“observable” or “not observable.”  Observable was defined as aggression ending with 
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either both species remaining present or one species leaving.  An outcome was not 

observable if aggression continued and the encounter and/or video recording ended, or if 

both species left the area while still engaged in aggressive behaviors. 

 

Video Intra- and Inter-observer reliability 

 To ensure intra-rater reliability, each interspecific aggressive encounter (video 

sequence) was scored two times by the primary observer.  In order to ensure strong inter-

rater reliability, 20% of the interspecific aggressive encounters (n=6 encounters) were 

scored by a second, trained observer.  The second observer was trained to use the 

dynamic ethogram and tested using three interspecific aggressive encounters randomly 

selected using a random number generator in Microsoft Excel.  Once the second observer 

was trained, a random number generator was used to randomly select six encounters for 

inter-rater reliability.  The three encounters used to train the second observer were not 

included.  Each encounter was scored by the second observer using Observer XT 7.0 for 

Windows.  To calculate inter-rater reliability, a Pearson’s r correlation and coefficient of 

determination (r
2
) was calculated using the statistical analysis program R 2.9.2 for MAC 

(a free software program designed for statistical computation and graphing).  A 

correlation and r
2
 value of 0.70 or greater was considered strong inter-rater reliability.  

Table 2 lists all the categories and specific inter-rater reliability tests conducted with the 

Pearson’s r values and r
2
 values. 
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Hypotheses Tested  

Victim Hypothesis 

Hypothesis 1: 

H0 : There is no significant difference between the number of times bottlenose 

dolphins are victim and Atlantic spotted dolphins are victim in interspecific 

aggressive encounters.  

H1 : There is a significant difference between the number of times bottlenose 

dolphins are victim and Atlantic spotted dolphins are victim in interspecific 

aggressive encounters. 

 

Dynamic Shift Hypotheses 

Hypothesis 2: 

H0 : For interspecific aggressive encounters, there is no significant difference in 

the occurrence of dynamic shifts when bottlenose dolphins are victim and when 

Atlantic spotted dolphins are victim. 

H1: For interspecific aggressive encounters, there is a significant difference in the 

occurrence of dynamic shifts when bottlenose dolphins are victim and when 

Atlantic spotted dolphins are victim 

 

Hypothesis 3: 

H0 : For interspecific aggressive encounters where Atlantic spotted dolphins are 

victim, there is no significant difference in the occurrence of dynamic shifts when 

an adult male coalition is present. 

H1: For interspecific aggressive encounters where Atlantic spotted dolphins are 

victim, there is a significant difference in the occurrence of dynamic shifts when 

an adult male coalition is present 
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Statistical tests/preparing data for analysis 

Chi-squared and G-tests were used for all analyses and were conducted in R 

(version 2.9.2 for MAC).  The more conservative results were reported for all analyses.  

In cases where small frequency data were being compared and chi-square analysis was 

not appropriate, the G-test results were reported.  If the sample size was too small for 

analyses to be conducted (n!3), the results of the chi-squared and G-tests were not 

reported. 

 

Analyses of Interspecific Aggression between 1993-2004: 

Using data from all interspecific encounters between the years 1993 and 2004, 

analyses were made to determine the overall context of the interspecific aggression.  

Comparisons were made between aggressive and non-aggressive interspecific encounters.  

The locations on Little Bahama Bank of aggressive and non-aggressive interspecific 

encounters were documented. 

 

Analyses of Interspecific Aggression between 1993-2004: Video Analyses 

Behavioral Subsets 

Behavioral subsets were created to determine how the timing of human 

observation relative to the onset of aggression impacted which behaviors were observed 

during interspecific aggression.  Four behavioral subsets were created: 1) full encounters, 

2) known beginning/unknown outcome, 3) unknown beginning/ known outcome, and 4) 

all encounters.  “Full encounters” were those where the initiation and outcome of 

aggression could be clearly observed.  The second subset, “known beginning/unknown 
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outcome”, was all encounters where initiation was observed but the outcome of 

aggression was not observed.  The third subset, “unknown beginning/known outcome”, 

included all encounters where initiation was not observed but the outcome of aggression 

was observed.  The “all encounter” subset was the collection of all interspecific 

aggressive encounters analyzed for this study.  For all subsets, the proportion of time 

each behavioral category and behavior was observed was calculated to control for total 

time of observation differences between each subset.  By creating these subsets, one 

could also determine whether certain behaviors were observed in higher proportion at the 

onset of aggression compared to the middle and end of aggression.  This provided the 

opportunity to test for potential observational bias and how the use of particular 

behaviors changed over time during interspecies aggression. 

Determining the “Overall Victim” and “Overall Aggressor” of an Aggressive 

Encounter – The Species 

To determine the victim of each aggressive encounter, the total 

number of aggressive events where bottlenose dolphins were victim and the total number 

of aggressive events where spotted dolphins were victim was calculated for each 

encounter.  The “overall victim” of each encounter was determined by comparing the 

total number of aggressive events each species was victim in a given encounter (Figure 

4).  If only one species was victim throughout the entire encounter, that species was 

considered the “overall victim” of the encounter.  When both species were victim in an 

aggressive encounter (indicating a dynamic shift had occurred) a chi-squared analysis 

was performed to determine if a significant difference existed between the number of 
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events each species was victim within that encounter (Figure 4).  This same procedure 

was used to determine the “overall aggressor” of an aggressive encounter. 

Determining the “Overall Victim” and “Overall Aggressor” of an Aggressive 

Encounter – The Age Class 

 To determine which age class was the “overall victim” of an aggressive 

encounter, the same procedure described above was used (Figure 5).  For each encounter 

where the species “overall victim ” (species A) was determined, the corresponding age 

class for species A was recorded as the age class “overall victim.”  If the other species 

(species B) had been victim during the encounter as well (i.e. a dynamic shift had 

occurred), the age classes for species B was not taken into account.  For encounters 

where both age classes of the “overall victim” species (species A) were victim, a chi-

squared analysis determined if a significant difference existed and the same elimination 

criteria as described above applied.  This same procedure was used to determine the 

“overall aggressor” of an aggressive encounter. 

 A second analysis of the age class data was conducted to determine which age 

classes were victim more often regardless of which species was the “overall victim” of 

the encounter.  Similar methods as those described above were used to determine which 

age class, regardless of the overall victim, was victim during aggression. 

Initiating Interspecies Aggression – Species, Age Class, and Context 

 For each encounter where initiation was observed the species and age class that 

initiated aggression was determined.  At the occurrence of initiation, the presence of 

spotted male groups and their synchronous state was determined.  The number of 
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encounters where each species and age class initiated aggression was determined, as well 

as the effect of spotted groups on initiation for each species.   

The Occurrence of Dynamic Shifts – Species, Age Class, and Context 

 For each encounter, the total number of dynamic shifts that occurred in each 

encounter was determined.  Encounters where no dynamic shift occurred were not used in 

this analysis.  For each dynamic shift, the original aggressor and victim was determined 

and the new aggressor and victim.  Additionally, the presence and synchronous state of 

spotted male groups at the point of the dynamic shift was determined.  The number of 

times a dynamic shift occurred in favor of bottlenose dolphins (BN onto AS; aggressor: 

bottlenose dolphin, victim: spotted dolphin) and in favor of spotted dolphins (AS onto 

BN; aggressor: spotted dolphin; victim: bottlenose dolphin) was determined.  

Comparisons were made between the age groups.  The effect of spotted male groups on 

the occurrence and resulting direction of dynamic shifts was determined. 

 Reactions and Outcome 

 When the direction of aggression was clearly established during interspecies 

aggression, the species receiving aggression may have performed an aggressive behavior 

in reaction to (retaliation) the aggressor(s).  These reactions either resulted in a dynamic 

shift (if a second aggressive behavior was performed by the same species) or no dynamic 

shift.  Analyses were conducted to determine how species, age class and context 

impacted the occurrence and outcome of reactions. 
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RESULTS 

Interspecific Aggression between 1993 and 2004 

 Between the years 1993 and 2004, 1,293 dolphin encounters were documented 

with 186 (14%) interspecific encounters.  Of these interspecific encounters, 46% were 

considered aggressive (n=86) and 54% of these interspecific encounters (n=100) did not 

involve aggression between the two species.  Figure 6 depicts the various behavioral 

contexts of the nonaggressive interspecific encounters and the behavioral contexts that 

co-occurred with all interspecific aggressive encounters.  Most nonaggressive 

interspecific interactions between spotted and bottlenose dolphins occurred during travel 

and foraging (41% and 26%) while most of aggressive interspecific interactions were 

only aggressive (35%).  Interspecific, nonaggressive traveling encounters (n=41) 

occurred twice as often as interspecific aggressive traveling encounters (n=17).  

Interspecific nonaggressive foraging encounters (n=26) also occurred almost twice as 

often as interspecific aggressive foraging encounters (n=15).   Using the latitude and 

longitude coordinates of every interspecific encounter, a map of the study area was 

created, marking the location of all nonaggressive and aggressive interspecific encounters 

between the years of 1993 and 2004 (Figure 7).  Most interspecific encounters occurred 

in the northern area of the study site (northwest to northeast).  There was no obvious 

clustering of aggressive versus nonaggressive encounters within the study site. 
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Aggressive interspecific encounters and non-aggressive interspecific encounters appeared 

to be evenly distributed throughout the north/northwest area of Little Bahama Bank. 

 

Interspecific Aggression between 1993-2004: Video Analyses 

 Out of 86 interspecific aggressive encounters, 41 encounters met the initial 

criteria for video analysis based on whether interspecific aggression was adequately 

documented in the PVL and on preliminary screening of videos of interspecific 

aggression.  Of the 41 encounters initially selected, nine were omitted from analysis due 

video analysis criteria.  Thirty-two interspecific aggressive encounters were used for the 

following behavioral and dynamic analyses.  A total of 462.5 minutes (almost 8 hours) of 

interspecific aggression were analyzed.  On average, interspecific aggression lasted 

approximately 15 minutes (SE=1.5449) and the longest interspecific aggressive encounter 

lasted 43 minutes and the shortest only three minutes. 

 

Behavioral Subset Analyses   

Behavioral Analyses of Full Encounter Subset 

Overall, action contact (Category) and action pursuit (Category) behaviors were 

observed most often during interspecific aggression, followed by sexual displays 

(Category) and finally action visual (Category) behaviors.  Results from Table 3 showed 

a significant difference between the number of times all behavioral categories were 

observed, with the exception of action contact (Category) and action pursuit (Category).   

Further analyses compared specific behaviors within each behavioral category 

(Table 4) and within the action visual category, open mouth displays occurred more often 
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than full body displays ("
2
 =10, df =1,  p<0.005).  There were no significant differences 

between all other action visual behaviors (Table 3).  Biting and tail contact occurred more 

often than other contact behaviors.  There was no significant difference ("
2
=0.72, df=1, 

p>0.05) between the number of times biting (n=28) and tail contact (n=22) occurred, but 

all additional pair-wise comparisons of contact behaviors were significant.  There were 

no significant differences between the number of times any of the specific pursuit 

behaviors were observed.  Lastly, there was a significant difference between the number 

of times side mounting and erections only were observed ("
2
=9.14, df=1, p<0.005), as 

side mounting occurred almost four times more often than erections alone.  Bottlenose 

dolphins were observed side mounting (n=88 behavioral events) spotted dolphins 

significantly more often than spotted dolphins (n=0 behavioral events) were observed 

side mounting bottlenose dolphins ("
2
=88, n=188, df=1, p<0.0001). 

 Overall, the four most commonly observed behaviors during aggression from 

each behavioral category were open mouth displays (action visual category), biting 

(action contact category), chasing (action pursuit category), and side mounting (sexual 

displays category) (Table 4). 

Behavioral Analyses of all Partial Aggression Subsets 

 Compared to all other behavioral categories, action visual behaviors were 

observed in least proportion for all subsets (Table 5).  Action contact and action pursuit 

behaviors were observed in highest proportion for all aggression subsets, and sexual 

displays occurred third most often for all aggression subsets.  This trend was consistent 

with the trends described for the full subset.   
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 Comparisons of the action visual category across all four subsets showed that 

visual behaviors were observed in highest proportion within the “unknown 

beginning/known outcome” subset (proportion=0.22) compared to the “known 

beginning/unknown outcome” subset (proportion=0.20), “all encounter” subset 

(proportion=0.19), and “full encounter” subset (proportion=0.12).   

Interestingly, contact, pursuit and sexual displays were observed in higher 

proportion within the “unknown beginning/known outcome” subset compared to the 

“known beginning/unknown outcome” subset.  These three categories were observed in 

the lowest proportion during the “known beginning/unknown outcome” subset (Table 5). 

 The four most commonly observed behaviors remained consistent with the 

exception of pursuit behaviors.  Similar to the full encounter subset, open mouth, biting, 

and side mounting were the most commonly observed behaviors in all subsets.  Contrary 

to the full encounter subset, chasing was not the most common pursuit behavior observed 

in all subsets. Charging occurred in higher proportion within the “unknown 

beginning/known outcome” subset.  For all other subsets within action pursuit, chasing 

was observed in highest proportion (Table 5).  

 

Analyses on the “ Overall Victim” of Aggressive Encounters – The Species and Age 

Class 

 Out of the 32 interspecific aggressive encounters, there were 28 encounters where 

a species “overall victim” could be determined.  Bottlenose dolphins were the overall 

victim 57% of the time (n=16 encounters), whereas spotted dolphins were the overall 

victim 43 % of time (n=12 encounters).  Analyses of these victim rates shown in Table 6 
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revealed no significant difference between the number of encounters bottlenose and 

spotted dolphins were the “overall victim” of interspecific aggression.   

Table 7 shows the number of encounters each species and age class was the 

overall victim.  Adult bottlenose, adult spotted, juvenile bottlenose and juvenile spotted 

dolphins were victim 58%, 21%, 0%, and 21% of the time, respectively (n=24 

encounters).  There was a significant difference between the number of encounters where 

adults and juveniles were the overall victim of aggression regardless of their species 

("
2
=8.17, df=1, p<0.005).    

Adult bottlenose dolphins were the overall victim of interspecific aggression 

significantly more often than adult spotted dolphins ("
2
=4.26, df=1, p<0.05).  There was 

no significant difference between the number of encounters adult spotted and juvenile 

spotted dolphins were the overall victim of an aggressive encounter ("
2
=0, df= 1, 

p>0.05).   This contrasts significantly with the bottlenose dolphins’ involvement as 

juvenile bottlenose were not actively involved, if even present (n=1 encounter) during 

aggressive encounters.  Furthermore, adult bottlenose dolphins were the “overall victim” 

significantly more often than juvenile spotted dolphins (G=4.44, df=1, p<0.05). 

 

Analyses on the “ Overall Aggressor” of Aggressive Encounters – the species and age 

class 

 There was no significant difference ("
2
=0.57, df=1, p>0.05) between the number 

of encounters where spotted dolphins were the overall aggressor (n=16) and bottlenose 

dolphins were the overall aggressor (n=12).  When age class was considered, adults 

regardless of species were the overall aggressor significantly more often than juveniles 
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(Table 8).  Juvenile dolphins regardless of species were never the overall aggressor of an 

interspecific aggressive encounter (Table 9).  When considering both species and age 

class, there was no significant difference between the number of encounters that adult 

spotted dolphins (n=12) and adult bottlenose dolphins (n=11) were the overall aggressor 

("
2
=0.044, df=1, p>0.05).  All additional pair-wise comparisons between species and age 

class were significant (Table 8). 

 

Initiating Interspecific Aggression – Species and Age Class 

 The initiation of interspecific aggression was observed 75% of the time (n=24) 

with only eight encounters omitted from analysis.  There was no significant difference 

between the number of aggressive encounters initiated by spotted and bottlenose dolphins 

("
2
=1.5, df=1, p>0.05).  Spotted dolphins initiated aggression in 15 encounters and 

bottlenose dolphins only initiated aggression in nine encounters.  There were significant 

differences observed when taking the age class of the species (Table 10) initiating 

aggression into account (Table 11).  Adults initiated aggression (n=23) significantly more 

often than juveniles (n=1), regardless of species ("
2
=20.17, df=1, p<0.0001).  There was 

a significant difference between the number of encounters in which adult spotted 

dolphins and juvenile spotted dolphins initiated aggression ("
2
=11.27, df=1, p<0.001), 

and encounters where adult bottlenose and juvenile spotted dolphins initiated aggression 

("
2
=6.4, df=1, p<0.05).  Juvenile bottlenose dolphins did not initiate any interspecific 

aggression.  There was no significant difference between the number of encounters that 

adult spotted and adult bottlenose dolphins initiated aggression ("
2
=1.09, df=1, p>0.05). 
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Initiating Interspecific Aggression – The Effect of Context 

 There was a significant difference between the number of aggressive encounters 

initiated by spotted and bottlenose dolphins when the context (presence and synchronous 

state of spotted male groups) was considered (Table 11). 

Initiating Interspecific Aggression – Effect of Context on Bottlenose Dolphins 

 All analyses on initiation by bottlenose dolphin referred to adult bottlenose only, 

since juvenile bottlenose dolphins never initiated aggression.  There was no significant 

difference between the number of aggressive encounters initiated by bottlenose dolphins 

when no spotted group was present, when an association only was present, or when a 

coalition/association was present (G=0.68, df=2, p>0.05).   

There were significant differences when the synchronous state of the spotted male 

group was considered.  Bottlenose dolphins initiated aggression significantly more often 

(G=12.48, df=1, p<0.001) when no spotted group was present/spotted group was present 

but not synchronous compared to when a spotted group was present and synchronous.  

Bottlenose dolphins never initiated aggression when a spotted male group was present 

and synchronous.   

Initiating Interspecific Aggression – Effect of Context on Spotted Dolphins 

 Juvenile spotted dolphins only initiated aggression in one interspecific encounter; 

therefore, results described represent those encounters where adult spotted dolphins 

initiated aggression.  The presence of spotted male groups did have a significant effect on 

the number of encounters initiated by spotted dolphins (G=12.39, df=2, p<0.01).  The 

majority of encounters initiated by spotted dolphins occurred when a coalition (includes 

associations) was present  (n=11) versus associations only (n=3) versus no group present 
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(n=1).  There was a significant difference between the number of encounters initiated by 

spotted dolphins when there was no spotted group present versus coalitions (includes 

associations) present ("
2
=6.23, df=1, p<0.01).  Spotted dolphins initiated aggression 

significantly more often ("
2
=6.23, df=1, p<0.05) when there was a coalition (includes 

association) present compared to when there was an association only present.   

 The synchronous state of these groups impacted the likelihood of spotted dolphins 

initiating aggression as 87% of all spotted dolphin-initiated encounters occurred when a 

spotted male group was both present and behaving in synchrony.  Spotted dolphins 

initiated aggression significantly more often when a spotted group was present and 

synchronous versus not present/present and not synchronous ("
2
=8.07, df=1, p<0.01). 

Initiating Interspecific Aggression – Comparing the Effect of Context On 

Bottlenose and Spotted Dolphins 

 The context under which bottlenose and spotted dolphins initiated aggression 

differed significantly, indicating the presence and synchronous state of spotted male 

groups impacted which species initiated aggression differently (Table 11).  Spotted 

dolphins (n=11), compared to bottlenose dolphins (n=2), initiated aggression significantly 

more often when a coalition was present ("
2
=6.23, df=1, p<0.05).  Additionally, the 

synchronous state of spotted male groups had a significant effect on whether bottlenose 

or spotted dolphins initiated aggression (G=21.32, df=1, p<0.0001).  Spotted dolphins, 

compared to bottlenose dolphins, initiated aggression significantly more often when 

spotted group was present and synchronous ("
2
=13, df=1, p<0.001).  Bottlenose dolphins 

never initiated aggression in the presence of a synchronous spotted male group and only 
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initiated aggression when a spotted group was either not present/present but not 

synchronous ("
2
=4.45, df=1, p<0.05).  

 

The Occurrence of Dynamic Shifts – Species and Age Class 

 Out of 32 interspecific aggressive encounters, dynamic shifts occurred during 12 

of these encounters (38% of the encounters).  A total of 27 dynamic shifts were observed 

during these 12 aggressive encounters.  Dynamic shifts in favor of bottlenose dolphins 

occurred 14 times and dynamic shifts in favor of spotted dolphins occurred 13 times.  

There was no significant difference between the number of dynamic shifts in favor of 

bottlenose dolphins and the number of dynamic shifts in favor of spotted dolphins (Table 

12).  Dynamic shifts occurred significantly more often when the original victim of the 

aggression was an adult than when the original victim was a juvenile ("
2
=13.5, df=1, 

p<0.001).  There was no significant difference between the number of dynamic shifts that 

occurred when the original victim was an adult bottlenose dolphin compared to when the 

original victim was an adult spotted dolphin (Table 13).  There was a significant 

difference between the number of dynamic shifts that occurred when the original victim 

was an adult bottlenose dolphin compared to when the original victim was a juvenile 

spotted dolphin ("
2
=7.12, df=1, p<0.01).  No significant difference was observed when 

comparing adult and juvenile spotted dolphins (Table 12). 

 

The Occurrence of Dynamic Shifts – The Effect of Context 

Table 14 shows that the context impacted the occurrence and direction of dynamic shifts 

during interspecies aggression. 
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The Occurrence of Dynamic Shifts – The Effect of Context on the Occurrence of 

Dynamic Shifts when the Original Victim is a Bottlenose Dolphin 

The presence of spotted groups alone had no effect on the occurrence of dynamic 

shifts in favor of bottlenose dolphins.  Dynamic shifts were just as likely to occur when a 

larger coalition was present, a smaller alliance, or no group at all (Table 12).  The 

synchronous state of spotted groups had a significant effect on the occurrence of dynamic 

shifts in favor of bottlenose dolphins ("
2
=14, df=2, p<0.001).  No dynamic shifts in favor 

of bottlenose dolphins occurred when a spotted group was synchronous.  All 14 dynamic 

shifts in favor of bottlenose dolphins occurred when either no spotted group was present 

or a spotted group was present but was not acting synchronously.  There was no 

significant difference between the number of dynamic shifts that occurred when no 

spotted group was present and when a spotted group was present but not synchronous 

(Table 12).  Additionally, there was a significant difference between the number of 

dynamic shifts that occurred a) when spotted groups were present and not synchronous 

versus present and synchronous (Table 12) and b) when spotted groups were not present 

versus when spotted groups were present and synchronous (Table 12). 

The Occurrence of Dynamic Shifts – The Effect of Context on the Occurrence of 

Dynamic Shifts when the Original Victim is a Spotted Dolphin 

The presence of spotted groups alone had no significant effect on the occurrence 

of dynamic shifts in favor of spotted dolphins (G=5.21, df=2, p>0.05).  The synchronous 

state of spotted groups, regardless of their size, did have a significant effect on the 

occurrence of dynamic shifts in favor of spotted dolphins (G=8.02, df=2, p<0.05).  

Dynamics shifts in favor of spotted dolphins occurred significantly more often ("
2
=6.4, 
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df=1, p<0.05) when a spotted group was present and synchronous compared to when no 

group was present.  Dynamic shifts when spotted groups were present and synchronous 

occurred more than twice as often compared to dynamic shifts when a spotted group was 

present but not synchronous, but this difference was not significant. 

The Occurrence of Dynamic Shifts - Comparing the Effect of Context On 

Bottlenose and Spotted Dolphins 

Comparing the number of dynamic shifts in favor of spotted dolphins to the 

number of dynamic shifts in favor of bottlenose dolphins revealed that the presence of 

spotted groups alone did not significantly effect the occurrence of dynamic shifts for one 

species of dolphin over the other (Table 12).  However, the synchronous state of spotted 

groups did have a significant effect.  The number of dynamic shifts in favor of spotted 

dolphins, compared to bottlenose dolphins, occurred significantly more often when 

spotted groups were synchronous ("
2
=9, df=1, p<0.01).  Dynamic shifts in favor of 

bottlenose dolphins, when compared to spotted dolphins, occurred significantly more 

often when a spotted group was not present/present but not synchronous ("
2
=5.56, df=1, 

p<0.05). 

 

Reactions – Retaliation and the Outcome 

 Bottlenose dolphins reacted against the aggressor (a spotted dolphin) (n=41) more 

often than the number of times spotted dolphins reacted against the aggressor (a 

bottlenose dolphin) (n=28). However, this difference was not significant.  There was a 

significant difference between the number of times adults and juveniles reacted against 

the aggressor ("
2
=25.86, df=1, p<0.0001).  Adult bottlenose dolphins reacted against the 
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aggressor (a spotted dolphin) significantly more often than adult spotted dolphins reacted 

against the aggressor (a bottlenose dolphin) ("
2
=15.87, df=1, p<0.0001).  There was no 

significant difference between the number of times adult spotted dolphins and juvenile 

spotted dolphins reacted to the aggressor (a bottlenose dolphin) (Table 15). 

 For bottlenose dolphins, there was a significant difference between the number of 

reactions that did not result in a dynamic shift compared to those that did result in a 

dynamic shift (Table 15).  Table 16 shows the occurrence and outcome of reactions when 

spotted groups were not present, present/not synchronous or present/synchronous.  The 

presence of spotted groups had no effect on whether bottlenose dolphins reacted towards 

the spotted dolphin aggressor ("
2
=2.39, df=2, p>0.05).  However, the synchronous state 

did have a significant effect ("
2
=7.05, df=1, p<0.01) and bottlenose dolphins reacted 

towards the spotted dolphin aggressor significantly more often when spotted groups were 

not present/not synchronous. 

 Table 17 shows the context had little effect on whether spotted dolphins reacted 

towards the aggressor.  There was no significant difference between the number of 

reactions that occurred when no spotted group was present vs. when an association was 

present vs. when a coalition was present (Table 17).  There was no significant difference 

between the number of reactions by spotted dolphins when a spotted group was present 

and synchronous compared to those made when a spotted group was not present/not 

synchronous (Table 17). 

 There was a significant difference between the number of reactions by bottlenose 

dolphins when a spotted coalition was present compared to the number of reactions by 

spotted dolphins under the same context ("
2
=4.55, df=1, p<0.05).  Bottlenose dolphins 
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reacted against a spotted dolphin aggressor significantly more often when a spotted group 

was not present/not synchronous compared to the number of reactions by spotted 

dolphins towards a bottlenose dolphin aggressor under the same context ("
2
=6.10, df=1, 

p<0.05).  
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DISCUSSION 

 On Little Bahama Bank in the Bahamas, interspecific encounters remained 

extremely consistent over the years, making up about 14% of all encounters between the 

years of 1993 and 2004 (15% of all encounters between the years of 1985 and 2001 

(Herzing & Johnson, 1997; Herzing et al., 2003).  Between 1993 and 2004, interspecific 

aggressive encounters made up 46% of all interspecies encounters, whereas previous 

accounts have reported interspecific aggression as making up 31%- 35% of all 

interspecific encounters (Herzing & Johnson, 1997; Herzing et al., 2003).  The reason for 

this difference is unclear.  Overall, the occurrence of interspecific groups on Little 

Bahama Bank was rare, which was similar to the rare accounts of interspecific groups in 

other parts of the world including in the Azores (Quérouil et al., 2008), in Hawaii 

(Psarakos et al., 2003), in Greece (Frantzis & Herzing, 2002), and in areas of the 

Bahamas (Herzing et al., 2003; Melillo et al., 2009).  It appears the occurrence of 

interspecific encounters make up a small percent (2%-30%) of the total encounters for a 

particular area (Frantzis & Herzing, 2002; Herzing et al., 2003; Psarakos et al., 2003; 

Quérouil et al., 2008; Melillo et al., 2009).  Interspecific aggressive encounters have been 

reported in most of these areas, however the overall occurrence of these aggressive events 

is not clear (Frantzis & Herzing, 2002; Herzing et al., 2003; Psarakos et al., 2003). 

 

. 
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Interspecies Aggression between 1993-2004: Video Analyses  

Behavioral Subsets: Behaviors Observed During Interspecific Aggression – The Full 

Encounter Subset 

 These analyses provided a detailed account of the behaviors being used 

throughout aggression and showed that contact (Category), pursuit (Category) and sexual 

display (Category) behaviors were observed most often.  There are many reasons why 

these types of behaviors were observed more often than visual behaviors.  Contact and 

pursuit behaviors were used during escalated and intense aggression and may either cause 

the most bodily/physical harm to the receiving individuals or may be the most 

energetically costly to the receiving individuals.  Contact behaviors, such as tail swipes, 

body slamming, and biting have been observed in other dolphin species and are 

considered some of the more harmful and serious behaviors used during aggression 

(Connor et al., 1992; Connor et al., 2000; Frantzis & Herzing, 2002; Weaver, 2003; Scott 

et al., 2005 May-Collado, 2010).  Chasing and charging have all been observed in serious 

aggression between individuals (Connor et al., 1992; Connor & Smolker, 1996; Frantzis 

& Herzing, 2002; Herzing et al., 2003; Psarakos et al., 2003; Weaver, 2003; Acevedo-

Gutiérrez et al., 2005; Connor et al., 2006; May-Collado, 2010).  The use of highly 

intense behaviors during dolphin aggression was similar to the behaviors observed in 

primate studies.  In both animal groups contact behaviors appear to occur more often than 

other aggressive behaviors (visual threats) and can cause significant bodily harm to the 

victim (receiving individual) (Petit et al., 1997; Fawcett & Muhumuza, 2000; Kutsukake 

& Hasegawa, 2005; Watts et al., 2006; Muller et al., 2007; Talebi et al., 2009; Stumpf & 

Boesch, 2010).  Chimpanzees have been documented to physically beat other 
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chimpanzees, bite, and even tear off body parts, sometimes resulting in the fatality of the 

victim (receiving individual) (Watts, 2004; Watts et al., 2006; Boesch et al., 2007).   It is 

apparent that these types of physical contact behaviors are indicators of high intensity 

aggression (Petit et al., 1997; Gros-Louis, 2003).  Serious aggression in primates has 

resulted in the death of the victim (receiver), with severe physical trauma as the cause of 

the fatality (Gros-Louis et al., 2003; Watts, 2004; Watts et al., 2006; Boesch et al., 2007; 

Talebi et al., 2009).  Although there have been a few confirmed reports of dolphin 

infanticide (Patterson, 1998; Dunn et al., 2002; as cited by Nery et al., 2009), to date 

there have been no observations of fatalities due to interspecies aggression observed on 

Little Bahama Bank.  Seasonal and yearly re-sightings of the individuals involved in 

aggression (Elliser, 2010) suggest that these interspecific aggressive encounters were not 

fatal, but due to the nature of the field research, the cause of fatality is not always clear.  

In addition to contact and pursuit behaviors, sexual display behaviors, most 

commonly side mounting, were observed during interspecific aggression.  Side mounting 

was observed as a unidirectional behavioral event, where bottlenose dolphins performed 

the side mounting behavior and the spotted dolphins received the side mounting behavior.   

Side mounting is likely a form of dominance used by the larger bottlenose dolphins 

against the smaller spotted dolphins.  The spotted dolphins typically responded passively, 

with no obvious attempt to prevent the behavior from occurring.  In other cases, other 

spotted dolphins intervened which allowed the receiver of the side mounting to leave.  

Dominance behaviors have been described as unidirectional or asymmetrical (Clutton-

Brock & Parker, 1995), with obvious aggressive-submissive roles present (Clutton-Brock 

& Parker, 1995; Rowell, 1966; Hausfater, 1975 as cited by Samuels & Gifford, 1997; 
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Samuels & Gifford, 1997; O’Donnell, 2001; Stensland et al., 2003; Gear, 2005; Einat, 

2009; Cafazzo et al., 2010).  Dominance has also been linked to body size, where larger 

individuals were able to exert their dominance through specific behaviors and smaller 

individuals received the behavior and responded in a submissive fashion (Clutton-Brock 

& Parker, 1995; primates: Vasey et al., 1998; dolphins: Samuels & Gifford, 1997; 

Frantzis & Herzing, 2002; May-Collado, 2010; dogs: Cafazzo et al., 2010).  Sexual 

behaviors, including forced copulation have been used in the context of aggression in 

human beings (Homo sapiens) (O’Donnell, 2001; Gear, 2005; Einat, 2009), in dolphin 

groups (Herzing & Johnson, 1997; Weaver, 2003; Herzing et al., 2003; Psarakos et al., 

2003; Weaver, 2003; Acevedo-Gutiérrez et al., 2005; Scott et al., 2005; Elliser, 2010; 

May-Collado, 2010) and in other animal groups (Clutton-Brock & Parker, 1995).  The 

occurrence and direction of sexual behaviors during interspecific aggression on Little 

Bahama Bank was similar to the accounts described in other parts of the world, most 

notably those documented at GMWR.  Interspecific copulation and other forms of sexual 

displays and sexual harassment have been documented during aggression between other 

dolphin species (Herzing & Johnson, 1997; Herzing et al., 2003; Herzing & Rogers, 

2005; Psarakos et al., 2003; Acevedo-Gutiérrez et al., 2005; May-Collado, 2010).  The 

larger dolphin has often been described as performing the sexual behavior and the smaller 

dolphin has been descried as the receiver of the behavior (Herzing & Johnson, 1997; 

Psarakos et al., 2003; Acevedo-Gutiérrez et al., 2005; May-Collado, 2010), but there are 

examples where the smaller individuals performed the side mounting behavior (Herzing 

et al., 2003). The use of sexual behaviors during aggression has been linked to dominance 

relationships, with the dominant individual performing the sexual behavior or attempting 
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forced copulation on the receiving individual.  In human being prison studies forced 

sexual behaviors have been linked to dominance and rank.  Access to sex has been 

correlated with rank, where lower ranking individuals were assigned the “lower ranking 

feminine roles” and received the forced copulation.  Higher ranked men performed the 

sexual behavior, which was viewed as a demonstration of their power and higher status 

within the prison system (O’Donnell, 2001; Gear, 2005; Einat, 2009).   

In the case on Little Bahama Bank, the unidirectional nature of the side mounting 

behavior and the individuals involved, the passive response of the receiving individual 

and the aggressive response of other spotted dolphins, and the overall aggressive context 

of this side mounting behavior offers strong support that this is a method the bottlenose 

dolphins use to exert dominance over the spotted dolphins.  As suggested in other 

examples, dominance can be context dependent and does not necessarily last long term 

(Samuels & Gifford, 1997; Herzing et al., 2003; Kutsukake & Hasegawa, 2005 Cafazzo 

et al., 2010).  This appeared to be the case for the bottlenose and spotted dolphins, as 

spotted dolphins occasionally intervened and successfully stopped side mounting from 

occurring within a given aggressive encounter. 

  Overall, the behavioral categories and specific behaviors documented during 

interspecific aggression on Little Bahama Bank were similar to those previously 

described in aggression studies (Connor et al., 1992; Samuels & Gifford, 1997; Frantzis 

& Herzing, 2002; Herzing et al., 2003; Psarakos et al., 2003; Weaver, 2003; Acevedo-

Gutiérrez et al., 2005; Connor et al., 2006; May-Collado, 2010).  The results of the 

current study provided the directionality of aggression, the frequency of occurrence of 
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specific types of behaviors, and the potential function of these behaviors during 

aggression. 

 

Behavioral Subsets: Behaviors Observed During Interspecific Aggression – The Partial 

Encounter Subsets 

Comparing the partial encounter subsets analyses with those of the “full 

encounter” subset revealed that regardless of when human observations began in relation 

to the onset of aggression, contact, pursuit, and sexual display behaviors were observed 

in the highest proportion with visual behaviors observed in the lowest proportion. The 

types of behaviors used throughout the course of aggression do not appear to fluctuate 

dramatically.  Behaviors that represent a high intensity of aggression with high impact 

were used throughout.  This revealed that the timing of human observation relative to the 

onset of aggression did not influence which behavioral categories are observed.   

 Comparisons of how often each behavioral category was observed during each 

subset revealed how the use of the aggressive behaviors and the intensity of aggression 

changed over time.  Regardless of subset, contact, pursuit, and sexual displays were 

observed most often with visual behaviors being observed in the lowest proportion.  All 

behavioral categories were observed in higher proportion towards the middle and end of 

aggression (“unknown beginning/known outcome” subset) versus the beginning of 

aggression (“known beginning/unknown outcome” subset).  This suggests that these 

behaviors are observed in higher proportion and used more often towards the middle and 

end of aggression than at the onset of aggression.  This also suggests that  the intensity of 

aggression changed over time and that aggression became more intense towards the 
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middle and end of aggression as the observation and use of more intense aggressive 

behaviors increased. 

 

Behaviors Observed During Interspecific Aggression  - Action Visual Behaviors: Use and 

Function  

Behavioral subset analyses revealed that visual behaviors were observed in lowest 

proportion for all subsets.  Action visual behaviors were seen in higher proportion at the 

end of aggression (“unknown beginning/known outcome”) subset compared to the 

beginning (“known beginning/unknown outcome” subset) and to the “full encounter” 

subset.  Previous research on aggression and the use of visual displays have found visual 

displays to function as: 1) a threat of oncoming aggression, 2) a way to prevent the onset 

of aggression and/or, 3) a submissive display during aggression (Samuels & Gifford, 

1997; Kutsukake & Hasegawa, 2005; Watts et al., 2006; Vogel et al., 2007; Jacobs et al., 

2008; Cafazzo et al., 2010).  This has been observed in many animals including dolphins 

(Psarakos et al., 2003), Japanese macaques (Macaca fuscata) (Kutsukake & Hasegawa, 

2005) and other primates (Watts et al., 2006) and in dogs (Canis lupus familiaris) 

(Cafazzo et al., 2010).  The function of visual displays during interspecific aggression on 

Little Bahama Bank is unclear.  As this study only looked at intense interspecific 

aggression, it is logical to hypothesize that visual behaviors would be observed in lower 

relative proportion whether they functioned as a threat of aggression, a way to prevent 

aggression from starting, or a display of submission. 
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The “Overall Victim” and “Overall Aggressor” of Interspecies Aggression – The Species 

 Results from this study suggest there were two levels of dominance during 

interspecies aggression.  The first was dominance at the “encounter level” where one 

encounter was considered separate from the other.  The second level of dominance was at 

the “gross level” where all the aggressive encounters were considered collectively.  When 

looking at the encounter level, considering only a single interspecific aggressive 

encounter, it was clear that one species dominated over the other and acted as the 

aggressor significantly more often than the other species.  This was also apparent when 

considering which species was the victim during a single interspecific aggressive 

encounter.  Within a single aggressive encounter, one species did dominate the other 

species as there were only four aggressive encounters where an overall victim and overall 

aggressor could not be determined. 

At the gross level one species did not appear to dominate over the other.  Overall, 

between the years of 1993 and 2004 interspecific aggression was not unidirectional.  

There was no difference between the number of encounters each species was the overall 

victim or the overall aggressor.  The species of the individuals that participated in 

aggression did not strongly predict the dynamic of aggression or which species 

dominated an aggressive encounter.  By looking at the aggressive encounters collectively, 

one species was not the overall aggressor and overall victim more often than the other.  

There were some specific encounters where an overall victim and aggressor could not be 

determined suggesting that even within a single encounter, one species did not always 

dominate the other.  Furthermore, there was no difference between the number of 

aggressive encounters initiated by either species.   
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The presence of unidirectional interactions is often used as an indicator of 

dominance relationships, where one individual or group is dominant over the other or 

specific interactions are influenced by rank (Clutton-Brock & Parker, 1995; Samuels & 

Gifford, 1997; Vasey, 1998; Engh et al., 2005; Cafazzo et al., 2010; May-Collado, 2010).  

The results suggest that at the encounter level, unidirectional interactions were present 

and one species dominated the other, but that at the gross level over the long term, the 

direction of aggression was not unidirectional.  This suggests that despite the obvious 

species dimorphism observed between the bottlenose and spotted dolphins (bottlenose 

dolphins are 2-3 times larger, Herzing & Johnson, 1997), the larger bottlenose dolphins 

were not guaranteed to be the aggressor and the smaller individuals were not always the 

victim during each encounter.  Body size is a good indicator of aggressive ability 

(Archer, 1988; Cafazzo et al., 2010) and the body size of an individual has been 

positively associated with their dominance level during aggression, with larger 

individuals acting as the aggressor (Samuels & Gifford, 1997; Campbell, 2006; Rychlik 

& Zwolak, 2006; Cafazzo et al., 2010; May-Collado, 2010).  This has been demonstrated 

during interspecific interactions, between single-species groups where sexual dimorphism 

is present and between individuals of different size and age (Clutton-Brock & Parker, 

1995; Frantzis & Herzing, 2002; Herzing et al., 2003; Acevedo-Gutiérrez et al., 2005; 

Campbell, 2006; Cafazzo et al., 2010; May-Collado, 2010).  This has been documented in 

dolphin aggression where species dimorphism was apparent (Herzing & Johnson, 1997; 

Herzing et al., 2003; Psarakos et al., 2003; Elliser, 2010; May-Collado, 2010).  At 

GMWR in Costa Rica, larger bottlenose dolphins have been observed physically 

dominating the smaller Guyana dolphins, by chasing and even “sexually harassing” them 
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(May-Collado, 2010).  However, due to the inherent limitations of surface observations, it 

is unclear whether the smaller Guyana dolphins ever retaliated or managed to act 

aggressively towards the larger bottlenose dolphins.  In primates, larger chimpanzees 

have hunted and killed smaller monkeys (Boesch, 2002) and larger adult spider monkeys 

(Ateles geoffroyi) have been aggressive towards and dominated over smaller, sub-adult 

spider monkeys (Campbell, 2006).  In sexually dimorphic species, males that were 

significantly larger than females have been shown to dominate over the smaller females 

(McCann, 1981; Clutton-Brock & Parker, 1995; Cafazzo et al., 2010).   

It is clear from the current study that either a) for this population an individual’s 

body size does not a guarantee dominance during aggressive interactions since at the 

gross level bottlenose dolphins were not the overall aggressor more than spotted dolphins 

and were the overall victim just as often, or b) that body size did play a role in which 

species was the aggressor and that the spotted dolphins have developed successful means 

to minimize being dominated and exert their dominance over the bottlenose dolphins.  

The overall dynamic of other examples of interspecific dolphin aggression remains 

unclear (Frantzis & Herzing, 2002; Psarakos et al., 2003; Acevedo-Gutiérrez et al., 2005; 

May-Collado, 2010) and there may be cases where other species have developed similar 

strategies of co-existence, but these strategies have yet to be observed due to the 

limitations of the study area.  Therefore, the dynamic on Little Bahama Bank provides a 

uniquely observed example of aggressive interactions that were not determined just by 

the size of the individuals participating, but determined by contextual factors that 

changed with each encounter’s dynamic.  The dynamic of aggression may be more 

strongly determined by a combination of other factors including the size and the age of 
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the individuals participating or the synchronous behavior of spotted dolphin groups.  

Underwater observations and the dynamic analyses showed that it was possible for both 

species to successfully act as the aggressor and that the factors that determined the 

outcome of aggression were context-dependent, encounter specific, and did not last long-

term. 

 

The “Overall Victim” and “Overall Aggressor” of Interspecies Aggression – Age Class 

The age of the individuals involved was a better determinant of the progression 

and outcome of aggression than species alone.  At both the encounter level and the gross 

level, adults initiated aggression significantly more often than juveniles, regardless of 

species.  Adults were the overall victim of aggression significantly more often then 

juveniles and adults were the overall aggressor significantly more often than juveniles.  

Overall, adults were more likely to be involved in interspecies aggression than juveniles.  

This is consistent with other accounts of interspecies and intraspecies aggression where 

adult individuals initiated and participated in aggression more often than juveniles 

(Connor et al., 1992; Samuels & Gifford, 1997; Connor et al., 2001; Frantzis & Herzing, 

2002; Gros-Louis et al., 2003; Weaver, 2003;  Scott et al., 2005; Watts et al., 2006; Nery, 

2009; Talebi et al., 2009; Cafazzo et al., 2010; May-Collado, 2010). 

When the age and species of the individuals involved were considered, results 

varied for both species.  There was no difference between the number of encounters adult 

bottlenose and adult spotted dolphins initiated aggression and no difference between the 

number of encounters adult bottlenose and adult spotted dolphins were the overall 

aggressor.  This offered additional support that the spotted dolphins developed methods 
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to dominate bottlenose dolphins.  However, at the gross level, adult bottlenose dolphins 

were the overall victim of aggression significantly more often than adult spotted 

dolphins.   Adult spotted dolphins were just as likely to be victim of aggression as 

juvenile spotted dolphins.  These varied results show that age did impact aggression in 

terms of which individuals dominated and received aggression, but that there were 

additional factors that determined the outcome of aggression between these two species.    

It seems reasonable to hypothesize that adults would initiate and overall 

participate in aggression more than juveniles due to their larger size and more extensive 

experience (Connor et al., 1992; Samuels & Gifford, 1997; Connor et al., 2001; Frantzis 

& Herzing, 2002; Gros-Louis et al., 2003; Weaver, 2003;  Scott et al., 2005; Watts et al., 

2006; Nery, 2009; Talebi et al., 2009; Cafazzo et al., 2010; May-Collado, 2010).  It is 

interesting that adult bottlenose dolphins targeted adult and juvenile spotted dolphins 

equally but the reason for this is not clear.  It is possible that since both adult spotted 

dolphins and juvenile spotted dolphins are smaller than bottlenose dolphins, they may be 

equally likely targets of aggression since at the encounter level, it is apparent that the 

bottlenose dolphins’ larger size could be the method to dominate the spotted dolphins.  It 

is also likely that the context of aggression influenced which age class was the victim, 

since spotted dolphins were not always the victim of aggression and acted as the 

aggressor themselves.  Literature quantifying aggression in other social mammals 

suggests that adults and juveniles could be the victim of aggression under varying 

contexts (Gros-Louis et al., 2003; Silk et al., 2004; Kutsukake & Hasegawa, 2005; Watts 

et al., 2006; Talebi et al., 2009; Cafazzo et al., 2010), and on Little Bahama Bank, the 

context of interspecies aggression impacts whether adult or juvenile spotted dolphins are 
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victim.  For example, associations and coalitions were important in determining the 

outcome of aggression for spotted dolphins (current study next sections, Herzing & 

Johnson, 1997; Elliser, 2010).  Juvenile male spotted dolphins begin to form relationships 

with other young male spotted dolphins during their late juvenile/early young adult years.  

As a juvenile spotted dolphin, strong alliances have not been fully established and 

juvenile spotted dolphins may not have associates to aid in aggression (Elliser, 2010), 

which could increase their chance of being the overall victim.  Additionally, when adult 

spotted dolphins were victim it is possible that they had not developed strong alliances 

with other adult spotted dolphins or their alliances may not have been present during the 

aggressive encounter.  This could also result in no associates to intervene during 

interspecies aggression.   

Alliances and coalitions are crucial for the spotted dolphins during aggression 

(current study later sections, Herzing & Johnson, 1997; Elliser, 2010) and it may be more 

important for juvenile spotted dolphins to be present during these encounters (than 

juvenile bottlenose dolphins) as either a way to learn how spotted dolphin groups work 

together or to be exposed to the adult strategies.  Social learning (Galef Jr., 2006) and 

other forms of information transmission have been documented in cetaceans (Miles & 

Herzing, 2003; Herzing, 2005; Connor, 2007; Bender et al., 2008).  In descriptions of 

cooperative hunting in chimpanzees, younger and inexperienced individuals must learn 

the more complicated and crucial hunting roles and these younger individuals are usually 

only involved in the less sophisticated hunting roles until further experience is achieved.  

It can take a substantial amount of time, up to 20 years to be able to partake in the more 

sophisticated roles (Boesch, 2002).   Learning complex behaviors has been described 
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hyaenas (Crocuta crocuta) (Engh et al., 2005) and in other dolphin populations (Miles & 

Herzing, 2003; Bender et al., 2008; Melillo et al., 2009) therefore it seems likely that 

younger spotted dolphins would need to be exposed to and learn the complex behaviors 

of spotted dolphin alliances and coalitions during interspecies aggression.  Most spotted 

dolphins are involved in aggression throughout their lifespan: first as juveniles and then 

as adults.  Spotted dolphins had higher re-sighting rates during interspecific aggression 

than bottlenose dolphins, suggesting that the same spotted dolphins were repeatedly 

observed during interspecific aggression whereas the same bottlenose dolphins were not 

necessarily observed during every encounter (Elliser, 2010).  This would further support 

the need to be exposed to the interspecific aggression as a juvenile spotted dolphin to 

learn the dynamic of the aggression and the group involvement necessary as an adult 

spotted dolphin.   

Although juvenile spotted dolphins were present and involved during interspecies 

aggression just as often as adult spotted dolphins, juvenile bottlenose dolphins were not 

actively involved if even present during these encounters.  It is unclear why juvenile 

bottlenose dolphins were not present or actively involved in interspecific aggression.  

Specific bottlenose dolphins appear to be involved in interspecific aggression and group 

formation and alliances did not appear to be as important for the bottlenose dolphins 

during aggression (Elliser, 2010).  It may not be necessary for younger bottlenose 

dolphins to be present as there is no group behavior to learn.  Alternatively, it is possible 

that the lack of juvenile bottlenose dolphins during interspecies aggression may be 

indicative of the function of aggression for bottlenose dolphins.  It has been suggested 

that male bottlenose dolphins that lack access to female bottlenose dolphins for mating 
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may attempt to copulate with female spotted dolphins, thus resulting in aggression as 

spotted dolphins attempt to protect their females from interspecific copulation (Herzing 

& Johnson, 1997; Elliser, 2010).  Bottlenose dolphin alliances are known to be important 

for successful copulation with females in Shark Bay (Connor et al., 1992; Connor et al., 

2001; Connor et al., 2006) and strong alliances between bottlenose dolphins have been 

documented on Little Bahama Bank in other social contexts (Rogers et al., 2004; Elliser, 

2010).  Therefore, interspecific aggression may have involved specific bottlenose 

dolphins: the bottlenose dolphins without access to females or those that did not have 

strong alliances.  

 The results of this study demonstrated that age class did impact the course of 

aggression to an extent.  Adult and juvenile spotted dolphins were equally likely to be the 

target of aggression and this may be a unique feature of interspecies aggression on Little 

Bahama Bank.  Although previous research on interspecies dolphin aggression has shown 

that juveniles were present during aggression and could be the targets of aggression 

(Frantzis & Herzing, 2002; Herzing et al., 2003; Psarakos et al., 2003), it is unclear how 

often the juveniles were targets of aggression relative to adults.  At GMWR, similar to 

Little Bahama Bank, juvenile bottlenose dolphins were not present during interspecies 

aggression.  Contrary to the aggression on Little Bahama Bank where juvenile spotted 

dolphins were the target of aggression just as often as adult spotted dolphins, at GMWR 

the smaller juvenile Guyana dolphins were present but did not seem to be the target of 

aggression (May-Collado, 2010).  The overall underwater dynamic of the interspecies 

aggression observed at GMWR is unknown and it is not clear whether juvenile Guyana 

dolphins were the target of aggression below the surface.  In primate studies, juveniles 
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were often present during aggressive encounters but never the target of the aggressive 

interactions (Talebi et al., 2009). This study quantified how often each age class was 

victim over this long period of time and showed that juvenile bottlenose dolphins were 

not involved but juvenile spotted dolphins were the victim of aggression as often as adult 

spotted dolphins, which represents a newly documented feature of dolphin interspecific 

interactions. 

 

Initiating Interspecies Aggression – The Effect of Context 

 The context, or presence and synchronous state of male spotted dolphin groups, 

had a significant effect on which species initiated aggression.  The presence of spotted 

male groups alone had no effect on whether bottlenose dolphins initiated aggression 

against a spotted dolphin.  Bottlenose dolphins were just as likely to initiate aggression 

when one additional spotted dolphin was present or multiple individuals were present, 

showing that the group size of spotted dolphins at the onset of aggression did not impact 

whether bottlenose dolphins initiated aggression.  The results from this study showed the 

factor that most strongly impacted whether bottlenose dolphins initiated aggression was 

the synchronous state of the spotted male groups and not the presence of these groups 

alone.  This was an all or none effect: bottlenose dolphins never initiated aggression 

against a spotted dolphin when a spotted group was both present and synchronous.  The 

data suggests that when spotted dolphins were synchronous, it shifted the relative power 

of each species, which provided spotted dolphins with the means to dominate the 

bottlenose dolphins and successfully initiate aggression.   
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 The effect of context on whether spotted dolphins initiated aggression was 

twofold.  Results indicated that group size did have an effect on whether spotted dolphins 

initiated aggression: spotted dolphins initiated aggression more often when spotted 

dolphin coalitions were present.  This is consistent with previous research on this 

population, which has suggested it takes up to six spotted dolphins to successfully 

overcome a bottlenose dolphin (Herzing & Johnson, 1997).  These results show that, for 

spotted dolphins, group size was an important factor influencing if they initiated 

aggression.  The synchronous state of these groups was also crucial in determining if 

spotted dolphins initiated aggression.  Eighty-seven percent of all encounters initiated by 

spotted dolphins occurred when a spotted male group was present and synchronous.  

Bottlenose dolphins were influenced by the synchronous behavior of the spotted dolphins 

and it appears the spotted dolphins similarly weighed the relative power of each species 

before the onset of aggression.  This type of decision making: weighing one’s “power” or 

status relative to other individuals, has been documented in Japanese macaques 

(Kutsukake & Hasegawa, 2005) where subordinates only challenged a dominant 

individual when the power was asymmetrically in their favor (Chapais, 1992).   

 Bottlenose dolphins initiated aggression significantly more often when a spotted 

group was not present/not synchronous compared to the number of encounters initiated 

by spotted dolphins under the same context.  There was a significant difference between 

the number of encounters initiated by bottlenose dolphins when a spotted coalition was 

present compared to the number of encounters initiated by spotted dolphins under the 

same context.  This strongly supports the argument that the context impacted which 

species initiated aggression and influenced the relative power position of each species.  It 
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shows that the group size and synchronous behavior was the spotted dolphins method of 

dominance.  It appeared that both species were aware of their relative power at the onset 

of aggression. 

 Previous studies on dolphin aggression have documented group size ratios where 

the larger dolphin was outnumbered by the smaller sized dolphin species (Herzing & 

Johnson, 1997; Frantzis & Herzing, 2002; Herzing et al., 2003; Acevedo-Gutiérrez et al., 

2005; Coscarella & Crespo, 2010; May-Collado, 2010).  In these examples it appears the 

larger dolphin species were still able to successfully exert their dominance over the 

smaller sized dolphins by acting as the aggressor, despite being outnumbered.  This study 

documents and quantifies the effect of context, specifically synchronized behavior, on the 

initiation of interspecies dolphin aggression.  The unique, underwater observations from 

this study were crucial to clearly observe initiation and underwater synchrony by the 

spotted dolphins, as most synchronous behavior occurred well below the surface and did 

not necessarily result in synchronized surfacing behavior. Therefore, studies focusing on 

surface observations may not be able to determine if synchronized behaviors are 

occurring below the surface.  The spotted dolphins’ method of dominating an aggressive 

encounter using synchronous behavior, representing a change in contextual factors during 

aggression, could explain why at the gross level, neither species has been able to 

dominate the other long term. 

 

The Occurrence of Dynamic Shifts – The Effect of Species and Age Class 

 Dynamic shifts, behavioral events where the species roles reversed, occurred in 

38%  (n=12) of the interspecies aggressive encounters observed.  Twenty-seven dynamic 
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shifts were observed in these twelve encounters and multiple dynamic shifts occurred in a 

single encounter.  Similar events, defined in other studies as reversals, retaliation or 

intervention, have been described as relatively rare in other species (Silk et al., 2004; 

Engh et al., 2005) and have been generally described (Herzing & Johnson, 1997), when 

observed in dolphin social aggression.  This study was able to quantify the occurrence 

and direction of dynamic shifts for interspecific dolphin aggression.   

 Species alone was not the best predictor of dynamic shift occurrence and 

direction.  There was no significant difference between the number of dynamic shifts that 

occurred in favor of bottlenose dolphins and the number of dynamic shifts that occurred 

in favor of spotted dolphins.  These results are not surprising since previous analyses 

showed that the species was not the best indicator of dominance during aggression.  Age 

class had more of an effect than species alone.  Dynamic shifts were more likely to occur 

when adults were the original victim than when juveniles were the original victim, 

regardless of species.  However, when species and age class were considered together, 

the results varied.  There was no difference in the occurrence of dynamic shifts in favor 

of adult bottlenose dolphins and adult spotted dolphins.  Although dynamic shifts did 

occur more often when the victim before the shift was an adult spotted dolphin vs. a 

juvenile spotted dolphin, this difference was not significant.  Results from this analysis 

provide additional support that species is not the best predictor for the progression and 

outcome of aggression and that age class was not enough to distinguish differences 

between adult bottlenose and adult spotted dolphins.  It is apparent that other factors may 

be impacting the occurrence and direction of dynamic shifts for both species; factors 

which can change throughout an encounter. 
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The Occurrence of Dynamic Shifts – The Effect of Context 

 The context had an effect on the occurrence and direction of dynamic shifts 

similar to that described for the initiation of aggression.  For bottlenose and spotted 

dolphins, the effect differed and therefore created contextual factors that could drastically 

alter the course of aggression for either species. 

 For dynamic shifts in favor of bottlenose dolphins the group size of spotted 

dolphins had no effect.  Dynamic shifts occurred in the presence of one additional spotted 

dolphin just as often as those that occurred in the presence of larger spotted dolphin 

groups.   Analyses on when bottlenose dolphins reacted during aggression provided 

additional support.  Reactions by bottlenose dolphins, which could be viewed as attempts 

to become the aggressor, were not impacted by spotted dolphin group size. This suggests 

that the group size of spotted dolphins did not have a strong effect on whether bottlenose 

dolphins could shift the direction of aggression and become the aggressor.  The factor 

that had the strongest impact on the occurrence of dynamic shifts in favor of bottlenose 

dolphins was the synchronous state of spotted groups.  The effect was all or nothing: a 

dynamic shift in favor of bottlenose dolphins never occurred when a spotted dolphin 

group was present and synchronous.  Data on the occurrence of reactions showed a 

similar effect.  Seventy-one percent of all reactions by bottlenose dolphins occurred when 

there was no spotted group present or the group was present but not synchronous.  These 

data suggest that the bottlenose dolphins’ larger size was sufficient to dominate over a 

single spotted dolphin or even multiple spotted dolphins if the spotted dolphins were not 

acting as a unit.  However, a bottlenose dolphin’s larger size appears insufficient in 

dominating over spotted dolphins when they were working as a single, “super unit.”  
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Spotted dolphins when acting as a single, synchronous “super unit”, shifted the relative 

power to their favor during an aggressive encounter, and synchrony was the predominant 

method spotted dolphins used to successfully dominate over the larger bottlenose 

dolphin.  The reaction data of this study provided additional evidence that bottlenose 

dolphins were aware of this relative power shift, as bottlenose dolphins typically did not 

retaliate (attempt to be the aggressor) when spotted groups were synchronous. 

 The effect of context for dynamic shifts in favor of spotted dolphins varied more 

compared to bottlenose dolphins.  The presence of spotted groups did not have an effect 

on the occurrence of dynamic shifts in favor of spotted dolphins or the occurrence of 

spotted dolphin reactions.  Spotted dolphins were just as likely to react against the 

bottlenose dolphin aggressor when no group was present or a larger group was present.  

However, dynamic shifts in favor of spotted dolphins were more likely to occur when a 

spotted group was present and synchronous compared to when no spotted group was 

present at all.  Also, dynamic shifts in favor of spotted dolphins that occurred when a 

synchronous spotted group was present occurred more than twice as often compared to 

the number of dynamic shifts that occurred when a spotted group was present and not 

synchronous.  Despite this strong trend, it was not significant.     

Finally, the effect of context for spotted and bottlenose dolphins was significantly 

different.  Dynamic shifts in favor of bottlenose dolphins that occurred when a spotted 

group was not present/present and not synchronous occurred significantly more often 

then the number of dynamic shifts in favor of spotted dolphins under the same context.  

The same was observed for dynamic shifts in favor of spotted dolphins, which occurred 

significantly more often when spotted groups were synchronous compared to the number 
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of dynamic shifts in favor of bottlenose dolphin under the same context.  This suggests 

that the context had an effect on the occurrence and direction of dynamic shifts and 

supports the notion that synchrony was the spotted dolphins method of dominance. 

The effect of group size and synchrony has been well studied in dolphin species, 

including the effect of synchronous swimming between alliance members and mother 

calf pairs (Herzing & Johnson, 1997; Mann & Smuts, 1999; Fellner, 2000; Miles & 

Herzing, 2003; Rogers et al., 2004; Connor et al., 2006; Elliser, 2010).  Strongly 

associated individual were more likely to be engaged in synchronous swimming or 

surfacing behavior in other dolphin populations (Mann & Smuts, 1999; Connor et al., 

2006; Connor, 2007; Miles et al., 2011) and the group composition (specific individuals 

and their age) could impact synchronized or coordinated behaviors in dolphins and other 

animal groups (Boesch, 2002; King & Cowlishaw, 2009; Miles et al., 2011; Zabel et al., 

1992).  Male spotted dolphins form strong, stable alliances with up to two additional male 

individuals, many of which can last many years and even lifetime (Elliser, 2010).  These 

alliances may form secondary alliances where two alliances come together and are 

strongly associated with one another (Elliser, 2010) and can form temporary coalitions 

during interspecies aggression. Strong alliances have been documented for bottlenose 

dolphins as well (Rogers et al., 2004; Connor et al., 2006) but do not appear to be 

important during interspecies aggression.  For the current study, results indicated that the 

group size, or the presence of alliances (two to three individuals) and coalitions (four or 

more individuals) was crucial for spotted dolphins to initiate aggression and important in 

dynamic shifts.  However, during interspecies aggression it is unclear if these groups 

were forming simply because there were many individuals present or if the individuals 
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forming these groups were strongly associated (had strong coefficients of association).  

Coefficients of association have been determined for this population and strongly 

associated individuals for all years have been determined (Elliser, 2010).  It is unclear 

under what conditions spotted dolphins synchronize and if associations between 

individuals impact the ability to synchronize. 

 The effect of larger groups and synchronous behavior has been examined in many 

animals including primates, lions, and hyaenas (Zabel et al., 1992; Kutsukake & 

Hawegawa, 2005; Watts et al., 2006; Mosser & Packer, 2009; Talebi et al., 2009).  Group 

size in primates has been shown to be crucial in determining the outcome of aggression.  

Larger groups often attacked a single individual and inflicted serious harm that resulted 

in the death of the victim (receiving individual) (Kutsukake & Hawegawa, 2005; Watts et 

al., 2006; Talebi et al., 2009). This was the case in lions (Mosser & Packer, 2009) and 

hyaenas (Engh et al., 2005; Zabel et al., 1992) where larger groups had a better advantage 

during aggression and competition.  Coordinated behaviors, or accounts of individuals 

working together or in unison, have been described in primates during hunting and 

aggression (Boesch, 2002; Gros-Louis et al., 2003; Silk et al., 2004; Kutsukake & 

Hasegawa, 2005; Watts et al., 2006; Talebi, 2009).  However, these accounts of 

coordination involved individuals working together but potentially performing different 

behaviors than their group members.  This is different than the type of synchrony 

observed by the spotted dolphins on Little Bahama Bank where individuals performed the 

same behavior at the same time in the same direction.  The accounts of coordinated 

behavior in primates better reflect the coordinated behavior observed in bottlenose 

dolphins during interspecies aggression.  Bottlenose dolphins did not typically 
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synchronize like the spotted dolphins during interspecies aggression, although they may 

synchronize their behaviors in other contexts.  During interspecies aggression, bottlenose 

dolphins did not perform the same behavior at the same time in the same direction.  

Synchrony has been observed in the bottlenose dolphins, however typically during 

interspecies aggression bottlenose dolphins appeared to work together by either taking 

turns performing the same behavior or coordinating different behaviors. 

The overall advantage of synchrony for spotted dolphins during aggression was 

clear: synchronization was a way to better defend against attacks from bottlenose 

dolphins and spotted dolphin synchronization was the method for spotted dolphins to be a 

stronger attacker.  Spotted dolphin synchronization led to the group defense of the 

individual spotted dolphins involved in aggression, not resources (e.g. mates or food 

which have been described in other cases, Olendorf et al., 2004; Connor; 2006).  This 

group defense of individuals has been observed in bison where groups have been 

observed to cooperate and defend calves against wolf attacks (Carbyn & Trottier, 1988) 

and in chimpanzees (Wilson et al., 2001). Furthermore, spotted dolphin synchronization 

enabled the spotted dolphins to successfully attack and dominate over bottlenose 

dolphins.  Coordinated attacks have been documented in killer whales (Orcinus orca) 

(Hoelzel, 1991; Baird, 2000), in wolves (Carbyn & Trottier, 1988; Peterson et al., 2002; 

Mech & Boitani, 2003; Palagi & Cordoni, 2009), and in lions (Mosser & Packer, 2009).  

Most of these examples are coordinated attacks against a prey item.  The results of this 

study showed that synchronized behaviors can also benefit the attacker during social 

aggression.  Some synchronous behavior has been described in the form of synchronized 

swimming and surfacing behavior during interspecies dolphin aggression in other 
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locations (Frantzis & Herzing, 2002), but it is unclear if the smaller dolphins were 

performing aggressive behaviors in a synchronous fashion during aggressive interactions 

and what effect, if any, this had on the outcome of aggression.   

One important aspect of synchrony and behavior are acoustic signals and are an 

important part of dolphin communication (Herzing, 1996; Connor & Smolker, 1996; 

May-Collado, 2010).  Synchronized squawks have been reported during behaviorally 

synchronized groups of spotted dolphins (Herzing, 1996).  Acoustic signals certainly 

convey information during aggression that could impact the progression and outcome of 

these encounters (Herzing & Johnson, 1997; Herzing, 1996; May-Collado, 2010) 

although determining the impact of acoustic signals was beyond the scope of the current 

study and is currently being investigated. 

 

The Function of Interspecific Aggression on Little Bahama Bank 

Previous research on the formation and function of mixed-species dolphin groups 

suggest four major causes: foraging, anti-predator, reproductive, and social (Frantzis & 

Herzing, 2002; Herzing et al., 2003; Psarakos et al., 2003; Stensland et al., 2003; 

Acevedo-Gutiérrez et al., 2005; Quérouil et al., 2008; May-Collado, 2010).  The results 

of this study along with previous work (Herzing & Johnson, 1997; Elliser, 2010) suggest 

these interactions are social in nature, however the major cause of the aggression is still 

uncertain. Determining the major cause of the aggression is beyond the scope of this 

paper, however data from this study in conjunction with previous research on this 

population provides some insight. 
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Competition for space could be a potential cause of the interspecific aggression, 

however results from the current study and previous work suggest that it may not be 

major cause of aggression.  Bottlenose dolphins have been documented to forage along 

the western edge of Little Bahama Bank, while spotted dolphins have been shown to 

forage almost exclusively to the north, with minimal overlap (Malinowksi, 2011).  The 

map documenting the locations of interspecific encounters in this study showed no 

obvious clumping of the interspecific aggressive encounters, and aggressive and 

nonaggressive interspecific encounters appeared evenly dispersed along the 

northern/northwest area of Little Bahama Bank.  This suggests that aggression did not 

occur in one particular area and that both nonaggressive and aggressive interactions 

occurred in similar areas.  Aggression related to territory and/or space has been 

documented in primates, specifically chimpanzees (Watts et al., 2006) and in gray 

wolves, (Mech, 1994).  In chimpanzee aggression, the location of aggression has been 

documented near established boundaries of two neighboring chimpanzee groups.  

Behavioral interactions include those where one group patrols the boundary and enters 

the territory, passing over the boundary separating two territories (Watts et al., 2006).  

This has been documented in other primate populations (Gros-Louis et al., 2003) and in 

lions (Mosser & Packer, 2009).  In gray wolves, many individuals were killed at or near 

known territory lines (Mech, 1994).  It is necessary to determine if territories and 

boundary lines exist and are stable in an aquatic environment and if there is any 

localization of aggression on Little Bahama Bank and its relation to overall habitat use.  

Analyses on aggression and foraging suggest that competition for food resources 

was not the primary cause of interspecific aggression.  Aggressive foraging encounters 
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made up only 17% of the aggressive encounters with “aggression only” encounters 

making up 35% of all interspecies aggressive encounters.  Nonaggressive interspecific 

foraging encounters occurred almost twice as often as aggressive interspecific foraging 

encounters.  Historically, encounters with aggression and foraging have been documented 

to only make up a small percentage of the aggressive interspecific encounters (Herzing & 

Johnson, 1997).  Both species of dolphin, although overlapping to some extent on their 

prey, have been shown to forage significantly different from one another on their major 

prey items and forage in different habitats (bottlenose dolphins: sand and sand/grass; 

spotted dolphins: sand, Malinowksi, 2011).   

 Interspecific aggression between the bottlenose and spotted dolphins likely serves 

a social function unrelated to foraging or space competition.  Interspecific aggression 

could be a result of mate competition or to prevent interspecific copulation.  Observations 

from this study found that interspecific aggressive encounters are typically between male 

bottlenose dolphins and male spotted dolphins (Herzing & Johnson, 1997; Elliser, 2010).  

The presence of female bottlenose and spotted dolphins has been documented but these 

females have been described as generally inactive during some of the interspecific 

aggressive encounters (Herzing & Johnson, 1997; Elliser, 2010) and may not be visible in 

the video of aggression.  In addition to female presence, male bottlenose dolphins were 

often sexually aroused during aggression, displayed erections, and side mounting male 

spotted dolphins.  Therefore, if males of one species attempted to copulate with females 

of the other species, interspecies aggression may have resulted as a form of protection for 

the females and defense against this interspecies copulation.  Reproductive isolation is 

not maintained by physical distance between the species, as both are resident to Little 
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Bahama Bank.  Preventing interspecific copulation mechanically may not be the most 

successful alternative as potential hybrids have been described in the current population 

and other areas of the Bahamas (Herzing & Johnson, 1997; Herzing et al., 2003).  

Bottlenose and spotted dolphins can interbreed and hybrids have been observed on Grand 

Bahama Bank in the Bahamas (Herzing et al., 2003).  Therefore, the best method to 

prevent interspecific copulation may be behaviorally through aggression. 

Previous research on aggression between males of a single species has suggested 

competition for mates as the cause, including competition to hoard females and copulate 

with females in dolphins (Connor et al., 1992; Connor & Smolker, 1996; Connor, 2000; 

Connor et al, 2001; Scott et al., 2005), in primates  (Clutton-Brock & Parker, 1995; 

Fawcett & Muhumuza, 2000; Campbell, 2006; Watts et al., 2006; Talebi et al., 2009; 

Stumpf & Boesch, 2010), and in wild dogs (Lycaon pictus) (Cafazzo et al., 2010).  The 

group context is similar to the aggression displayed between chimpanzees, where male 

groups may attack a male of a different chimpanzee group while females and offspring 

are often present (Watts et al., 2006).  During these attacks the females and juveniles 

were not the target of aggression nor involved in the aggression (Watts et al., 2006).  This 

has been documented in other primate species as well (Talebi et al., 2009).  Interspecific 

copulation and hybrids have been documented in other areas of the world including 

Hawaii (between Pantropical spotted dolphins and Hawaiian spinner dolphins; Psarakos 

et al, 2004), in the Bahamas (between bottlenose and spotted dolphins, Herzing et al., 

2003), in Costa Rica (between tucuxis and bottlenose dolphins, Acevedo-Gutiérrez et al., 

2005) and between bottlenose and Guyana dolphins (May-Collado, 201).  On Little 

Bahama Bank it has been suggested that specific male bottlenose dolphins without access 
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to females of their own species may attempt to copulate with spotted dolphin females 

(Elliser, 2010), thus resulting in the observed interspecies aggression.  However, little is 

known about the bottlenose dolphins’ social behavior and further analyses are necessary 

to determine how the bottlenose dolphins involved in interspecies aggression interact 

with other bottlenose dolphins in their population. 

 Finally, interspecific aggression may simply be a reality of sympatric living 

(May-Collado, 2010), as both species are resident to Little Bahama Bank.  Results from 

the current study provide further support that these species do overlap when traveling 

(Herzing & Johnson, 1997; Herzing et al., 2003), and foraging (Herzing et al., 2003; 

Malinowksi, 2011), and have been documented playing together (Herzing et al., 2003).  

Nonaggressive interactions, which occurred slightly more often and aggressive 

interactions were well documented, including examples of temporary alliances between 

species to defend against predators (current study; Herzing & Johnson, 1997; Herzing et 

al., 2003; Elliser, 2010).  Both species had means to dominate the aggressive encounters, 

which could cause a “balance of power” where neither species was able to successfully 

displace the other species.  Bottlenose dolphins are larger in size, which allowed them to 

physically dominate the spotted dolphins (as shown in current study; Herzing & Johnson, 

1997).  Results showed  that spotted dolphins utilized their strong, intraspecies alliances 

and coalitions (Herzing & Johnson, 1997; Elliser, 2010) and synchronized behavior to 

overcome the bottlenose dolphins’ larger size.  This balance of power could create an 

environment where interspecies encounters would continue to occur and both aggressive 

and nonaggressive interactions a likely result.  Historically, non-aggressive interspecific 

interactions made up the majority of all interspecific encounters (Herzing & Johnson, 



  65 

1997) and the current study showed that this was still the case since 54% of interspecific 

encounters were non-aggressive.  In Gandoca-Manzanillo Wildlife Refuge (GMWR) off 

the southwest coast of Costa Rica, the bottlenose and smaller Guyana dolphin are resident 

species with high spatial overlap (May-Collado, 2010).  Interspecies interactions occur 

daily between the two species, and show striking similarities to the interspecific 

interactions on Little Bahama Bank in terms of the dolphins’ site fidelity, group size and 

composition, species dimorphism, and behavioral interactions (May-Collado, 2010).  The 

larger, usually out numbered, bottlenose dolphins have been seen in antagonistic 

interspecific encounters as the aggressor against the smaller Guyana dolphin (May-

Collado, 2010).  In this Costa Rican population, site fidelity is relatively high for both 

species in a small area (9.83 km
2
) and this could cause the complex interspecific 

interactions that occur on a daily basis.  This is very similar to the interspecific aggressive 

interactions observed on Little Bahama Bank.  Little Bahama Bank is much larger than 

GMWR (280 km
2
) and this could explain why the interspecific interactions between the 

bottlenose and spotted dolphins occurred less often, but were just as complex as those 

observed at GMWR.  Both the Costa Rican population and the current study offer strong 

evidence that these complex aggressive interactions may be the result of two species that 

have remained resident to the same area and that have evolved different methods to co-

exist.  The results of the current study reveal the long term dynamic of these interactions 

and after at least 12 years of interspecific interactions: 1) neither species was more 

dominant, 2) neither species has been displaced from Little Bahama Bank and 3) the rate 

of aggression has not declined.  
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Conclusions – The Dynamic of Interspecies Aggression 

 This study is the first to quantify the dynamic of interspecies aggression for this 

population and one of the first to quantify the underwater interspecific aggression for a 

wild dolphin population.  This study showed that the context of interspecific aggression 

was the strongest factor in determining the onset, progression, and outcome of aggression 

between the bottlenose and spotted dolphins.  This study showed that there are two levels 

of dominance: dominance at the encounter level and at the gross level.  It is apparent that 

at the encounter level one species was the aggressor and victim more often than other, 

showing that one species was able to dominate over the other within a specific encounter.  

At the encounter level, the bottlenose dolphins likely exerted their dominance with their 

larger body size and the use of unidirectional side mounting behavior against the spotted 

dolphins.  The spotted dolphins exerted their dominance through their group behavior and 

synchrony.  Synchrony during aggression appeared to be predominantly unidirectional 

and something that the spotted dolphins displayed against the bottlenose dolphins.  At the 

gross level, interspecific aggression was bidirectional and neither species was the victim 

or aggressor more often then the other over the twelve-year period.  This suggests that 

over the long term, both species managed to develop and maintain methods for exerting 

dominance.  The current results showed that synchrony was used by the spotted dolphins 

not only to react against the bottlenose dolphin aggressor, but that synchrony was also 

used to act: to initiate and maintain their position as aggressor during the interspecific 

aggressive encounters. It was apparent that the bottlenose dolphins recognized and were 

impacted by the relative power differences that existed between the two species when 

spotted dolphins were synchronous.  The spotted dolphins appeared to recognize these 



  67 

power differences as well.  Spotted dolphins used synchrony not only to prevent the 

bottlenose dolphins from continuing to exert dominance during aggression, but also as 

method for the spotted dolphins to exert dominance over the bottlenose dolphins.  The 

results of this study also show that the current definitions of dominance and the methods 

to evaluate dominance may need to be reconsidered, by considering not only dominance 

between individuals but between groups as well. 

This was the first study to approach the study of dolphin aggression from a 

dynamical perspective.  This study shows how the application of this new methodology 

can address new and complex questions and provide a more complex understanding of 

animal behavior. This dynamic framework based on the psychological theories of 

distributed cognition (Hutchins, 1995; 2000; Johnson, 2001) and dynamical minimalism 

(Nowak, 2004).  When applied to nonhuman animal behavior, interactions were viewed 

as multidirectional and dependent on all individuals present including their environment 

and the context of the behaviors.  The unit of analysis was the group of individuals and 

the interactions between these groups, not a single interaction between a single 

individual. These interactions were measured in terms of observable outcomes (e.g. 

dynamic shift, overall victim, etc), which eliminated the need to make assumptions about 

the function of behavior.  The dynamic observed between spotted and bottlenose dolphins 

could not have been fully understood without taking into account these dynamical 

factors.  Applying this dynamic approach required knowledge of the individuals 

participating (e.g. long-term data on: individual identification, sex, age classes, and 

genetic and social relationships), which provided the context for the interactions and the 

influence of the individuals involved (Herzing & Johnson, 2006). A clear understanding 
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of the types of behaviors used by the individuals was crucial to recognize subtle changes 

in their occurrence and the context of their use. The video recordings of the interactions 

and the ability to playback aggression made it possible to watch aggression at slower or 

faster speeds and fully observe the complexity of the behavior, including the sequence of 

behaviors and behaviors that were occurring simultaneously. This dynamic approach to 

behavioral analysis provided a complex understanding of the behavior (Nakamura, 2009) 

and accounted for the influence of the participants and the context.  Future research on 

complex group interactions should consider this approach as a method of teasing apart 

the effect of complex, interconnected factors that could dramatically alter the outcome of 

behavior.  

 Future research on the study population should focus on how specific individual 

spotted dolphins and the level of association between these individuals impacts the 

formation of spotted groups during interspecies aggression and the ability of those groups 

to synchronize.  First, it is important to determine which individual adult spotted dolphins 

were the target of aggression and if these adult spotted dolphins had strong associations 

with other spotted dolphins.  This may help to understand if certain spotted dolphins were 

being targeted and why they were the target of bottlenose dolphins.  Furthermore, the 

presence and role of females should be quantified to determine the potential function of 

interspecies aggression.  Secondly, it is important to determine how group size and the 

ability to synchronize are related.  This may provide insight into the combination of 

group size and synchrony necessary to impact the occurrence of dynamic shifts for 

spotted dolphins.  It is important to determine if the groups that form during aggression 

are composed of strongly associated individuals or are random individuals forming a 
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temporary group that would otherwise not typically be associated with one another.  This 

should also be explored in terms of the formation of synchronous groups.  It is necessary 

to tease apart how alliances impacted the ability to synchronize during aggression on 

Little Bahama Bank.  It would be important to determine if any group of individuals can 

successfully synchronize or if synchronized spotted male groups can form only for 

groups composed of strongly associated individuals.  Also, it is important to determine 

how the presence of associated individuals impacts the occurrence of dynamic shifts for 

spotted dolphins.  Whether spotted dolphins synchronize and shift aggression when any 

spotted dolphin is victim or only when their alliances members are the victim should be 

addressed.  Lastly, it is necessary to understand how the ability to synchronize develops 

in younger juveniles.  An understanding of how juvenile spotted dolphins learn to 

synchronize with other spotted dolphins would be crucial in understanding how this 

crucial skill develops and when spotted juveniles may become more active participants in 

interspecific aggression.  

There does not appear to be a standard definition of synchrony in the study of 

animal behavior and there may be differences in how the word is used to describe group 

behavior (use during social behavior, traveling, etc).   There are clearly different levels of 

synchrony, including synchronous behavior at the mechanistic level, the social level, or 

through behaviors and vocalizations.  During behavioral interactions, parts of these levels 

may be synchronous while others may not (for example: synchronous behavior but no 

vocal synchronization).  Individuals may be coordinated or acting in cooperation, but not 

synchronous.  Therefore, it is important to determine at what levels synchrony can be 

displayed and how individuals manage and integrate synchrony at these levels. 
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 The results of this study show that the aggressive interactions between these two 

species are dependent on the individuals participating and the context.  The dynamic of 

aggression was most strongly impacted by the combination of these contextual factors.  

Results revealed that both species have developed ways to dominate the other during 

aggression: bottlenose dolphins through their larger size and spotted dolphins through 

group synchrony.  The combination of contextual factors at the “encounter level” have 

lead to the balance of power observed at the “gross level”, where neither species was able 

to dominate and/or displace the other long term.  This study revealed the levels of 

complexity of these interspecific aggressive interactions and how these two species have 

managed to continue co-exist on Little Bahama Bank.   
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APPENDIXES 

Table 1. Dynamic Based Ethogram - Behavioral Events 

 

Behavior      Description 

1. Actions: Visual Actions that are visually displayed, no 

contact is made between individuals 

 

a) Open mouth   Dolphin or group opens mouth  

towards another dolphin or group of 

dolphins 

 

b) jaw snap    Dolphin open and shut jaw rapidly, direct  

to dolphin 

 

c) body jerks    Dolphin moves head or body in erratic or  

rapid motion 

 

d) displays    Dolphin arches/contorts body in the  

water column, stationary 

 

2. Actions: Contact Actions/behaviors that result in physical 

contact or touching between individuals 

 

a) Tail contact   One dolphin or group swipes or makes  

contact with another dolphin or group using 

tail 

 

b) Body, rostrum, pec contact One dolphin makes contact with another  

dolphin or group, usually in aggressive 

context with body, rostrum or pectoral fin 

 

c) bite     One dolphin bites or rakes another  

dolphin on body or tail 

 

d) Head to head   Dolphin or group takes head to head  

position with another individual or group
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3. Actions: Pursuit     Actions that involve individuals following  

or moving after other individuals   

a) Chase    One or group of dolphin chases another  

individual or group in fast, medium, or slow 

chase 

 

b) Charge     Two or more dolphins charge each other  

in head to head format, sometimes making 

contact 

 

c) Follow An individual or group swims alongside or 

behind another individual or group in the 

same direction or path  

 

4. Sexual Displays Behaviors that are related or used during 

sexual behavior 

  

a) Erection    Penis is visible outside genital slit. No  

contact with other dolphins and no other 

behaviors occurring 

 

b) Side mount    One or more dolphins side mounts or  

rubs genitals against another individual(s)  

 

5. Changes in group size 

  

a) Group Individuals moving in same direction and 

usually involved in same activity 

 

 b) Group composition change  Change in the age class of group members 

 

c) Change in group size Change in the number of individuals in the 

group  

6. Dynamic Shift Event in which the species/age class that 

was originally the victim becomes the 

aggressor and the species/age class that was 

originally the aggressor is now the victim 

              a) Reaction When the victim of aggression performs an 

aggressive behaviors towards the aggressor 

– two reactions lead to a dynamic shift 
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Dynamic-Based Behavioral Ethogram – Modifiers 

 

Modifiers 

1) Bottlenose group size   Number of bottlenose dolphins (active) 

 a) 0 

 b) 1 

 c) 2 

 d) 3 or more 

 

2) Atlantic spotted group size Number of Atlantic spotted dolphins (active) 

 a) 0 

 b) 1 

 c) 2 

 d) 3 

 e) 4 or more 

 

3) Change in group size How group size changes 

 a) Increase The number of individuals increase 

 b) Decrease The number of individuals decrease 

 c) Group split The group splits into two or more smaller 

groups 

 

4) Atlantic Spotted age class Age class of the Atlantic spotted dolphins 

defined by Herzing (1997) 

 a) Two toned 

 b) Speckled 

 c) Mottled  

 d) Fused 

 

5) Bottlenose age class Age class of bottlenose  

 a) Juvenile 

 b) Adult 

 

6) Direction of aggression Direction of the aggressive event – 

aggressor performs actions onto victim 

 a) Atlantic spotted to bottlenose Atlantic spotted (aggressor) onto bottlenose 

(victim) 

  (AS-BN) 

 b) Bottlenose to Atlantic spotted  Bottlenose (aggressor) onto Atlantic spotted 

(victim) 

  (BN-AS) 

 

7) Direction of dynamic shift Change in direction of aggressive 

encounters  

 a) Atlantic spotted to bottlenose original victim (Atlantic spotted dolphin) are 

now aggressive towards bottlenose (new 
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victim) – dynamic shift in favor of spotted 

dolphins 

  (AS onto BN) 

 b) Bottlenose to Atlantic spotted original victim (bottlenose dolphin) are now 

aggressive towards Atlantic spotted dolphin 

(new victim) – dynamic shift in favor of 

bottlenose dolphins 

  (BN onto AS) 

 

8) Spotted male group Identifying the presence of additional 

Atlantic spotted dolphins, not including the 

aggressor/victim  

   a) Not present No additional spotted dolphins present 

            b) Association Only  One to three additional spotted dolphins 

present 

            c) Coalition includes association Four or more additional spotted dolphins 

present 

 

9) Synchronous state of spotted Identify if spotted group is synchronous  

     male group  or not synchronous  

a) Synchronous All individuals are performing the same 

behavior in the same direction towards the 

same individual at the same time 

b) Not Synchronous Individuals are performing different 

behaviors in different directions towards the 

same or different individuals 

 

10)  Group Composition Age classes that make up the interspecific 

group 

 a) Twotoned-adult Twotoned (Atlantic spotted) with adult 

(bottlenose) 

 b) Speckled-adult Speckled (Atlantic spotted) with adult 

(bottlenose) 

 c) Mottled-adult Mottled (Atlantic spotted) with adult 

(bottlenose) 

 d) Fused-adult Fused (Atlantic spotted) with adult 

(bottlenose) 

 e) Mixjuv-adult Twotoned and speckled (Atlantic spotted) 

with adult (bottlenose) 

 f) Mixadu-adult Mottled and fused (Atlantic spotted) with 

adult (bottlenose) 

 g) Mixjuvadu-adult Some combination of twotoned, speckled, 

mottled and fused (Atlantic spotted) with 

adult (bottlenose) 
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 h) Twotoned-juvenile Twotoned (Atlantic spotted) with juvenile 

(bottlenose) 

 i) Speckled-juvenile Speckled (Atlantic spotted) with juvenile 

(bottlenose) 

 j) Mottled-juvenile Mottled (Atlantic spotted) with juvenile 

(bottlenose) 

 k) Fused-juvenile Fused (Atlantic spotted) with juvenile 

(bottlenose) 

 l) Mixjuv-juvenile Twotoned and speckled (Atlantic spotted) 

with juvenile (bottlenose) 

 m) Mixadu-juvenile Mottled and fused (Atlantic spotted) with 

juvenile (bottlenose) 

 n) Mixjuvadu-juvenile Some combination of twotoned, speckled, 

mottled and fused (Atlantic spotted) with 

juvenile (bottlenose) 

 o) Mix-mix Mixed combination of all age classes in both 

Atlantic spotted and bottlenose 

 

11) Subject modification Modification for subjects: actor or receiver 

based on species 

 a) Atlantic spotted 

 b) Bottlenose 

 

12) Behavior modification Specific behavior for each behavioral 

category *see ethogram for each category 

and behaviors that fall within it 

 

13) Intensity of behavior The strength of a behavior 

 a) 1 or Low Induces little to no response or slow 

movement away from individual(s) 

 b) 2 or medium Induces avoidance behavior or movement 

away from individual (s) with little to no 

behavioral response 

 c) 3 or high Multiple, repeated behaviors that may 

induce flight behavior or fight/response 

behaviors 
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Table 2. Inter-rater reliability using Pearson’s r correlation.  Category and variables were tested 

between primary observer and second observer.  Correlation and r
2
  values greater than 0.70 

interpreted as strong relationship and strong reliability.  Six (20%) interspecific encounters were 

tested for inter-rater reliability. 
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Table 3. "Full encounter" subset behavioral analysis. Results from G-tests (G) and chi-squared 

tests (!) compared the occurrence of each behavioral category and specific behavioral events.  

Italics indicates the more conservative p-value.  Bold indicates a significant difference (p<0.05). 
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Table 4. "Full encounter" subset – Total number of times each behavioral category and specific 

behaviors were observed.  Unknown behaviors were known to fall in a given category but the 

specific behavior could not be identified. “Full encounter” subset consists of 10 interspecific 

aggressive encounters or 125.5 minutes of aggression.  Bold represents the behavioral category. 
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Table 5. Behavioral subsets relative proportions. Relative proportion of occurrence of each 

behavioral category and behavior for each encounter subset.  For each subset: “full encounter”, 

“known beginning/unknown outcome”, “unknown beginning/known outcome”, and “total 

encounter”, the number of times each behavioral category and behavior was observed was 

divided by the total number of minutes analyzed in each subset.  Unknown behaviors were known 

to fall in a given category but the specific behavior could not be identified. Italics represents the 

behavioral category.  Bold values indicate the highest proportion for each subset. 
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Table 6. "Overall victim" statistical analyses – Results from G-tests (G) and chi-squared tests (!) 

compared which species and age class were the overall victim of aggression, at the gross level.  

Italics indicates the more conservative p-value.  Bold indicates a significant difference (p<0.05). 
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Table 7. "Overall victim" species/age class.  Number of encounters each species and age class 

was the “overall victim” of an interspecific aggressive encounter.  Out of the 28 encounters used 

to determine the species “overall victim”, 24 encounters were used for species and age class 

“overall victim” analysis. 
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Table 8. "Overall aggressor" statistical analyses - Results from G-tests (G) and chi-squared tests 

(!) compared which species and age class were the overall aggressor of aggression, at the gross 

level.  Italics indicates the more conservative p-value.  Bold indicates a significant difference 

(p<0.05). 
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Table 9. "Overall aggressor" species/age class. Number of encounters each species and age class 

was the “overall aggressor” during interspecific aggression.  To determine the species “overall 

aggressor”, 28 encounters were analyzed.  To determine the species and age class “overall 

aggressor”, 23 encounters were analyzed. 
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Table 10. Initiation species/age class.  Number of encounters each species and age class initiated 

interspecific aggression. Twenty-four encounters were analyzed. 
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Table 11. Initiation statistical analyses  - Results from G-tests (G) and chi-squared tests (!).  

Comparisons were made between species and age class.  Additionally, comparisons were made 

within species to determine the effect of male spotted group presence and synchronous state on 

the occurrence of initiation.  For spotted dolphins analyses were done on adults only (Adults), 

juveniles only (Juvenile), and when age classes were combined (All). For bottlenose dolphins, 

only adults were analyzed.  Between species analyses compared adult bottlenose dolphins to 

spotted dolphins (All). Italics indicates the more conservative p-value.  Bold indicates a 

significant difference (p<0.05). 
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Table 12. Dynamic shift statistical analyses - Results from G-tests (G) and chi-squared tests (!).  

Comparisons were made between species and age class.  Additionally, comparisons were made 

within and between species to determine the effect of male spotted group presence and 

synchronous state on the occurrence and direction of dynamic shifts.   For both bottlenose and 

spotted dolphins, dynamic shifts analyses combined age classes (All).  “AS onto BN” indicates 

dynamic shifts in favor of spotted dolphins.  “BN onto AS” indicates dynamic shifts in favor of 

bottlenose dolphins.  Italics indicates the more conservative p-value.  Bold indicates a significant 

difference (p<0.05). 
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Table 13. Dynamic shift species/age class. The number of dynamic shifts that occurred in favor of 

each species and age class during interspecific aggression.  To determine the number of dynamic 

shifts in favor of each species, all 27 behavioral events were analyzed.  To determine the number 

of dynamic shifts in favor of each species and age class, 24 behavioral events were analyzed.  

“BN onto AS” indicates a dynamic shift in favor of bottlenose dolphins.  “AS onto BN” indicates 

a dynamic shift in favor of spotted dolphins. 
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Table 14. Dynamic shifts and context. The effect of context - the presence and synchronous state 

of spotted groups on the occurrence and direction of dynamic shifts for bottlenose dolphins and 

spotted dolphins (All).  “AS onto BS” indicates a dynamic shift in favor of spotted dolphins.  

“BN onto AS” indicates a dynamic shift in favor of bottlenose dolphins. 
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Table 15. "Reaction" species/age class statistical analyses – Results from G-tests (G) and chi-

squared tests (!) compared the number of reactions and the outcome of the reactions for each 

species and age class.  Outcome of a reaction was defined as either a dynamic shift or no dynamic 

shift.  Comparisons were made between species and age class.  Italics indicates the more 

conservative p-value.  Bold indicates a significant difference (p<0.05).  
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Table 16. Reactions species/age class and context. The number of “reactions” observed for each 

species and age class and the outcome of those reactions.  The outcome was defined as a dynamic 

shift occurred or no dynamic shift occurred.  The last four tables represent the effect of the 

presence and synchronous state of spotted groups on the occurrence and outcome of reactions for 

each species (All).  
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Table 17. "Reaction" and context statistical analyses – Results from G-tests (G) and chi-squared 

tests (!) compared the effect of the presence and synchronous state of spotted groups on the 

occurrence of reactions and the outcome of reactions during interspecies aggression.  

Comparisons were made within species (All) and between species (All).  Italics indicates the 

more conservative p-value.  Bold indicates a significant difference (p<0.05) 
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Figure 1. Map of study area, Little Bahama Bank off of Grand Bahama Island in the Bahamas  
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Figure 2 Dynamic shift sequence of events. Events necessary for a dynamic shift and/or to 

determine the direction of aggression. 
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Figure 3 Sequence of events. Representation of the sequence of events within an interspecific 

aggressive encounter. 
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Figure 4 "Overall victim" selection criteria. Criteria used to determine the species that was the 

“overall victim” of an interspecific aggression encounter. 
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Figure 5 "Overall victim" age class criteria.  Criteria used to determine the age class that was the 

“overall victim” of an interspecific aggression encounter. 
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Figure 6 Behavioral context of interspecific encounters. The “other” category consists of 

encounters where no aggression was observed (non-aggressive encounters) or where aggression 

occurred with two or more behavioral categories (aggressive encounters). 
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Figure 7 Map of interspecific encounters. Map of the locations of all interspecific encounters 

between the years 1993 and 2004.  “Blue diamonds” represent the locations where nonaggressive 

interspecific encounters occurred.  “Squares” represent the locations where aggressive 

interspecific encounters occurred.  “Red squares” represent the aggressive interspecific 

encounters that were not analyzed for the present study.  “Green squares” represent the aggressive 

interspecific encounters that were analyzed for the present study. 
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