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 Atlantic spotted dolphins (Stenella frontalis) and bottlenose dolphins (Tursiops 

truncatus) are two sympatric species resident to the Bahamas. The visibility of the 

Bahamian water provided a unique opportunity to study spotted dolphin communication 

during aggression. This study’s main focus was to decipher any similarities or differences 

in the behaviors used by spotted dolphins during interspecific and intraspecific 

aggression. Both similarities and differences were discovered. Biting, following, and 

chasing behavioral events were used more during interspecific aggression, while the 

display behavioral class was used more than the contact behavioral class during intra- 

but not interspecific aggression. This study showed that spotted dolphins use more energy 

intensive and risky behaviors when fighting interspecifically. This could result from 

having to fight and defend females from a larger species, trying to avoid sexual 

harassment from bottlenose males, or needing to use behaviors that are more 
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overt and easily understood during interspecies communication.
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INTRODUCTION 
 

 Sympatric species are closely related species that occupy the same environmental 

space and have to learn how to cope with one another by exploiting different niches 

within that habitat (Hanson, 1962). Sympatric species are often in competition for 

resources such as food and space. In order for these species to be able to live together, 

exploitation of different resources needs to happen and thus niches develop (Abdullah et 

al. 2001; Parra, 2006; Polechová and Storch, 2008).  Sympatric species can find different 

ways to coexist by both resource and habitat partitioning. Three different species of 

squirrels coexisted in the same forest habitat by exploiting different heights within the 

tree canopy and utilizing different tree species to forage (Abdullah et al. 2001). Parra 

(2006) also found that Australian snubfin and Indo-Pacific humpback dolphins exploit 

different habitat preferences based on water-depth and other habitat characteristics.  

 Even though sympatric species cope by exploiting different niches in their shared 

space by partitioning, they do occasionally come in contact with one another. What 

happens when these species interact? Sometimes these encounters are aggressive and 

fights ensue over competition for food (Vogel, Much, & Janson, 2007; Glova, 1986; 

Human & Gordon, 1996) or space (Mitani et al., 2010; Ewald & Bransfield, 1987), and 

other times their interactions can be affiliative in nature. 

 On Little Bahama Bank (LBB) off Grand Bahama Island, Atlantic spotted 

dolphins (Stenella frontalis) have both aggressive and affiliative interactions with the 

sympatric Bottlenose dolphin (Tursiops truncatus) (Herzing & Johnson, 1997). Dr.
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Denise Herzing founded the Wild Dolphin Project in 1985 and has been observing these 

two species in the wild at this location for over 30 years. This project documents on 

various aspects of these two resident communities by acquiring data on age (Herzing, 

1997), gender, maternal relationships, as well as identifying paternal relationships 

through genetic work (Green, 2008).   

 Both the Atlantic spotted dolphins and bottlenose dolphins in this area have 

learned to coexist and interact with one another. From 1985 to 2001, 15% of all the 

encounters with our study population were interspecific in nature (Herzing & Johnson, 

1997; Herzing et al., 2003). Of this 15%, 35% of the encounters were aggressive but this 

percentage jumped to 46% during the years 1993 to 2004 (Herzing & Johnson, 1997; 

Herzing et al., 2003). These two species forage and travel together, but they also fight 

one another. These aggressive interactions have provided an opportunity to study 

communication through the lens of aggression during both interspecific and intraspecific 

aggression.  

 

Communication  

 Communication is an essential part of social living because it allows for 

information to be passed from one individual to another (Seyfarth et al., 2010).  

Communication has been defined as both a signal made by a sender to transmit 

information to a receiver and as a signal to influence a receiver in some way (Rendall, 

Owren, & Ryan, 2009). Many species have learned to communicate using multiple 

modalities such as vocalizations, visual displays, and physical means. Humans 

communicate vocally through speech and visually through body language, while non-
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human primates also combine vocalizations with postures and facial expressions 

(Symons, 1974). Humans and non-human primates are not the only species who can 

communicate in different ways. Dolphins also communicate vocally through whistles and 

squawks (Janik et al., 2006; Herzing, 1996) and use visual displays during aggression and 

other social interactions (Connor et al., 1992; Wedekin et al., 2004; Coscarella & Crespo, 

2010; Herzing et al., 2003; Herzing & Johnson, 1997).  

 

Development of Communication 

 Studies have shown that animals learn how to communicate by both observing 

and listening to other individuals around them (Marler, 1970; Doupe & Kuhl 1999), and 

by playing and interacting with others (Symons, 1974). Dolphins can learn vocal 

communication by incorporating sounds they hear from their community members. Fripp 

and others (2005) found that bottlenose calves appear to model their signature whistles 

after the signature whistles of other dolphins in their community. Dolphins can also learn 

behavioral communication through exposure during social interactions. Herzing (2005) 

describes potential learning mechanisms in Atlantic spotted dolphins and potential 

transmission directions. Calves learn by observing their mothers and by observing older 

males during courtship and mating (Herzing, 2005; Bender, Herzing, & Bjorklund 2008). 

Calves and juveniles can also learn by observing aggression and participating in play 

aggression (Blomqvist et al., 2005). Play-fighting provides a safe environment in which 

to practice behaviors and skills needed in adulthood (Blomqvist et al., 2005). 
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Dolphin Communication  

 Most of the knowledge we have gained about dolphins emanates from studies 

examining the bottlenose dolphin. This holds true for the study area that focuses on 

dolphin communication. Bottlenose dolphin vocal communication has been examined in 

the wild (1Janik, 2000; 2Janik, 2000; Janik, Sayigh, and Wells, 2006) and in captivity 

(Janik & Slater, 1998; Miksis, Tyack, and Buck, 2002). Many of the studies have focused 

on the signature whistle and have found that bottlenose dolphins convey identity 

information within these whistles (Janik et al., 2006) and captive bottlenose calves can 

incorporate artificial acoustic models, such as a trainer’s whistle, into their own signature 

whistle (Miksis, Tyack, and Buck, 2002). Bottlenose dolphins also vocally match 

another’s signature whistle to address that individual (2Janik, 2000) and use signature 

whistles to maintain group cohesion (Janik & Slater, 1998). 

 Vocal communication has also been studied in the Atlantic spotted dolphin and 

has been investigated in Southeastern Brazil, the western North Atlantic, northern Gulf of 

Mexico, and the Bahamas (Azevedo et al., 2010; Baron, Martinez, Garrison, & Keith, 

2008; Herzing, 1996). In the Bahamas, Herzing (1996) reported that Atlantic spotted 

dolphins use different vocalizations in various social contexts. Excitement vocals are 

heard during periods of distress or excitement, signature whistles function as specific 

identifiers for individuals, and synchronized squawks, squawks, and screams are used 

during aggression (Herzing, 1996).  

 Visual communication can take a few different forms. The physical characteristics 

of an animal can passively communicate information about the individual. In Atlantic 

spotted dolphins the amount of spots an individual has can relay information about its age
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(Herzing, 1997). Visual communication can also be active, such as behavioral displays 

and posturing. Bottlenose dolphins display aggression through head-jerks, aerial displays, 

s-postures, and jaw claps (Connor et al., 1992; Kurimoto, 2003).  

 

Communicating through Aggression 

 Aggressive behavior has been observed in a variety of social species, such as 

dolphins (Coscarella & Crespo, 2010; Herzing, Moewe, & Brunnick, 2003; Scott, Mann, 

Watson-Capps, Sargeant, & Connor, 2005; Shane, 1995), chimpanzees (Gilby et al., 

2013; Kaburu, Inoue, & Newton-Fisher, 2013; Mitani, Watts, & Amsler, 2010; Wilson & 

Wrangham, 2003; Anestis, 2006), birds (Dow, 1977; Arnold, 2000; Koenig, Mumme, 

Stanback, & Pitelka, 1995; MacRoberts, 1970), and many others. Aggression itself is 

defined as behavioral displays and physical attacks that occur from competition over 

resources (Grether et al., 2013). During aggression, the intentions of the participants can 

be behaviorally communicated through the use of specific actions (Enquist, 1985). In 

European Jays (Garrulus g. glandarius) certain aggressive signals performed by a 

dominant individual are more likely to signal attack and thus have a higher probability of 

causing retreat by a subordinate (Bossema and Burgler, 1980). 

 Intraspecific aggression, between members of the same species, and interspecific 

aggression, between members of different species, are both observed in multiple species 

and often stem from competition over food (Vogel, Much, & Janson, 2007; Glova, 1986; 

Human & Gordon, 1996), space (Mitani et al., 2010; Ewald & Bransfield, 1987), and 

survival (Huber, Bannasch, & Brennan, 2011). Intraspecific aggression also arises from 

competition over societal dominance/rank (Anestis, 2006), mates (Gilby et al., 2013; 
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Wilson & Wrangham, 2003; Huber et al., 2011), and protecting young from intraspecific 

infanticide (Packer & Pusey, 1983). While interspecific aggression can be a method to 

protect young as well (Rimbach, Pardo-Martinez, Montes-Rojas, Di Fiore, & Link, 2012; 

Wiklund, 1990), it can also be used as a form of reproductive isolation to prevent 

hybridization when two species live sympatrically and both geographical and mechanical 

forms of isolation are absent (Cusick & Herzing, 2014; Cusick, 2012).  

 

Opponents’ Effect on Aggression:  

    Avian and Chimpanzee Aggression 

 Multiple avian species have been observed using different aggressive tactics 

contingent on the opponent. One species that experiences both intraspecific and 

interspecific aggression is the acorn woodpecker (Melanerpes formicivorus) (Koenig et 

al., 1995; MacRoberts, 1970). Ritter (1938) found that acorn woodpeckers store acorns in 

excavated holes they make in trees. MacRoberts (1970) discovered that when defending 

these trees against other species, the woodpeckers make aerial passes at the intruder until 

the intruder leaves the resource. When they fight other acorn woodpeckers from different 

groups, they not only defend the immediate resource but they also extend their defense to 

include a wider territory.  

 Another social avian species, noisy miners (Manorina melanocephala), known for 

their mobbing defense tactic have been discovered to have different mobbing strategies 

depending on the intruder (Dow, 1977; Arnold, 2000). Arnold (2000) has observed up to 

one hundred noisy miners involved together in a single mobbing of a large predator such
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as a raptor. When fighting conspecifics, the males form smaller coteries with neighboring 

males at bordering regions to fend off other males (Dow, 1979).  

 Chimpanzees (Pan troglodytes) have also been observed displaying different 

aggressive behavioral styles. Chimpanzees fight within their own group (intragroup) and 

also fight different communities of chimpanzees (intergroup) (Kaburu et al., 2013; 

Wilson & Wrangham, 2003; Mitani et al., 2010). With intergroup aggression, researchers 

found that chimpanzees increase their territory size, they acquire more females, and when 

they fight they increase the chance of eradicating neighboring males, decreasing 

competition. Intergroup aggression frequently happens only between males, and results 

in severe if not lethal injuries to the throat, removal of some, if not all of the genitalia, 

disfiguring of the face, and broken bones. Intragroup aggression on the other hand, 

functions to both stabilize and challenge rank positions among individuals within the 

group (Anestis, 2006) and also results from resource competition over mating 

opportunities (Gilby et al., 2013). Since only four cases of lethal violence were reported 

during intragroup aggression during decades when frequent observations occurred, it is 

suggested that intragroup inflicted injuries are less severe than intergroup inflicted 

injuries (Kaburu et al., 2013).  

 Chimpanzee males form coalitions when fighting both within their own group, to 

gain fitness advantages such as mating rights and moving up in rank (Gilby et al., 2013), 

as well as when raiding neighboring chimpanzee communities (Mitani et al., 2010). 

Chimpanzees also assess their opponents on numerical strength and then decide if it is 

worth the risk to fight (Boesch & Boesch-Achermann, 2000). Thus, killing coalitionary 

members during intragroup aggression would be too costly and would decrease the
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chances of successfully conquering and defending a territory (Kaburu et al., 2013). 

Therefore, the need for coalitions may be why only four lethal intragroup aggressive 

encounters have been observed. 

 

Cetacean Aggression  

 Cetaceans are large-brained mammals that engage in coalitionary behavior like 

the chimpanzees. Among Cetaceans, intraspecific aggressive interactions can occur 

during competition over mates (Connor et al., 1992) or during infanticide attempts 

(Robinson, 2014). Interspecific aggressive interactions result over competition for food 

(Shane, 1995), defense of juveniles (Coscarella & Crespo, 2010), or when a smaller 

species/juvenile of another species falls victim to object-oriented play or fighting practice 

(Wedekin et al., 2004; Cotter et al., 2012).  

 The family Delphinidae, from the order Cetacea, is comprised of roughly 36 

species in which a variety of aggressive behaviors have been observed and documented 

(McGowen, 2011). There is repetition among the aggressive behaviors used by the family 

Delphinidae that likely stems from their streamlined body shape, which limits their range 

of motion and behavioral variability (Psarakos et al., 2003). Some common behaviors 

seen during cetacean aggression are as follows: tooth-raking, head-slaps, tail-slaps, 

chasing, aerial leaps, jaw clapping, open mouth gestures, head-jerking, and biting (Scott 

et al, 2005; Coscarella & Crespo, 2010; Shane, 1995; Psarakos, Herzing, & Marten, 

2003).
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Cetacean Aggression in the Northern Bahamas 

 At the WDP study site in the northern Bahamas, Atlantic spotted dolphins live 

sympatrically with a resident community of bottlenose dolphins. These two species come 

into contact with one another frequently since they share space and occasionally food 

sources. In this community it was found that aggressive behaviors during intra- and 

interspecific aggression take the form of head-to-head posturing, open mouth displays, 

tail and jaw smacking, sexual harassment, and the pinning of an individual on the sea 

floor (Herzing et al., 2003; Herzing & Johnson, 1997). Submissive displays, by the 

Atlantic spotted dolphins, during aggression take the form of passively floating and not 

retaliating while being sexually harassed by the bottlenose (Herzing & Johnson, 1997). 

Herzing and Johnson (1997) also found that the ratio of Atlantic spotted dolphins to 

bottlenose dolphins determined the success of the Atlantic spotted dolphins. These 

spotted dolphins needed to outnumber the bottlenose dolphins six to one to be able to 

defeat them in interspecific aggressive encounters (Herzing & Johnson, 1997), and it was 

later found that the synchronous state of the coalition was also beneficial during 

interspecific aggression (Cusick, 2012). Numerical strength is an important factor during 

aggression for Atlantic spotted dolphins much like chimpanzees. Thus, Atlantic spotted 

dolphins may also use different aggressive styles depending on their opponent.  

 

Research Objectives 

 The main objective of this current study was to examine, in detail, the aggressive 

behaviors used by Atlantic spotted dolphins during both interspecific and intraspecific 

aggression. The behaviors used were then compared between the types of aggression to
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look for similarities and differences in how the Atlantic spotted dolphin aggressively 

communicates with those of its own species compared to those of a different species, the 

bottlenose. Individual behavioral events were independently compared across inter- and 

intraspecific aggression and then further grouped into three behavioral classes (contact, 

pursuit, and display) that were then compared. Acoustics were also analyzed and 

compared in a subset of this video sample.  

 This study serves to describe the natural aggressive behavior of Atlantic spotted 

dolphins in the wild, which is less likely to be forced or abnormal as a result of 

limitations in space as it would be in captivity (Martin & Bateson, 2007). The WDP’s 

study site in the Bahamas offers a rare opportunity to not only document this habituated 

community’s behavior but to also take full advantage of examining the details due to the 

extreme clarity of the Bahamian water. Insights into how this species communicates 

during aggression sheds light on the details involved during a behaviorally rich social 

interaction. Providing insights into the details of any behavior can often lead to a greater 

understanding of the behavior as a whole, which can lead us to new paths for future 

research. 
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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 (LBB) off Grand Bahama Island in the Bahamas (Figure 1). The 

field site encompasses a large area on the northwest edge of Little Bahama Bank. LBB 

consists mostly of shallow waters ranging in depth from 6-16 meters, and water 

surrounding the bank can reach depths of greater than 500 meters. LBB is composed of a 

white sandy bottom scattered with rock, reef, and patches of seagrass (Thalassia 

testudimum). Together with the white sand and the shallow, clear water the average 

visibility is about 30 meters, which provides a great opportunity for underwater 

videography and underwater photography. 

  

Study Population 

 This current study focused only on adult male Atlantic spotted dolphins, which 

included both the mottled (8-15 years) and fused (15 and older) age classes. Younger 

juvenile males often exhibit play aggression, and were not included in this study  

 

Data Collection- In the Field 

 WDP has developed a long-term encounter database, beginning in 1985 for the 

months of May through September. An encounter consists of researchers being in the 
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water with either the Atlantic spotted dolphins, bottlenose dolphins, or both where 

videography and photography are used to document any behavior observed. The 

encounter database is a written detailed account of all the dolphin encounters to date, 

including details about group size, individual identifications, behavioral context, and 

specific GPS latitude/longitude location. This database was used to extract basic 

encounter information, it was used to confirm which individuals were present in the 

encounters (including females and their reproductive status), that the encounter had 

aggressive behavior, and that all participants in said aggression were male. 

 Encounter information was recorded during the encounter using various 

underwater video cameras (e.g. 8mm, Hi 8mm, High def) with attached hydrophone to 

document underwater behavior (Herzing, 1996). Video content was reviewed each night 

and a running narrative of the behaviors observed was logged to correlate with the time-

coded video. The underwater video observations were used as supplements to the 

encounter data to confirm dolphin identification and to gather more information on the 

age, sex, and what behaviors were observed underwater.  

 

Behavioral Definitions 

Defining Aggression 

 For this study, aggression occurred when behavioral displays and physical attacks, 

previously designated as aggressive by the WDP, were observed during an encounter. 

Aggression was distinguishable based on characteristics of the individuals involved 

(species, sex, and age class), the behaviors observed, and the actions and reactions of the 

individuals partaking.  
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Defining Intra- & Interspecific Aggression 

 Intraspecific aggressive behaviors were defined as aggressive acts directed 

towards individuals of the same species, whereas interspecific aggressive behaviors are 

directed towards individuals of another species (in this case, T. truncatus). These are 

behavioral events, or single points in time. An intra- or interspecific aggressive encounter 

was defined as multiple intra- or interspecific aggressive behaviors that occurred during a 

period of time.  

 

Defining the Behaviors (Ethogram)  

 The WDP underwater ethogram was modified and used to score and analyze these 

underwater aggressive video encounters (Table 1). Individual behaviors, behavioral 

events, were divided up into three behavioral classes: contact, pursuit, and display. 

During the initial coding process a bout of head-to-head behavior was treated as a 

behavioral event and the durations of these bouts were manually extracted at a later time.  

 A small subset of videos from this dataset that had clear vocals was analyzed to 

examine the vocal characteristics of the encounters. The vocals were identified as the 

presence of or absence of a particular bout of sound and were recorded as behavioral 

events and the durations were manually extracted at a later time (Table 1).  

 

Video Selection from the Wild Dolphin Project Database  

 Videos were selected between the years 1991-2004 because the first five years 

were used to habituate the animals and in September 2004 two detrimental hurricanes 

came in direct contact with the WDP’s study site, which disrupted the social structure of 
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this community (Elliser, 2010). Video was extracted from the WDP long-term database 

using the following selection criteria: 1.) the videos needed to contain mostly adult male 

Atlantic spotted dolphins, which included the mottled and fused age classes, and adult 

male Bottlenose dolphins for interspecific encounters, 2.) when a juvenile of either 

species was present, they must not have been involved in the aggression or had very 

minimal involvement, 3.) a focal group, a group that was most consistently videotaped, 

needed to be differentiated adequately throughout the video, and 4.) the videos needed to 

be of sufficient quality to observe, in detail, the aggressive behaviors in my ethogram. 

  In total, 22 aggressive encounter clips met the aforementioned criteria. Eleven 

intraspecific aggressive encounters and eleven interspecific aggressive encounters were 

used for this project. The eleven intraspecific encounter video clips had a total of 75 min 

and 41 sec of video analyzed for data collection, while the eleven interspecific encounter 

video clips had a total of 106 min and 29 sec of video analyzed. Table 3 provides further 

detail on maximum and minimum durations for the encounter clips from this sample.  

 

Video Analysis Procedure 

 Observer XT behavioral software was used for simultaneous behavioral coding 

and scoring with integrated video media (Noldus Information Technology, 2012). 

Behaviors were coded into the Observer XT software to score the intra- and interspecific 

aggressive activity.  

 Behavioral sampling was used to watch and score a focal group including every 

occurrence of the individual behavioral events in my Ethogram. Data recordings were 

continuous throughout the entire aggressive encounter clip, and all the occurrences of the 
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behavioral events performed by the focal group were recorded. Video scoring began 

when either both groups of spotted dolphins or both species were present in the video 

frame and continued until the video clip ended. Every occurrence of the behavioral 

events within the three behavioral classes (contact, pursuit, and display) along with the 

vocal signals made by male Atlantic spotted dolphins, were recorded. Individual 

behavioral events were also clumped into the three behavioral classes (contact, pursuit, 

and display) to determine the similarities and differences among the occurrences of the 

three behavioral classes for a broader frame of reference. Only individuals and behaviors 

that could be seen in the video frame clearly were recorded. If all individuals either left 

the frame or were too far away to be seen in enough detail, this time period was noted 

and coded as “out of frame”.  

 Each encounter was scored as a single video sequence and constituted a single, 

independent sample. Therefore, the focal groups were viewed as being both different and 

independent across every encounter. To ensure statistical independence, no two 

encounters from the same day were used with one exception: there was one day where 

one encounter was intraspecific aggression while the other was interspecific aggression. 

Due to the shift in species interaction these were scored as independent samples.   

 

Video Intra- and Inter-Observer Reliability 

 To ensure intra-rater reliability, 20% of the intraspecific encounter videos (n=2) 

and 20% of the interspecific encounters (n=2) were scored two times by the primary 

observer.  Then to ensure strong inter-rater reliability, two of the intra- and two of the 

interspecific encounters videos were re-coded by a second trained observer to compare to 
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the primary observer’s code. The encounters used to check intra- and inter-rater 

reliability were randomly generated using random.org.  

 To calculate between and within-observer reliability, a Pearson’s r correlation 

was calculated using the reliability statistical analysis program in Observer XT (Martin & 

Bateson, 2007) with a set 1-second tolerance window. A correlation value of 0.70 or 

greater was considered to be strong intra- and inter-rater reliability (Table 4). 

 

Hypotheses Tested 

Main Questions: 

(Interspecific vs. Intraspecific Aggression) 

Is there a difference in the aggressive behaviors used when Atlantic spotted dolphins 

fight intraspecifically versus interspecifically?  

(Intraspecific data subset: One dolphin vs. Group) 

Is there a difference in the aggressive behaviors used during intraspecific aggression 

when Atlantic spotted dolphins fight individually versus fighting in a group? 

 

Hypotheses used to test the main questions: 

Behavioral Class Hypothesis: 

Hypothesis 1:  

H0: There is no difference in the overall use of the three behavioral classes (contact, 

pursuit, display) during intra- and interspecific aggression or during intraspecific 

aggression with one dolphin or a group.  

H1: There is a significant difference in the overall use of at least one of the three 
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behavioral classes (contact, pursuit, display) during intra- and interspecific aggression or 

during intraspecific aggression with one dolphin or a group. 

 

Behavioral Events Hypothesis: 

Hypothesis 2: 

H0: There is no difference in the rate of occurrence of any individual behavioral events 

during interspecific and intraspecific aggression or during intraspecific aggression with 

one dolphin or a group.  

H1: There is a significant difference in the rate of occurrence among the individual 

aggressive behavioral events during interspecific and intraspecific aggressive encounters 

or during intraspecific aggression with one dolphin or a group. 

 

Sequential Analysis: 

Hypothesis 3: 

Ho: There is no difference in the sequence of aggressive behavioral classes/events during 

intra- and interspecific aggression or during intraspecific aggression with one dolphin or 

a group.  

H1: There is a significant difference in the sequence of aggressive behavioral 

classes/events during intra- and interspecific aggression or during intraspecific 

aggression with one dolphin or a group.  

  

 

 



	  

	   18 

Vocal Subset: 

Hypothesis 4: 

H0: There is no difference in the types of vocalizations used during intra- and 

interspecific aggression. 

H1: There is a significant difference in the types of vocalizations used during intra- and 

interspecific aggression. 

 

Group Composition & Size: 

Hypothesis 5: 

H0: There is no difference in the amount of reproductively active male and female 

individuals present between inter- and intraspecific aggression.  

H1: There is a significant difference in the amount of reproductively active male and 

female individuals present between inter- and intraspecific aggression.  

 

Hypothesis 6: 

H0: Group size has no effect on the rates of aggressive behaviors used for either inter- or 

intraspecific aggression.  

H1: Group size has a significant effect on the rates of aggressive behaviors used for either 

inter- or intraspecific aggression.  

 

Statistical Analyses/Preparing Data for Analysis 

Standardizing the Data  

 For this project, means, frequencies, percentages, rates, behavioral sequences, and 
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durations of behavioral events were calculated and described. Since the video clips were 

all different time lengths, the behavioral classes/events needed to be divided by time to 

standardize the data and allow for comparison of rates of behavioral events/classes. First, 

the total rate per minute for all the aggressive behavioral events was calculated for each 

encounter. The sum of all the individual behavioral event frequencies was divided by the 

total time of the encounter (in minutes) to get a total rate per min of aggressive behaviors 

performed during an encounter. A Mann-Whitney U test was performed to compare the 

intraspecific total rates per min and the interspecific total rates per min. Later the total 

rates per minute were broken down into three separate behavioral classes (contact, 

pursuit, display) to provide the total rates for each individual class to be compared. Then 

further analyses divided the behavioral classes into the individual behavioral events to 

provide specific behavioral event rates per min to be compared.  

 Not only were the video clips different time lengths, they also had different group 

sizes both between and within intra- and interspecific samples. Throughout the 22 

encounters, group size varied from as low as two individuals to as high as 24. Before all 

eleven intra- and all eleven interspecific encounters could be combined and treated as 

only two separate groups, it was confirmed that group size did not have a significant 

effect on the overall rate of aggressive behaviors used.  

  Before any statistical analyses were run to compare rates of behavioral 

events/classes between interspecific and intraspecific aggression, normality and 

homogeneity of variances were tested to decide whether or not a parametric or non-

parametric test was needed. The significance value for all the statistical tests was set at p= 

.05, unless stated otherwise. If a p value was below .05 than these were significantly non-
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normal or not homogenous and non-parametric tests were used. Significance values were 

all two-tailed, unless specified otherwise.  

 

Group Size 

 The data were split four different ways to ensure that group size did not 

significantly affect the total behavioral rates for the encounters. The four different 

groupings were the following: 1.) encounters with four or less individuals, five to eight 

individuals, or ten plus individuals, 2.) encounters with group sizes of nine or less 

individuals or ten plus individuals, 3.) encounters with three or less individuals or four 

plus individuals , and 4.) lastly, encounters with six or less individuals or seven plus 

individuals. When the data were normal and homogenous independent sample t-tests 

were used, but when the data were not normal or homogenous then Kruskal-Wallis tests 

(non-parametric one-way ANOVA) or Mann-Whitney U tests (non-parametric 

independent samples t-test) were used for the comparisons. 

 

Behavioral Class Comparisons 

  Either Mann-Whitney U or Independent Sample t-tests were performed to see if 

there were any differences among the three behavioral classes (contact, pursuit, and 

display) utilized between intraspecific aggression and interspecific aggression. Then a 

Kruskal Wallis test (non-parametric ANOVA) was used to see if there were any 

differences among the three behavioral classes utilized within intraspecific aggression 

and interspecific aggression separately.  If the Kruskal Wallis test was significant, then 

Mann-Whitney U tests were performed to see which behavioral classes differed from the 
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others. Since the Mann-Whitney U test was used as a post hoc test, a Bonferroni 

adjustment was made to the p values by dividing .05 by the number of groups being 

compared in the Kruskal Wallis test.  

 Contact and pursuit behavioral classes were then combined into “Action 

behaviors” to be compared to the display behavioral class both between and within intra- 

and interspecific encounters.  A Mann-Whitney U test was used to test for statistical 

significance.  

 

Individual Behavioral Event Comparisons 

 Twenty-three different behavioral events, within in the three behavioral classes, 

were recorded throughout the 22 encounters and were scored individually. Total 

frequencies of each behavioral event were collected during each encounter. The total 

frequency of a behavioral event was divided by the total duration of the encounter to get 

an individual behavioral event rate per min. Rates of behavioral events were then 

compared between inter- and intraspecific encounters using independent sample t-tests if 

the data were normal, and Mann-Whitney U tests if the data were not normal.  

 During intraspecific aggression there were bouts of time where deciphering the 

focal group was not possible due to video quality and the dispersal of individuals. There 

were behavioral events that could not be attributed to the focal group, and thus some 

behavioral event frequencies might not have been 100% accurate. The total frequencies 

of these behavioral events that occurred during the “dispersed” time were added into the 

previous frequencies to update the behavioral rates per minute. The data were re-analyzed 

and examined with all the behavioral events added in and then only half of the behavioral 
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events added in from these “dispersed” time bouts. All of the results were exactly the 

same regardless of whether or not the “dispersed” data were corrected for except for one 

test, which is discussed later. As a result, all of the statistical test results examining 

behavioral classes, behavioral events, and total rates per min were analyzed from the 

original data which does not include the “dispersed” data. The original was used because 

the behavioral events scored were attributed to the same focal group throughout an entire 

encounter and thus were consistent.   

 

Behavioral Events During Bouts of Head-to-Head  

 Individual behavioral events that occurred during bouts of head-to-head were also 

analyzed. Since these bouts lasted for shorter periods of time, frequencies of behavioral 

events were divided by the length of the bout in seconds, resulting in rates per second 

(rps). There were a total of 45 bouts of head-to-head that were analyzed. Twenty-two 

bouts of head-to-head occurred during interspecific aggression and lasted for a total of 

338 sec, while there were 23 bouts of head-to-head that lasted for a total of 429 seconds 

during intraspecific aggression. Rates of behavioral events that occurred during bouts of 

head-to-head were compared between inter- and intraspecific encounters using 

independent sample t-tests if the data were normal, and Mann-Whitney U tests if the data 

were not normal. 

 

Sequencing Behaviors and Comparisons 

 Exploratory sequential analyses were preformed by examining the sequences of 

behavioral events and behavioral classes throughout an aggressive encounter using the 
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Lag sequential analysis in Observer XT. The Lag sequential analysis determined the 

transition probability from one event to the next, but this probability does not depend 

upon the events that preceded the current event, much like a Markov Chain model 

(Grinstead & Snell, 1997).  

 Lag sequential analyses were set to 1, which looks at the behavioral 

event/behavioral class immediately following the target behavior. Lag sequential 

analyses were also set to -1, which looks at the behavioral event/behavioral class 

immediately preceding the target behavior. The probability was set to display behavioral 

events/classes that had a 25% chance or higher of either following or preceding another 

behavioral event/class. Similarities or differences in pairs of behavioral event/classes that 

had high probabilities were examined to compare sequences between inter- and 

intraspecific encounters. 

 

Intraspecific: One Dolphin versus Group Subset 

 The analyses for this data subset follow the same methods described in sections 

Standardizing the Data, and then from Behavioral Class Comparisons through 

Sequencing Behaviors and Comparisons.  The total sample size for this subset was n=10, 

five of the eleven intraspecific encounters where one dolphin was aggressive towards a 

group were chosen and five of the eleven intraspecific encounters where a group was 

aggressive towards another group were also chosen. The five encounters that analyzed 

the “group” were different than the encounters where one dolphin was analyzed for the 

sake of independence. These five “group” encounters were chosen because they were, 

together, closest to the total time of the five single dolphin encounters. The five 
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intraspecific encounter video clips with one dolphin had a total of 31 min and 25 sec of 

video analyzed for data collection, while the five intraspecific encounter video clips with 

a group had a total of 28 min and 48 sec of video analyzed.  

 

Vocal Data Subset 

 The subset of vocalizations (Table 1) had a total sample size of eight videos. Four 

videos were selected from the eleven interspecific aggressive encounter clips and four 

were selected from the intraspecific aggressive encounter clips. The four intraspecific 

encounter video clips had a total of 37 min and 6 sec of video analyzed for data 

collection, while the four interspecific encounter video clips had a total of 48 min and 49 

sec of video analyzed. The vocal bout lengths for each vocal type were converted into 

percentages of time when they each occurred during the encounters to analyze differences 

between intra- and interspecific encounters. To test for statistical significance between 

intra- and interspecific, independent sample t-tests were used if the data were normal and 

Mann-Whitney U tests were used if the data were not normal. One-Way ANOVAs were 

then used to see if there were any statistically significant differences among the vocal 

bouts used within each group.  

 

Group Composition Data Subset 

 All 22 encounters were included in this data subset. Information on the 

individuals present, such as sex and age classes, was collected from the WDP encounter 

database and life history chart.   

  The total frequencies of reproductively active females and males were compared 
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between intra- and interspecific aggression. A female was considered reproductively 

active around 8 years of age, which for Atlantic spotted dolphins is the late-speckled 

stage (Herzing, 1997). Males usually mature later than females (Green, Herzing, & 

Baldwin, 2011), but males are seen practicing mating techniques at very young ages. 

Thus to keep things similar both males and females were considered to be reproductively 

active during the late speckled, mottled, and fused stages. Independent sample t-tests and 

Mann-Whitney U tests were used to test for statistical significance between intra- and 

interspecific encounters.  

 

Statistical Programs Used 

 Inter- and intra-rater reliability analyses and Lag sequential analyses were 

conducted in Observer XT, while all non-parametric and parametric tests were performed 

in IBM SPSS Statistics 22 statistical software.  
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RESULTS 

Group Size Analysis   

 Group size, despite being analyzed four different ways, did not have a significant 

effect on the total behavioral rates for the 22 aggressive encounters in this study (Table 

6).  

 

Comparing Intraspecific and Interspecific Aggression 

 Similarities 

 Overall, there was no significant difference between the average behavioral rates 

for inter- and intraspecific aggression (U=56.000, p=.797) (Figure 2). 

 

   Behavioral Classes 

 During both types of aggression, the display behavioral class had the highest 

average rate per min (rpm), followed by the contact behavioral class, and the pursuit 

behavioral class had the lowest average rpm (see Figure 5). When comparing the average 

rpm for the behavioral classes between inter- and intraspecific aggression there was no 

significant difference in the use of the contact (t(20)=1.664, p=.112) or display 

behavioral classes (U=40.000, p=.193).  

 Within both types of aggression, there was a significant difference among the rpm 

for the three behavioral classes (see Figures 3 and 4; test results Table 7). Atlantic 

spotted dolphins used the display behavioral class significantly more than the pursuit 
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behavioral class during both interspecific aggression (Figure 3) and intraspecific 

aggression (Figure 4) see Table 7. When the data were further clumped into “Action” and 

display behavioral classes, by grouping the contact and pursuit behavioral classes into 

“Action”, the display behavioral class was used significantly more than the “Action” 

behavioral class during both interspecific (U=31.000, p=.000; Figure 6) and intraspecific 

aggression (U=5.000, p=.000; Figure 7).  

 

   Individual Behavioral Events 

 As seen in Figure 25, the following individual behavioral events had the highest 

average rates per min during both intra- and interspecific aggression: charge, brief head-

to-head, and open mouth. Out of the total 23 behavioral events, three were only observed 

during interspecific aggression while two were only observed during intraspecific 

aggression, and three were used significantly differently during the two types of 

aggression (Tables 5 and 8). As for the other 15 behaviors, there were no significant 

differences in their rates of use during inter- and intraspecific aggression and the results 

of their statistical tests can be viewed in Table 5. 

 

Differences 

   Behavioral Classes 

 When comparing the use of the different behavioral classes between inter- and 

intraspecific aggression, the pursuit behavioral class was used differently. During 

interspecific aggression pursuit behaviors were used significantly more than during 

intraspecific aggression (U=9.000, p=.000; Figure 5). There was also a difference while 
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further examining the data when clumped into “Action” and display behavioral classes. 

“Action” behaviors (a grouping of the contact and pursuit behavioral classes) were used 

significantly more during interspecific aggression compared to intraspecific aggression 

(U=130.000, p=.008; Figure 8).  

 The behavioral classes were also used differently within inter- and intraspecific 

aggression when analyzed separately. During intraspecific aggression, all three 

behavioral classes were used significantly differently from one another (Figure 4): the 

display behavioral class was used significantly more than both the contact and pursuit 

behavioral classes, and the contact behavioral class was also used significantly more 

than the pursuit behavioral class (Table 7). During interspecific aggression there was no 

significant difference in the use of the display and contact behavioral classes or between 

the contact and pursuit behavioral classes (Figure 3 and Table 7). 

 

   Individual Behavioral Events 

 Out of the 23 different behavioral events, three behaviors were used significantly 

more during interspecific aggression. Biting, a contact behavioral event, and both chasing 

and following, pursuit behavioral events, were used significantly more during 

interspecific aggression than during intraspecific aggression (Table 5). Just to note, there 

is a caveat with the finding that biting was used significantly more during interspecific 

aggression. During intraspecific aggression there were bouts of time where the focal 

group could not be differentiated. As mentioned in the methods, this “dispersed” time 

was corrected for and re-analyzed. Biting was the only instance where the “dispersed” 

data gave a different result than the original data, which in this case biting was no longer 
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used significantly more during interspecific aggression. Biting is still included as being 

significant in these results because there is no sure way to say that adding all and adding 

half of the bites from the “dispersed” bouts is 100% accurate either.  

 There were also behaviors that were uniquely seen in either intra- or interspecific 

aggression. There were three behavioral events that were only recorded during 

interspecific encounters and they were the following: actively avoiding side-mounting 

(n=16), passive (n=22), and tail cavitation (n=1). There were also two behavioral events 

that were only recorded during intraspecific aggression and they were the following: s-

posture (n=1) and spinning (n=6). Tail cavitation, s-posture, and spinning were seen in a 

very low overall frequency throughout the 22 encounters.  

 

Taking a Closer Look at Bouts of Head-to-Head 

 This specific behavior, a bout of head-to-head, is when one or more dolphins 

would orient themselves to be face-to-face with another dolphin(s). The shortest bout of 

head-to-head behavior that was recorded lasted for three seconds (n=1) and all other 

bouts lasted longer. During these bouts, different behavioral events occurred. Overall, 

nine behavioral events of fourteen from the display behavioral class were used, one 

behavioral event of seven from the contact behavioral class was used, and configuration 

changes were seen. There were also behavioral events that were uniquely seen during 

bouts of head-to-head in either intra- or interspecific aggression. Charging (n=3), s-

posture (n=1), and spinning (n=5) were only seen during intraspecific bouts of head-to-

head, while brief head-to-heads (n=1), and configuration changes (n=3) were only seen 

during interspecific bouts of head-to-head. Vocals were also heard during six of the 22 
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bouts during interspecific aggression and were heard during seven of the 23 bouts during 

intraspecific aggression.  For details on the behaviors that were used during bouts of 

head-to-head refer to Table 2. 

 The overall rates per second (rps) for behavioral events during bouts of head-to-

head did not differ significantly between inter- and intraspecific aggression (U=247.500, 

p=.906).  Of the ten different behavioral events, only the rps of arching during bouts of 

head-to-head differed. Arching was performed significantly more times per second in 

bouts of head-to-head during intraspecific aggression than interspecific aggression 

(U=172.500, p=.017).  

 The overall length of the bouts of head-to-head were also not significantly 

different between inter- and intraspecific aggression (U=214.000, p=.382). Significant 

positive correlations were found between the total number of behaviors and the length of 

the bout of head-to-head for both types of aggression (τb=.488, p=.001, interspecific) 

(τb=.596, p=.001, intraspecific).  

 

Sexually Mature Adults Present During Aggression 

 There was no significant difference in the total number of sexually mature 

females present during intra- and interspecific aggression (t(20)=-1.313, p=.204). There 

were significantly more sexually mature males present during intraspecific aggression 

than during interspecific aggression (t(20)=-2.845, p=.010). 
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Intra- vs. Interspecific: Lag Sequential Analyses-Sequencing  

 All behavioral event pairs and all behavioral class pairs that had equal to or above 

25% probability can be seen in Figures 17, 18, 21, and 22 for inter- and intraspecific 

aggression. Some details regarding the lag sequential analysis are stated below.  

 

The Probability of a Behavioral Event/Class to Follow 

 During both intra- and interspecific aggression certain behavioral classes were 

more likely to follow other behavioral classes. The display behavioral class was the most 

common behavioral class to follow other behavioral events and behavioral classes. The 

display behavioral class had a 45% probability of following the contact behavioral class 

during intraspecific aggression and a 31% probability during interspecific aggression. 

The display behavioral class also had high probabilities of following the start of vocals, a 

configuration change, and the end of a rolling bout.  

 As for individual behavioral events, certain behavioral events were more likely to 

follow other behavioral events. The three most commonly used behavioral events, open 

mouth, brief head-to-head, and charging, most commonly followed a variety of other 

behavioral events at a 25% or higher probability during inter- and intraspecific 

aggression.  

 

 The Probability of a Behavioral Event/Class to Precede 

 During both intra- and interspecific aggression certain behavioral classes were 

more likely to precede other behavioral classes. The display behavioral class was the 

most common behavioral class to precede other behavioral events/classes. The display 
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behavioral class had a 63% probability of preceding the contact behavioral class during 

intraspecific aggression and 40% probability during interspecific aggression. The display 

behavioral class also had high probabilities of preceding the end of a bout of head-to-

head and preceding another behavioral event within the display behavioral class for both 

inter- and intraspecific aggression. 

 As for individual behavioral events, certain behavioral events were more likely to 

precede other behavioral events. The three most commonly used behavioral events, open 

mouth, brief head-to-head, and charging, most commonly preceded a variety of other 

behavioral events at a 25% or higher probability during inter- and intraspecific 

aggression.  

 

Behavior Pairs that Always had High Sequential Probabilities 

 Even though the behavioral event jaw clap was not one of the most commonly 

used behavioral events, in both types of aggression it had higher than 25% chance of 

following and preceding another jaw clap.  

 Brief head-to-head behavior was also paired with charging during both intra- and 

interspecific aggression. During both types of aggression, charging had a probability 

higher than 25% of either following or preceding brief head-to-head behavior. 

 

What Follows or Precedes Surfacing to Breath? 

 During intraspecific aggression, surfacing had high probabilities of following the 

end of a bout of head-to-head and of being preceded by the end of a vocal bout. Surfacing 
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also had high probabilities of being followed by the start of vocals and being followed by 

the display behavioral class.  

 During interspecific aggression, surfacing had high probabilities of being 

preceded by the end of a bout of vocals or being followed by vocals stopping. Surfacing 

also had high probabilities of being preceded by the use of bubbles and a high probability 

of being preceded by the behavioral event follow.  

 

Data Subset Results 

 

Vocal Subset 

 

Intra- vs. Interspecific: Comparing Types of Vocals Heard 

 Three different types of vocals were recorded during this subset of eight 

aggressive encounters. The three vocals were squawks, buzzes, and a category termed 

“other conflict vocals”. When comparing the overall percentages of time these vocals 

were heard during inter- and intraspecific aggression, none were used significantly 

differently: squawks (t(6)=-.435, p=.679), buzzes (t(6)=-.313, p=765), and other conflict 

vocals (t(6)=-.634, p=.550).  (Figures 9 and 10) 

 Within the four intraspecific aggressive encounters, there was no statistically 

significant difference in the overall percentage of time that each vocal type was heard, as 

determined by a one-way ANOVA (F(2,9)=1.156, p=.357; Figure 9). There was also no 

significant difference within interspecific aggression for the overall percentage of time 
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that each vocal type was heard, as determined by a one-way ANOVA (F(2,9)=1.366, 

p=.303; Figure 10). 

 There was often overlap for the different types of vocals where two, and in some 

cases all three, vocals were heard at the same time. There was no significant difference in 

the percentage of time that the vocals overlapped between the two types of aggression 

(t(6)=.394, p=.800). There was also no significant difference in the overall percentage of 

time that vocals were heard, regardless of the type of vocal, during the two types of 

aggression (t(6)=-1.734, p=.134). 

 

Intraspecific Aggression: One Dolphin vs. Group 

 

Similarities  

   Behavioral Classes 

 During both intraspecific aggression with one dolphin and intraspecific 

aggression with a group, the display behavioral class had the highest average rpm, 

followed by the contact behavioral class, and the pursuit behavioral class had the lowest 

average rpm (Figure 13). When comparing the average rpm for the behavioral classes 

between one dolphin and the group, there was no significant difference in the use of the 

contact (t(8)=-.529, p=.611), display (t(8)=-1.941, p=.088), or pursuit behavioral classes 

(U=10.000, p=.683). There was also no significant difference in the use of the “Action” 

behavioral class when compared between one dolphin and the group (U=49.000, p=.970; 

Figure 16). 
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 Within both types of intraspecific aggression, there was a significant difference 

among the rpm for the three behavioral classes (Table 7). For both types of intraspecific 

aggression, Atlantic spotted dolphins used the display behavioral class significantly more 

than both the contact and pursuit behavioral classes (Figures 11 and 12; Table 7). When 

the data were further clumped into “Action” (a grouping of the contact and pursuit 

behavioral classes) and display behavioral classes, the display behavioral class was used 

significantly more than the “Action” behavioral class during both intraspecific with one 

dolphin (U=1.000, p=.001; Figure 14) and intraspecific aggression with a group 

(U=0.000, p=.001; Figure 15).  

 

 Individual Behavioral Events 

 As seen in Figure 26, the following individual behavioral events had the highest 

average rates per min during intraspecific aggression for both one dolphin encounters and 

group encounters: charge and brief head-to-head. Out of the total 20 behavioral events, 

one behavioral event was only observed during intraspecific aggression with one dolphin, 

while eight were only observed during intraspecific aggression with a group. Two 

behavioral events were used significantly differently between intraspecific aggression 

with one dolphin versus a group. As for the other nine behavioral events, there were no 

significant differences in their rates of use during either type of intraspecific aggression 

and the results of their statistical tests can be viewed in Table 5. 
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Differences 

   Behavioral Classes 

 Intraspecific aggression with the group performed a wider variety of behaviors 

than aggression with only one dolphin. The group performed six behavioral events out of 

seven for the contact behavioral class and twelve behavioral events out of fourteen for 

the display behavioral class. Intraspecific aggression with one dolphin only performed 

two behavioral events out of seven for the contact behavioral class and only eight 

behavioral events out of fourteen for the display behavioral class. Intraspecific 

aggression with one dolphin did perform two behavioral events out of two for the pursuit 

behavioral class while the group only performed one.  

 When the behavioral classes were analyzed within either intraspecific with one 

dolphin or intraspecific with a group there were some differences. During intraspecific 

aggression with a group, all behavioral classes were used significantly differently from 

one another (Figure 12); the display behavioral class was used significantly more than 

both the contact and pursuit behavioral classes and the contact behavioral class was also 

used significantly more than the pursuit behavioral class (Table 7). During intraspecific 

aggression with one dolphin there was no significant difference in the use of the contact 

and the pursuit behavioral classes (U=5.000, p=.143; Figure 11).  

 

   Individual Behavioral Events 

 Out of 20 different behavioral events, two were used significantly more during 

intraspecific aggression with the group. Both arching and open mouth, display behavioral 
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events, were used significantly more often during intraspecific aggression with the group 

than during intraspecific aggression with one dolphin (Table 5).   

 Aside from these two differences, there were also behavioral events that were 

uniquely seen in either encounters where one dolphin or a group was analyzed during 

intraspecific aggression. There was one behavioral event that was only recorded during 

intraspecific encounters with one dolphin and it was the pursuit behavioral event, follow 

(n=4). There were also eight behavioral events that were only recorded during 

intraspecific encounters with the group and they were the following: bite (n=1), tail slap 

(n=2), rolling (n=4), hold down (n=1), breach (n=12), s-posture (n=1), bubbles (n=6), and 

spinning (n=3). 

 

Taking a Closer Look at Bouts of Head-to-Head 

 The shortest bout of head-to-head, that was recorded for this subset of 10 

intraspecific encounters, lasted for four seconds (n=1). There were a total of three bouts 

of head-to-head that lasted for a total of 34 seconds during the five intraspecific 

aggressive encounters analyzed with one dolphin, while there were twelve bouts of head-

to-head that lasted for a total of 286 seconds during the five intraspecific aggressive 

encounters analyzed with a group of dolphins. The mean duration for the bouts of head-

to-head did not significantly differ between one dolphin and the group (t(13)=-1.244, 

p=.236).  

 During these bouts, different behaviors occurred. In total, during intraspecific 

encounters with one dolphin, 11 behaviors were used during the three bouts of head-to-

head. While in total, during intraspecific encounters with the group, 78 behaviors were 
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used during the twelve bouts of head-to-head.  Overall, eight behavioral events of the 

fourteen for the display behavioral class were used. Vocals were also heard during one of 

the three bouts for intraspecific aggression with one dolphin and were heard during six of 

the twelve bouts during intraspecific aggression with the group.  For details on the 

behaviors that were used during bouts of head-to-head refer to Table 2. 

 The overall rates for behavioral events that occurred during bouts of head-to-head 

did not differ significantly between one dolphin and the group (t(13)=1.272, p=.226).  Of 

the three behavioral events that were found in both intraspecific with one dolphin and 

intraspecific with the group, none differed significantly in their mean rps of usage. A 

significant positive correlation was found between the total number of behaviors and the 

length of the bout of head-to-head for intraspecific with a group (τb=.762, p=.001) but not 

for intraspecific with one dolphin (τb=-.333, p=.602).  

 There were behavioral events that were uniquely seen during bouts of head-to-

head in intraspecific aggression with a group of dolphins and they were the following: 

jaw clap (n=18), inverted posture (n=3), s-posture (n=1), spinning (n=3), and bubbles 

(n=4). 

 

One Dolphin vs. Group: Lag Sequential Analyses-Sequencing  

 All behavioral event pairs and all behavioral class pairs that had equal to or above 

25% probability can be seen in Figures 19, 20, 23, and 24 for intraspecific aggression 

with either one dolphin or a group. Some details regarding the lag sequential analysis are 

stated below. 
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The Probability of a Behavioral Event/Class to Follow 

 During both intraspecific aggression with one dolphin and a group, certain 

behavioral classes were more likely to follow other behavioral classes. The display 

behavioral class was the most common behavioral class to follow other behavioral 

events and behavioral classes. The display behavioral class followed the contact 

behavioral class 45% of the time during intraspecific aggression with a group and 47% 

of the time during intraspecific aggression with one dolphin. The display behavioral 

class also had high probabilities of following the start of vocals, another behavioral event 

from the display behavioral class, and surfacing. 

 As for individual behavioral events, certain behavioral events were more likely to 

follow other behavioral events. The two most commonly used behavioral events for both 

the group and one dolphin, brief head-to-head and charging, were also the behavioral 

events that commonly followed a variety of other behavioral events at a 25% or higher 

probability.  

 

The Probability of a Behavioral Event/Class to Precede 

 During both intraspecific aggression with one dolphin and a group certain 

behavioral classes were more likely to precede other behavioral classes. The display 

behavioral class was the most common behavioral class to precede other behavioral 

events and behavioral classes. The display behavioral class preceded the contact 

behavioral class 73% of the time during intraspecific aggression with one dolphin and 

67% of the time during intraspecific aggression with a group. The display behavioral 

class would also precede the end of a bout of head-to head, precede the pursuit 
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behavioral class, and precede another behavioral event from the display behavioral class 

at probabilities above 25%.  

 As for individual behavioral events, certain behavioral events were more likely to 

precede other behavioral events. The two most commonly used behavioral events for 

both the group and one dolphin, brief head-to-head and charging, were also the 

behavioral events that commonly preceded a variety of other behavioral events at a 25% 

or higher probability.  

 

Behavior Pairs that Always had High Sequential Probabilities 

  Brief head-to-head behavior and charging were the two most commonly used 

behavioral events for both intraspecific aggression with one dolphin and with a group. 

These two behavioral events also followed or preceded each other at probabilities higher 

than 25%.  

 

What Follows or Precedes Surfacing to Breath? 

 During intraspecific aggression with one dolphin, surfacing had high probabilities 

of following a chase, following the end of vocal bout, and of following a brief head-to-

head. Also during intraspecific aggression with one dolphin, surfacing had high 

probabilities of being preceded by a charge, of being preceded by the display behavioral 

class, and of being preceded by the contact behavioral class.  

 During intraspecific aggression with a group, surfacing had a high probability of 

being followed by vocals starting and a high probability of being preceded by the end of a 
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vocal bout. Surfacing also had a high probability of being followed by the display 

behavioral class.  
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DISCUSSION 

 When aggressive encounters occurred on Little Bahama Bank in the Bahamas, 

intraspecific aggression occurred in 9.86% of the encounters from the years 1991 to 

2004.  Encounters that were interspecific in nature accounted for 14.7% of the total 

encounters throughout the same time span, and interspecific aggression occurred during 

45.2% of those encounters. The present study found similarities and differences among 

both the behavioral classes and individual behavioral events that Atlantic spotted 

dolphins (spotted dolphins) used during each type of aggression. The similarities were on 

par with evolutionary trends, while the differences have raised some interesting questions 

and avenues for future research.  

 

Similarities Between Intra- and Interspecific Aggression 

 During both inter- and intraspecific aggression, there was no significant 

difference in the overall average behavioral rate (rpm) for behavioral events used by 

Atlantic spotted dolphins: they did not use significantly more aggressive behavioral 

events during either type of aggression. These spotted dolphins also utilized the three 

behavioral classes in the same overall pattern during both forms of aggression: the 

display behavioral class had the highest mean rate per minute (rpm), followed by the 

contact behavioral class, and the pursuit behavioral class had the lowest mean rpm. 

Basic sequential analyses also did not reveal any major differences. Atlantic spotted 

dolphins used the display behavioral class before and after almost all other behavioral 
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classes and some behavioral events, and a large amount of the behavioral pairs with 

above 25% probability were the same for both inter- and intraspecific aggression. 

Charging is one example, this behavioral event followed brief head-to-head behavior 

47% of the time during interspecific aggression and 35% of the time during intraspecific 

aggression. There were a wide variety of behavior pairs that had above a 25% probability 

of happening. This suggests that spotted dolphins do not seem to have rigid behavioral 

patterns where only certain behaviors can precede or follow others. Atlantic spotted 

dolphins seem to be plastic in their use of aggressive behaviors in both inter- and 

intraspecific aggression.  

 The vocal repertoire used and the overall percentage of time each type of vocal 

was heard did not differ significantly between the types of aggression either. This showed 

that Atlantic spotted dolphins did not favor a specific type of vocal or drastically change 

their vocal repertoire depending on the opponent.  

 When contact and pursuit behavioral classes were further grouped into the 

“Action” behavioral class and compared to the display behavioral class, there was a 

significant difference. The display behavioral class was used significantly more than the 

“Action” behavioral class during both inter- and intraspecific aggression. Evolutionarily, 

display behaviors are considered to be less energetically costly and less risky than contact 

and pursuit behaviors. Threat displays serve to communicate intentions (Cullen, 1966; 

Van Rhijn, 1980), and can be used to solve conflicts before they escalate into full-blown 

physical attacks (Clutton-Brock et al., 1979; Leuthold, 1977; Geist, 1964; Waas, 1991). 

Red deer (Cervus elaphus L.) exhibit a whole series of threat displays, such as roaring 

and parallel walking (Bützler, 1974), and only engage in aggressive attacks if both 
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individuals are evenly matched or if one has not backed down during the display stage 

(Clutton-Brock et al., 1979). Other species, such as African lions (Panthera leo) 

(Heinsohn, 1997) and black howler monkeys (Alouatta caraya) (Da Cuncha et al., 2006), 

roar or howl to try and settle conflicts without further aggressive action by judging the 

size of the enemy based on the noise. These types of displays, such as roaring and 

howling, can deter the enemy without a potentially costly physical fight, which would 

reduce unnecessary energy expenditure and the chance of injury or even death, which 

decreases the fitness of that individual.  

 A total of 14 different display behavioral events from the display behavioral class 

were observed during aggression for the Atlantic spotted dolphin. The display behavioral 

class also had the highest number of individual behavioral events. This is not 

unreasonable because individuals usually try to deter the enemy by displaying first to 

avoid wasting energy and also decreasing the chance of injury. A large repertoire of 

display behaviors can be advantageous for a species. There are a few different reasons 

that may explain why so many different display behaviors have developed in a wide 

variety of species. The “bluff hypothesis” and frequency-dependent selection are two 

possible explanations that feed off of one another (Andersson, 1980; Smith & Price, 

1973). The “bluff hypothesis” derives new display behaviors once behaviors that were 

strictly used as threats start being bluffed by less fit individuals and aggression no longer 

stops at these threat displays, warranting new displays (Andersson, 1980; Smith & Price, 

1973). Frequency dependence of a signal’s use allows old threat displays to cycle through 

and become useful again in the future because they are no longer commonly used in the 

display repertoire and truth is once again harder to decipher from a bluff (Andersson, 
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1980). One issue with the “bluff hypothesis” for dolphins is that they are intelligent 

mammals and research suggests that they are able to recognize other individuals (Sayigh 

et al., 1999; Herzing, 1996; Caldwell et al., 1990). They most likely have been exposed to 

and have observed the fighting abilities of other individuals in the population through 

past conflicts and as a result bluffing should not be allowed to evolve (Van Rhijn & 

Vodegel, 1980). Bluffing could still happen during first interactions with new individuals 

in which neither has prior experience. Some display behaviors could be easier to bluff, 

and as an animal ages their fighting ability may change and their need to bluff may 

increase or decrease. Overall, bluffing results in new display behaviors or causes others 

to persist because of frequency-dependent selection and could still happen where 

individual recognition occurs, it may just be harder.  

 The “graded signal hypothesis” (Van Rhijn, 1980) might provide another possible 

explanation for the variety of display behaviors in this population. Graded signals are 

warnings that increase in strength and signify more serious repercussions if the enemy 

does not back down (Van Rhijn, 1980). Some display behaviors may mean more serious 

consequences than others, or may signify a higher probability of attack. Depending on the 

situation or opponent, the Atlantic spotted dolphins appear to have a large repertoire of 

display behaviors to choose from during confrontations. A larger repertoire could 

possibly afford the dolphins different ways they can avoid energy costly and risky attack 

behaviors. The observation of more display behaviors may represent “graded signaling” 

in this population, but more detailed analyses of behavioral sequences and the likelihood 

of attack following these behaviors are needed. It must also be taken into consideration 

that some behaviors or signals may be going unnoticed to observers due to a dolphin’s 
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perception differing from that of a human’s. Both the “graded signal hypothesis” and 

“bluff hypothesis” provide plausible explanations for such a vast array of different 

display behaviors used by the Atlantic spotted dolphin.  

 In total, 23 different individual behavioral events were used by Atlantic spotted 

dolphins during aggression. Eighteen of these behavioral events were seen and utilized 

during both inter- and intraspecific aggression while the other five were only recorded in 

either one or the other (Table 8). The same three behavioral events, “charge”, “head-to-

head brief”, and “open mouth”, were used the most during both types of aggression. 

“Actively avoiding side-mounting”, “passive”, and “tail cavitation” were three 

behavioral events that were unique to interspecific aggression. “Actively avoiding side-

mounting” and “passive” behavioral events were only recorded during interspecific 

aggression because this was how the spotted dolphins responded to being sexually 

harassed by the bottlenose. These two behavioral events have the possibility of occurring 

during intraspecific aggression, but male spotted dolphins were never observed side-

mounting other male spotted dolphins. “S-posture” and “spinning” were two behavioral 

events unique to intraspecific aggression. Both “s-posture” and “tail-cavitation” were 

only observed once during the entire study. This could mean that they are either difficult 

behavioral events to observe, or they are behavioral events that are rarely used and may 

serve as escalated aggressive displays.   

 Atlantic spotted dolphins use a lot of the same behavioral events and vocals when 

they fight either members of their own species or when they fight the resident bottlenose 

dolphins. This suggests that they have found a way to effectively communicate during 

aggression in both circumstances. Research on bottlenose dolphin aggression suggests 



	  

	   47 

that this species uses many of the same aggressive behavioral events that the Atlantic 

spotted dolphins use. Some of the same aggressive behavioral events have been reported 

during interspecific aggression in the past with this population of Atlantic spotted 

dolphins (Herzing et al., 2003; Herzing & Johnson, 1997), with other bottlenose dolphins 

(Parsons et al., 2003; Connor et al., 1992), and with other species (Wedekin et al., 2004; 

Coscarella & Crespo, 2010; Cotter et al., 2012). The presence and use of similar 

aggressive behaviors between these two species is not too surprising. The bottlenose and 

Atlantic spotted dolphin are not only very closely related, but they also have the same 

streamlined body anatomy. With this body shape there are only so many ways the 

dolphins can contort and manipulate their bodies resulting in repetition of behaviors 

(Psarakos et al., 2003).  

 Even though there are a lot of similarities in the fighting styles of Atlantic spotted 

dolphins whether they fight intra- or interspecifically, some differences were observed.  

 

Differences 

  When comparing the three behavioral classes (display, contact, pursuit) between 

intra- and interspecific aggression, there was no significant difference in the frequency of 

both display and contact behavioral classes observed. The pursuit behavioral class was 

used significantly more during interspecific aggression than during intraspecific 

aggression. When the behavioral classes were examined separately within each type of 

aggression some differences were also seen. During interspecific aggression, Atlantic 

spotted dolphins did not use the display behavioral class significantly more than the 

contact behavioral class. During intraspecific aggression, the display behavioral class 
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was used significantly more than both the contact and pursuit behavioral classes. When 

chimpanzees fight others within their own group, the aggression is not as extreme and 

there are fewer fatalities than when they fight a different group of chimpanzees (Kaburu 

et al., 2013; Wilson & Wrangham, 2003). Chimpanzee males form coalitions when 

fighting within their own group to gain fitness advantages (Gilby et al., 2013), and when 

raiding neighboring chimpanzee communities (Mitani et al., 2010). One reason for the 

decreased severity when fighting others of the same group can be due to the fact that 

chimpanzees use strength in numbers to their advantage and often gauge their probability 

of success on the numerical strength of their opponent (Wilson et al., 2001; Wilson et al., 

2002; Wilson & Wrangham, 2003; Boesch & Boesch-Achermann, 2000). Killing 

coalitionary members during intragroup aggression would be disadvantageous and would 

decrease the chances of successfully conquering and defending a territory (Kaburu et al., 

2013). The bottlenose dolphins are larger than the Atlantic spotted dolphins, thus strength 

in numbers plays a vital role for the spotted dolphins during interspecific encounters as 

well. Both Herzing and Johnson (1997) and Cusick and Herzing (2014) found that 

spotted dolphins needed to have at least a six to one ratio over the bottlenose to place the 

aggression in their favor. Atlantic spotted dolphins may use significantly less contact 

behaviors when fighting intraspecifically due to the fact that they don’t want to risk 

injury to their fellow coalition mates that they may need to help fight the larger 

bottlenose in other aggressive encounters.   

 Not only was the pursuit behavioral class used more during interspecific 

aggression as a whole, but individually both “chasing” and “following” pursuit 

behavioral events were used significantly more during interspecific aggression. “Biting” 
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was the only contact behavioral event used significantly more during interspecific 

aggression. “Biting” is risky because it forces the Atlantic spotted dolphin to get very 

close to the bottlenose dolphins. As for the 14 different display behavioral events, none 

were used significantly differently between inter- and intraspecific aggression.   

 Chasing behavior is also used differently in other species during intraspecific 

aggression. Chasing is used differently during aggression between musthing and non-

musthing African elephants (Loxodonta africana) (Poole, 1989). Musth is a form of 

rutting behavior in elephants where males are in a heightened sexual and aggressive 

behavioral state that is physically marked by glandular secretions, urine marking, and 

vocalizing (Poole, 1987).  Chasing is used more when musthing elephants fought other 

musthing elephants compared to when an elephant in musth fought a non-musthing 

elephant (Poole, 1989). This shows that musthing elephants, those in a heightened sexual 

and aggressive state, pose a larger threat to other musthing elephants and thus a more 

costly behavior is used (Poole, 1989). A study, looking at aggression and play in olive 

baboons (Papio Anubis), found that chasing is used more during adult male aggression 

than any other category of aggression or play (Owens, 1975). Adult male baboons fight 

each other over estrous females to reproduce, and with such high stakes a more costly 

behavior is used (Owens, 1975). These studies show that a pursuit behavior is more 

prevalent when the stakes are high, as in fighting over the chance to mate.  

 Observations of interspecific aggression in the Bahamas provides an example of 

more energy costly behaviors, such as chasing, occurring during interspecific aggression. 

Contact and pursuit behaviors can be more energy costly and risky behaviors than 

display/threat behaviors. Discovering that pursuit behavioral events and “biting” are used 
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more when Atlantic spotted dolphins fight bottlenose dolphins suggests that spotted 

dolphins use more energy and take more of a risk during interspecific aggression. 

Theories on aggression in animals suggest that animals should try to avoid risky attacks 

by displaying first and avoiding fights if individuals are not evenly matched (Clutton-

Brock et al., 1979; Parker, 1974; Smith & Parker, 1976; Smith & Price, 1973). Fighting is 

energy costly and can be risky because it could result in injury or in the extreme cases 

death (Clutton-Brock et al., 1979; Parsons et al., 2003; Wilson & Wrangham 2003). 

Unless the stakes are high or a particular valuable resource is at play animals are better 

off trying to reduce these costs by avoiding conflicts that escalate into attacks.  

 

Possible Explanations for Differences  

 Differences in signal use during intra- and interspecific aggression within Atlantic 

spotted dolphins and between Atlantic spotted dolphins and bottlenose dolphins is 

interesting in and of itself. The spotted dolphins are using more energy consuming pursuit 

behaviors, biting more often, and are not using significantly more display behaviors than 

contact behaviors during interspecific aggression. If individuals put more energy into or 

take more risks during an aggressive interaction it suggests that a valuable resource is at 

stake. This then leads us to wonder, and opens pathways for future research to decipher 

what reason or resource is causing the Atlantic spotted dolphins to behave this way.  

 When two closely related species interact aggressively they are competing for 

some kind of resource: food, space, and perhaps mating opportunities. During the day 

Atlantic spotted dolphins and bottlenose dolphins do not seem to be competing for food 

resources (Malinowski, 2011). Malinowski (2011) found that bottlenose dolphins foraged 
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more often in deeper waters than the spotted dolphins and their primary prey items 

differed during the day. Herzing and Johnson (1997) also found that during 1985-1995 

only 4.8% of the interspecific encounters involved foraging behavior. These two species 

appear to partition prey species and foraging areas in this habitat and thus do not seem to 

compete for food. Interspecific aggression also does not appear to be over territories since 

they aren’t defending food sources, at least during the day, or defending a certain space 

because Cusick (2012) did not find a significant clustering of interspecific aggressive 

interactions within our study site. Without a specific clustering of aggressive encounters, 

it suggests that there is no physical boundary that separates bottlenose dolphin territory 

from spotted dolphin territory.  

 One possibility for the difference in signal use could result from fighting over 

females. Herzing and Elliser (2013) have observed copulations between both male 

bottlenose dolphins and female spotted dolphins and also male spotted dolphins with 

female bottlenose dolphins. Some calves have physical traits similar to both species and 

are suspected hybrids (Herzing et al, 2003) but genetic confirmation does not yet exist. 

Bottlenose dolphins are well known to hybridize with many other cetacean species both 

in captivity (Berube, 2002) and in the wild (Acevedo-Gutierrez, DiBerardinis, S. Larkin, 

K. Larkin, & Forestell, 2005; Herzing et al., 2003), which strengthens the possibility of 

hybridization between these two species. During this study, no difference was found in 

the frequency of sexually receptive females present during either type of aggression. 

Aggression is often used as a way for males to show off and display for females and 

defeat other males during sexual selection (Lindenfors & Tullberg, 2011; Alcock, 2009). 

This could work one of two ways. For one, Atlantic spotted dolphins could be using more 
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energy costly and risky behaviors against the bottlenose because they have to show off 

for the females. The bottlenose dolphins are larger so more energy and effort is needed to 

stand out to the females and show them that they can take on a big bottlenose male. 

Secondly, male Atlantic spotted dolphins could be using the more costly behaviors to 

defend and protect their females to prevent the bottlenose from stealing their females and 

thus reproductive opportunities.  

 Another possibility for the difference in signal use could just be a result of the 

larger size and sexual harassment by the bottlenose dolphins, forcing the spotted dolphins 

to put more energy into fending off a larger enemy. Male bottlenose dolphins sexually 

harass male spotted dolphins by side-mounting them during aggression. Sometimes more 

than one bottlenose male side-mounts a single spotted male at the same time, leaving the 

spotted at both a size and number disadvantage. The smaller spotted dolphins may have 

to compensate for the size disadvantage and try to avoid proximity by expending more 

energy during interspecific fights and performing riskier behaviors to defend themselves. 

Both synchronization (Cusick, 2012) and sheer numbers (Herzing and Johnson, 1997) aid 

the Atlantic spotted dolphins during interspecific aggression. Using more energy 

consuming and risky behaviors may just be another part of the puzzle in deciphering how 

the spotted dolphins are able to fight the bottlenose.  

 A possible unintended consequence of this side-mounting behavior could be the 

transmission of sexually transmitted diseases that could cause health issues for both 

species. Many animals have STD’s within their populations such as cattle, horses, and 

dogs (Oriel & Hayward, 1974) and dolphins do as well (Bossart et al., 2008; Rehtanz et 
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al., 2010). These diseases can cause health issues that could hinder an individual’s 

reproductive success, decreasing the individual’s fitness.   

 To date we do not know the purpose of bottlenose male-on-male side-mounting 

behavior. It could be used as an outlet for bottlenose males who are prevented from 

mating with their own females, practice for sexually inexperienced males, or a form of a 

dominance display. Indian Ocean bottlenose dolphins (Tursiops sp.) have been shown to 

sexually coerce female dolphins to mate in Shark Bay (Scott et al., 2005; Connor et al., 

1992), which means that they are dominant to the subordinate females when they mate. 

Bottlenose dolphins not only mate belly-to-belly but they also side-mount females during 

mating (Dr. S. Kuczaj, personal communication, January 22, 2016; Dr. A. Pack, personal 

communication, January 22, 2016; Reynolds et al., 2000). When they are aggressively 

coercing the female and being aggressive with other males, the same stimulus may be 

triggered and they dominate other individuals during aggression in similar ways to how 

they dominate females during mating. If the bottlenose dolphins have a limited 

dominance-establishing repertoire then side-mounting behavior may not only serve as a 

way for the bottlenose males to mate, this behavior may also be how these dolphins show 

dominance over the spotted males. There have also been reported cases of bottlenose 

dolphins killing harbor porpoises (Phocoena phocoena) in Monterey bay by blunt force 

trauma (Cotter et al., 2012). According to Dr. Daniela Maldini (personal communication, 

January 27, 2016), some harbor porpoises had scraping in the genital area and bilateral 

damage consistent with injuries inflicted on other harbor porpoises killed by bottlenose 

dolphins. These fatal assaults could be due to young males trying to defend their territory 

or they could be resorting to aggression because they cannot gain access to females due 
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to a male-skewed sex ratio (Cotter et al., 2012). If male bottlenose dolphins are defending 

their territory from the harbor porpoises, the bottlenose dolphins may not be 

differentiating between species. They may view any other dolphin-like mammal as a 

threat and challenge that threat stimulus the same way they would another bottlenose 

encroaching on their territory. If the bottlenose are not differentiating between species in 

Monterey Bay, this may explain why the bottlenose side-mount spotted dolphins. As 

previously mentioned, bottlenose dolphins may use side-mounting as a dominance 

display and Atlantic spotted dolphins are smaller in size and easier to dominate than a full 

grown bottlenose male. The spotted dolphins may just represent a smaller or juvenile 

bottlenose dolphin over which a bottlenose can assert its dominance.   

 One last possibility as to why Atlantic spotted dolphins changed their fighting 

tactic could have resulted from the interspecies barrier. Atlantic spotted dolphins did not 

use contact and display behavioral classes significantly differently during interspecific 

aggression. This could be a consequence of the bottlenose dolphins not being able to 

understand the complexities in all of the display behavioral events. The specific messages 

the spotted dolphins are trying to convey through the individual display behavioral events 

may be lost in translation. The spotted dolphins must then resort to more overt contact 

and pursuit behavioral events. Contact and pursuit behaviors may be more universal in 

the Delphinid world and more easily understood. Even though bottlenose use some of the 

same display behavioral events as the spotted dolphins (Parsons et al., 2003; Connor et 

al., 1992; Wedekin et al., 2004; Coscarella & Crespo, 2010; Cotter et al., 2012), there 

may be slight subtle differences in the display behavioral events themselves or in the 

messages they are meant to convey and thus are not as efficient to use when fighting a 
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different species. If this is the reason, then a few big questions still remain to be 

answered: at what threshold does interspecific communication break-down and to what 

extent are cross-species signals understood?  

 Overall, the Atlantic spotted dolphins may need to expend more energy and risk 

more when fighting the bottlenose dolphins for a few different reasons. They may need to 

defend their females more rigorously from male bottlenose dolphins so that they do not 

lose reproductive opportunities. They may also have to use more energy and more overt 

behaviors simply because the bottlenose are larger than they are and are sexually 

harassing them, so they need to be able to defend themselves adequately. Lastly, the 

bottlenose dolphins may not understand the subtle messages that the spotted dolphins are 

trying to convey with each individual display behavior and thus they have to revert to the 

more overt contact and pursuit behaviors.  

 

Aggression in Terrestrial Species & Aquatic Species  

 An aquatic environment provides animals with different challenges than a 

terrestrial environment. Aside from these challenges, it seems that certain terrestrial 

aggressive behaviors have persisted into the aquatic environment. For example, Atlantic 

spotted dolphins chase, bite, charge, open their mouths, and have bouts of head-to-head 

behavior. Chasing, biting, or both are observed in chimpanzees (Kaburu et al., 2013), 

elephants (Poole, 1989), birds (MacRoberts, 1970), wolves (Canis lupus) (Cubaynes et 

al., 2014; Sands & Creel 2004), Icelandic horses (Equus caballus) (Vervaecke et al., 

2007) and many others. Charging may be synonymous to “ramming” or “rushing” in 

mountain goats (Oreamnos americanus) (Geist, 1964), other bovids and cervids (Caro et 
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al., 2003), rhinoceros (Rhinocerotidae sp.) (Leuthold, 1977) and other species. 

Mammalian displays of head-to-head behavior, a “face-off”, is observed in Asian 

elephants (Elephas maximus) (Joshi, 2009), European Starlings (Sturnus vulgaris) (Keys 

& Dugatkin, 1990), red deer (Clutton-Brock, 1979), and salamanders (Plethodon sp.) 

(Thurow, 1976). Atlantic spotted dolphins also arch their bodies and contort themselves 

into s-postures. These behaviors could be used to make them appear bigger. Behaviors 

used to make one appear larger are used across the animal kingdom in animals such as 

wolves using piloerection (Sands & Creel 2004), anurans puffing up their bodies (Toledo 

et al., 2011), and Siamese fighting fish (Betta splendens) expanding their gill covers 

(Rhoad, Kalat, & Klopfer, 1975). Atlantic spotted dolphins also tail slap other dolphins 

during aggression. Terrestrial animals such as zebras (Equus burchelli) (Fischhoff et al., 

2010) and horses (Equus caballus) (Vervaecke et al., 2007; Rubenstein & Hack, 1992) 

kick with their hind legs, which could be analogous to the tail slapping behavior seen in 

the spotted dolphins.  

 Dolphins have evolved different signals due to differences in an aquatic 

environment. Atlantic spotted dolphins blow torus bubbles during aggression, and they 

breach out of the water to possibly gain more speed in which to make a stronger charge at 

another individual. Atlantic spotted dolphins have also taken advantage of the buoyancy 

in the aquatic habitat during aggression by spinning on their x axis, or swimming inverted 

which can sometimes be used as a signal or to emphasize another behavior.  
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Subset Data: Intraspecific Aggression with 1 Dolphin vs. Group  

 Five of eleven intraspecific aggressive encounters had a group of spotted dolphins 

fighting one spotted dolphin by itself. When analyzing the encounters where a group of 

spotted dolphins was fighting another group, the “group” performed a wider variety of 

behavioral events compared to when an individual spotted dolphin fought a group. 

Within the contact behavioral class the “group” performed 6 of the 7 total behavioral 

events while the “individual” dolphin only performed 2 of the 7 behavioral events. 

Within the display behavioral class the “group” performed 12 of the 14 behavioral events 

while the “individual” only performed 8 of the 14 behavioral events. The “individual” 

dolphin did perform both of the pursuit behavioral events while the “group” only 

performed 1 of the 2 behavioral events. Not only did the single dolphins perform a 

smaller range of behaviors overall but they also used a smaller range of behaviors during 

bouts of head-to-head behavior. Also, there were only 3 bouts of head-to-head behavior 

during the encounters where there was one dolphin vs. a group compared to 12 bouts 

during encounters where two groups were fighting.  

 A single dolphin is more limited by energy expenditure and the possible risk 

attributed to performing certain behaviors. Single fighters have no other individuals to 

help display or provide back up if a certain threshold is crossed and a physical attack 

occurs. Another reason the “group” may have performed a wider variety than the 

individual could just be a result of the “group” having more personalities. Many species, 

ranging from ants to chimpanzees and dolphins, have been shown to display different 

personalities (Gosling, 2001). More personalities could cause a wider variety of 
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behaviors in the “group” because if personalities differ in the spotted dolphins, 

individuals may choose to use different behaviors.  

 So why would one dolphin challenge an entire group? Within the five encounters 

in which one dolphin was challenging a group, four of the “single” dolphins were in the 

mottled age class and one was in his first year as a fused. Alliance relationships take 

shape during the mottled years and can strengthen with age (Green et al., 2011). These 

young adult males could be trying to either showcase their abilities or fine-tune their 

fighting techniques to demonstrate that they could be a vital addition to the coalition or 

alliance they were fighting.  

 

Conclusion 

 This study examined the detailed aggressive behaviors performed by Atlantic 

spotted dolphins underwater during both intraspecific aggression and interspecific 

aggression with bottlenose dolphins. During both types of aggression, Atlantic spotted 

dolphins behaved very similarly but differences were also observed. During interspecific 

aggression the spotted dolphins used more pursuit behaviors and performed more biting. 

Within interspecific aggression, there was also no significant difference in the average 

rates per min that the display and contact behavioral classes were used. This suggests 

that Atlantic spotted dolphins use more energy costly and risky behaviors when they fight 

the larger bottlenose dolphins and that this population of Atlantic spotted dolphins is 

behaviorally plastic. They may recognize the bottlenose dolphins as a different species 

and change their behaviors accordingly, demonstrating behavioral plasticity (Relyea, 

2001), which can be very adaptive.  
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 These findings have raised questions for future research to examine possible 

reasons as to why these two species are continuing to fight on Little Bahama Bank. If 

future research can find a plausible reason, this reason may offer more insight into why 

the fighting style of the Atlantic spotted dolphin differs depending on who their opponent 

is. There is also a gap in our knowledge about how or if the bottlenose dolphins change 

their fighting style when they fight inter- versus intraspecifically. If the bottlenose also 

alter their fighting style this could bring to light a whole different dynamic. These topics 

for future research can provide more insight into the social complexity that exists 

between these two sympatric Delphinid species in the Bahamas.  
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APPENDIX 

Table 1. Behavioral Ethogram showing the Behavioral Classes and Behavioral Events within the classes. 

Behavioral 
Classes 

Behavioral 
Events 

Description 

Display   
 Arch Dolphin(s) body is in a crescent shape, usually stationary, 

but mouth may be open and pectoral fins may be moving. 
 S posture Dolphin(s) body is arched so that rostrum is up, body is 

down, and flukes are up. 
 Bout of Head to 

head 
Dolphin(s) orients its head to the head of another 
dolphin(s). Can be in motion or stationary position. But it 
lasts for 3 or more seconds.  

 Brief Head to head  Dolphin(s) orients its head to the head of another 
dolphin(s). Can be in motion or stationary position. But is 
very quick and lasts for less than 3 seconds.  

 Jaw clap Dolphin(s) may open and shut jaw(s) rapidly, directed at a 
dolphin(s).   

 Jerk Dolphin(s) moves head horizontally in quick motion, 
usually to one side. (Or) Dolphin moves body side to side. 

 Bubbles Dolphin(s) creates bubble ring underwater, which floats 
towards surface. 
(Or) Dolphin(s) produces a burst of bubbles.  

 Tail Cavitation Dolphin(s) slams tail making a large bubble formation. 
 Breach Dolphin(s) leaps out of the water. 
 Inverted posture Dolphin(s) is turned upside down, but doesn’t have to be 

chasing or swimming. 
 Passive Dolphin(s) lies still in the water column while not moving. 
 Open mouth Dolphin(s) displays with mouth open directed at another 

dolphin(s).  
 Perpendicular Pass Dolphin(s) swims straight across and in front of a 

dolphin(s).  
 Spin Dolphin(s) turns on its horizontal axis underwater.  
Pursuit    
 Chase  Dolphin(s) pursues another dolphin.  
 Follow Dolphin(s) slowly swims with or trails another dolphin(s).  
Contact    
 Charge  When one or more individuals swim directly at another 

individual and may or may not make contact. 
 Hold down Dolphin, or group of dolphins, restrains another dolphin(s) 

on the bottom.  
 Bite Dolphin(s) clamps jaws down on or rakes with its teeth on 

any part of the body of another dolphin(s). 
 Tail slap Dolphin(s) strikes another dolphin with its tail.  
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 Push Dolphin(s) shoves another with rostrum or other body part. 
 Rolling Dolphin(s) tussling in a tight ball, hard to differentiate 

behaviors.  
 Actively Avoiding 

Side-mounting 
Dolphin(s) are swimming away or fighting to get free of 
being side-mounted by bottlenose dolphins.  

Vocal Signals   
 Buzz Series of low-frequency, high repetition rate clicks.  
 Squawk A broad-band vocalization with a discrete tonal sound. 
 Other conflict 

vocals  
Not a buzz or a squawk, but some other vocal type 
occurring during aggressive encounters.  

Miscellaneous 
Behaviors 

  

 Surfacing Dolphin(s) comes to the surface to breath. 
 Configuration 

change 
When the group size of the focal group changes. (i.e. more 
individuals add to group, group disperses) 
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Table 2. Behavioral events that occurred during bouts of Head-to-Head behavior for both Interspecific and 
Intraspecific aggression, and behaviors that occurred during bouts of head-to-head behavior for both 
intraspecific aggression with one dolphin and a group. 

Behavioral Class Interspecific & Intraspecific  Intraspecific with one 
dolphin & a group 

Display 
Behaviors 

Open mouth, Jaw clap, Inverted 
posture, Jerk, Arch, Bubbles 

Open mouth, Jerk, Arch 

Vocals Squawk, Other conflict vocals, Buzz Squawk 
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Table 3. Duration times for this study’s dataset of encounters. There were a total of 22 videos analyzed; 
eleven for interspecific aggression and 11 for intraspecific aggression. 

Type of Aggression Total Time Time Analyzed 
Interspecific 169 min & 18 sec 106 min & 29 sec 
Intraspecific 125 min & 38 sec 75 min & 41 sec 

 
Type of Aggression Shortest Encounter 

Duration 
Longest Encounter  

Duration 
Interspecific 2 min & 44 sec 15 min & 13 sec 
Intraspecific 3 min & 36 sec 15 min & 28 sec 
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Table 4.	  Reliability analysis results for inter- and intra-rater reliability. Pearson’s r values higher than 0.70 
were considered strong reliability. 	  

Reliability Performed Tolerance Window Pearson’s r Correlation 
Intra-rater for Interspecific 1 sec 0.97 
Intra-rater for Interspecific 1 sec 0.96 
Intra-rater for Intraspecific 1 sec 0.98 
Intra-rater for Intraspecific  1 sec 0.97 
   
Inter-rater for Interspecific 1 sec 0.97 
Inter-rater for Interspecific 1 sec 0.79 
Inter-rater for Intraspecific 1 sec 0.86 
Inter-rater for Intraspecific  1 sec 0.79 
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Table 5. This table shows the statistical test results for the behavioral events being compared between inter- 
and intraspecific aggression. This table also shows the statistical test results for the behavioral events that 
were compared between intraspecific aggression with 1 dolphin vs. a group. The * behavioral events are 
those that were analyzed using an Independent samples t-test, while all others were Mann-Whitney U tests. 
The italicized and underlined behaviors are the behaviors that were used significantly differently. 

Interspecific vs. Intraspecific 
Behavior Test Statistic p Value 
*Charge t(20)= .631 p = .535 
Tail slap U= 51.500 p = .570 
Rolling  U= 58.000 p = .893 
Hold down U= 50.000 p = .462 
Push U= 53.000 p = .610 
Breach U= 59.000 p = .945 
*Head-to-head Brief t(20)= -1.086 p = .291 
Head-to-head bout U= 57.000 p = .844 
Open mouth U= 58.000 p = .898 
Jaw clap U= 42.000 p = .214 
Perpendicular pass U= 46.000 p = .311 
Bubbles U= 49.000 p = .420 
Jerk U= 53.000 p = .646 
Arch U= 38.500 p = .115 
Inverted posture U= 41.000 p = .200 
Biting U=28.000 p = .024 
Chasing U=14.000 p = .001 
Following U=11.000 p <.0001 
Intraspecific Aggression: 1 Dolphin vs. Group 
Behavior Test Statistic p Value 
*Charge t(8)= .525 p = .614 
Push U= 12.000 p = 1.000 
Chase U= 10.000 p = .683 
*Head-to-head Brief t(8)= 1.578 p = .153 
Head-to-head bout U= 5.500 p = .175 
Jaw clap U= 7.000 p = .286 
Perpendicular pass U= 7.000 p = .286 
Jerk U= 9.000 p = .508 
*Inverted posture t(8)= .509 p = .624 
Arching U=3.500 p(one-tailed) = .032 
*Open mouth t(8)= -2.258 p(one-tailed) = .027 
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Table 6. Statistical test results for the four different group size analyses. 

Group Sizes Analyzed	   Test Statistic	   p value	  
4 or less  
5 to 8 
10 + 

Inter: χ2(2)=3.103 
Intra: χ2(2)=3.064	  

Inter p= .232 
Intra p= .231 

6 or less 
7 + 

Inter: U= 10.000 
Intra: t(9)= .407	  

Inter p= .429 
Intra p= .693 

9 or less 
10 + 

Inter: t(9)= 1.333 
Intra: U= 2.000	  

Inter p= .215 
Intra p= .145 

3 or less 
4 + 

Inter: U= 4.000 
Intra: t(9)= -.165	  

Inter p= .133 
Intra p= .872 
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Table 7. Statistical test results for analyzing behavioral classes within a certain type of aggression, not 
comparing between different types. All p values with an asterisk are significant. For the p values that are 
less than .05 but have no asterisk, they are not significant because the p value had a Bonferroni correction 
applied due to the nature of the statistical test. For these p values the significance level was changed to ≤ 
.016.   

Interspecific	  or	  
Intraspecific	  

What	  was	  
analyzed	  

Test	  
Statistic	  

	  p	  value	  

Intraspecific	   Behavioral	  classes	   χ2(2)=26.487	   *p<.0001	  
Interspecific	   Behavioral	  classes	   χ2(2)=15.928	   *p<.0001	  
Intraspecific	  	   Display	  vs.	  Contact	   U=5.000	   *p<.0001	  
Interspecific	   Display	  vs.	  Contact	   U=26.00	     p=.023	  
Intraspecific	  	   Display	  vs.	  Pursuit	   U=.000	   *p<.0001	  
Interspecific	   Display	  vs.	  Pursuit	   U=5.000	   *p<.0001	  
Intraspecific	  	   Contact	  vs.	  Pursuit	   U=4.000	   *p<.0001	  
Interspecific	   Contact	  vs.	  Pursuit	   U=25.000	     p=.019	  
Intraspecific	  one	  
dolphin	  or	  a	  group	  

What	  was	  
analyzed	  

Test	  
Statistic	  

	  p	  value	  

One	  dolphin	   Behavioral	  classes	   χ2(2)=9.689	   *p=.002	  
Group	   Behavioral	  classes	   χ2(2)=12.522	   *p<.0001	  
One	  dolphin	   Display	  vs.	  Contact	   U=0.000 *p=.008	  
Group	   Display	  vs.	  Contact	   U=0.000 *p=.008	  
One	  dolphin	   Display	  vs.	  Pursuit	   U=1.000 *p=.016 
Group	   Display	  vs.	  Pursuit	   U=0.000 *p=.008 
One	  dolphin	  	   Contact	  vs.	  Pursuit	  	   U=5.000   p=.143 
Group	   Contact	  vs.	  Pursuit	  	   U=0.000 *p=.008 
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Table 8. Behavioral events observed during either both types of aggression, only Interspecific, or only 
Intraspecific. HèH represents Head-to-Head. 

Interspecific	  &	  
Intraspecific	  

Interspecific	   Intraspecific	  

Arch	   	   Actively	  Avoiding	  Side-‐mounting	   S-‐posture	  
Bout	  of	  HèH	   	   Passive	   Spinning	  
Brief	  HèH	   	   Tail	  Cavitation	   	  
Jaw	  Clap	   	   	   	  
Jerk	   	   	   	  
Bubbles	   	   	   	  
Breach	   	   	   	  
Inverted	  Posture	   	   	   	  
Open	  mouth	   	   	   	  
Perpendicular	  Pass	   	   	   	  
Chase	   	   	   	  
Follow	   	   	   	  
Charge	   	   	   	  
Hold	  Down	   	   	   	  
Bite	   	   	   	  
Tail	  Slap	   	   	   	  
Push	   	   	   	  
Rolling	   	   	   	  
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Figure 1. The Wild Dolphin Project's study site on Little Bahama Bank, Grand Bahama, the Bahamas 
(Cusick, 2012). 

 
 



	  

	   70 

	  
Figure 2. The average rates per min for all behavioral events during encounters for both intraspecific and 
interspecific aggression. The Interspecific average behavioral rate is represented in blue, and intraspecific 
in red. Overall, when the average behavioral rates were compared, there was no significant difference 
between inter- and intraspecific aggression.  

Type of Aggression 



	  

	   71 

	  
	  
Figure 3. The mean rate per minute (RPM) for each of the 3 behavioral classes observed during 
Interspecific aggression. During interspecific aggression, the display behavioral class was used 
significantly more than the pursuit behavioral class, as designated by the red stars. But there were no 
significant differences in the usage of display and contact behavioral classes or the contact and pursuit 
behavioral classes.  
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Figure 4. The mean rate per minute (RPM) for each of the 3 behavioral classes observed during 
Intraspecific aggression. All three behavioral classes were used significantly differently, as designated by 
the red stars. The display behavioral class was used the most, followed by contact, and pursuit behavioral 
class was used the least.  
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Figure 5. This graph shows the mean rate per minute that each behavioral class was used during both 
interspecific and intraspecific aggression. Interspecific is represented by the blue and intraspecific by the 
red. The only behavioral class that differed in usage between the two types of aggression was the Pursuit 
behavioral class. The pursuit behavioral class was used significantly more during interspecific aggression 
than intraspecific aggression. Significance is designated by the red stars.  

	  



	  

	   74 

	  
Figure 6. The mean rate per minute (RPM) for the “Action” behavioral class compared to the mean rate per 
minute (RPM) for the display behavioral class during intraspecific aggression. The “Action” class is a 
combination of the contact and pursuit behavioral classes. During interspecific aggression, the display 
behavioral class was used significantly more than the “Action” behavioral class, as designated by the red 
stars. 
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Figure 7. The mean rate per minute (RPM) for the "Action" behavioral class compared to the mean rate per 
minute (RPM) for the display behavioral class during intraspecific aggression. The “Action” class is a 
combination of the contact and pursuit behavioral classes.  The display behavioral class was used 
significantly more than the “Action” behavioral class during intraspecific aggression. Red stars designate 
significance.  
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Figure 8. This chart compares the mean rate per minute of use for the “Action” behavioral class for both 
interspecific and intraspecific aggression. The “Action” behavioral class was used significantly more 
during interspecific aggression than during intraspecific aggression. Red stars designate significance. 
Interspecific is in the blue and intraspecific in the red. 
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Figure 9. The average percentage of time that the three different types of vocals were heard during 
Intraspecific aggression. There were no significant differences among the types of vocalizations used. 
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Figure 10. The average percentage of time that the three different types of vocals were heard during 
Interspecific aggression. There were no significant differences among the types of vocalizations used. 
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Figure 11. The mean rate per minute (RPM) for each of the 3 behavioral classes observed during 
Intraspecific aggression while analyzing “1 Dolphin”. The display behavioral class was used significantly 
more than the contact behavioral class, designated by the blue stars. The display behavioral class was also 
used significantly more than the pursuit behavioral class, designated by the red stars. There was no 
significant difference between the contact and pursuit behavioral classes.  
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Figure 12. The mean rate per minute (RPM) for each of the 3 behavioral classes observed during 
Intraspecific aggression while analyzing the “Group”. All three behavioral classes were used significantly 
differently, as designated by the red stars. The display behavioral class was used the most, followed by 
contact, and the pursuit behavioral class was used the least. 
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Figure 13. This graph shows the mean rate per minute that each behavioral class was used during both 
intraspecific aggression with 1 Dolphin and with the Group. Intraspecific with “1 dolphin” is represented 
by the grey and intraspecific with the “Group” by the green. There were no significant differences in the 
usage between intraspecific aggression with “1 dolphin” or a “Group” for any of the 3 behavioral classes. 	  
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Figure 14. The mean rate per minute (RPM) for the "Action" behavioral class compared to the mean rate 
per minute (RPM) for the display behavioral class for 1 dolphin. The “Action” class is a combination of the 
contact and pursuit behavioral classes.  The display behavioral class was used significantly more than the 
“Action” behavioral class. Significance designated by the red stars.  
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Figure 15. The mean rate per minute (RPM) for the "Action" behavioral class compared to the mean rate 
per minute (RPM) for the display behavioral class for the “Group”. The “Action” class is a combination of 
the contact and pursuit behavioral classes. The display behavioral class was used significantly more than 
the “Action” behavioral class. Significance designated by the red stars. 
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Figure 16. This chart compares the mean rate per minute of use for the “Action” behavioral class for both 
intraspecific aggression with one dolphin and intraspecific aggression with a group. There was no 
significant difference between “1 dolphin” and “Group” for the mean rpm of usage for the “Action” 
behavioral class. “One dolphin” is represented in the grey and the “Group” is in the green. 
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Intraspecific 
≥ 75% 

charge <== hold down  
rolling begin <== other conflict vocal end 

open mouth <== follow 
arch <== s-posture	  

≥ 50% 
squawk begin <== tail slap 
charge <== perpend. pass 

*charge <== rolling begin 
open mouth <== tail slap 

jerk <== spin	  

≥ 25% 
buzz begin <== bite 
charge <== breach 
*charge <== push 

*hh brief <== charge 
hh brief <== open mouth 
hh bout start <== bubbles 

open mouth <== push 
open mouth <== hh bout end 

*jaw clap <== jaw clap 
perpend. pass <== perpend. pass  

	  

Interspecific 
≥ 75% 

surface <== tail cavitation 

≥ 50% 
N/A 

≥ 25% 
surface <== bubbles 
surface <== follow 

charge <== bite  
*charge <== rolling begin 

*charge <== push 
bite <== rolling end 

*hh brief <== charge 
open mouth <== rolling end 

*jaw clap <== jaw clap 
follow <== rolling begin 

config. change <== hh bout start  
config. change <== perpend. pass 

surface <== other conflict vocals end 
surface <== squawk/buzz end 

config. change <== squawk/buzz end 
 

Figure 17. The above figure shows the results of a lag sequential analysis for behavioral events 
performed by Atlantic spotted dolphins during both interspecific and intraspecific aggression. Above 
lists the behavioral events that preceded other behavioral events at a 25% or higher probability. The 
behavioral event pairs that are bolded, italicized, and starred are pairs that had high probabilities 
during both interspecific and intraspecific aggression.  
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Figure 18. The above figure shows the results of a lag sequential analysis for the behavioral classes and 
some behavioral states performed by Atlantic spotted dolphins during both interspecific and intraspecific 
aggression. Above lists the behavioral classes that preceded other behavioral classes at a 25% or higher 
probability. The behavioral class pairs that are bolded, italicized, and starred are pairs that had high 
probabilities during both interspecific and intraspecific aggression.  

Intraspecific 

≥ 75% 
contact <== vocals end  

≥ 50% 
*display <== hh bout end 

*display <== contact 
*display <== display 

≥ 25% 
vocals start <== configuration 

change  
*vocals end <== surface 
*contact <== rolling end  

display <== pursuit 
vocals start <== pursuit 

	  

Interspecific 
≥ 75% 

N/A 

≥ 50% 
*display <== hh bout end  

≥	  25%	  
*vocals end <== surface 

vocals end <== rolling end  
*contact <== rolling end  
display <== rolling end  
*display <== contact 
*display <== display 
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1 Dolphin 
≥ 75% 

charge <== push 
chase <== other conflict vocal end 

≥ 50% 
charge <== jaw clap 
hh brief <== charge 

*hh brief <== jaw clap 
hh bout start <== arch 
open mouth <== follow  
open mouth <== arch 
jerk <== hh bout end	  

≥ 25% 
buzz begin <== hh bout end 
buzz end <== hh bout start 

*squawk end <== hh bout start 
*charge <== surface  
charge <== hh brief 

charge <== hh bout start 
charge  <== jerk 

surface <== squawk begin  
*charge  <== squawk end	  

Group 
≥ 75% 

charge <== rolling begin 
charge <== hold down  

rolling begin <== other conflict vocals end 
open mouth <== bite 
arch <== s-posture  

≥ 50% 
squawk begin <== tail slap 
charge <== perpend. pass 
open mouth <== tail slap 

open mouth <== push 

≥	  25%	  
squawk begin <== spin 
squawk end <== surface 
squawk end <== push 

charge <== breach 
charge <==hh brief 
hh brief <== charge  

hh bout start <== spin 
open mouth <==hh bout start  

open mouth <== jerk 
jaw clap <== jaw clap 

perpend. pass <== perpend. pass  
bubbles<== spin 

 

Figure 19.	  The above figure shows the results of a lag sequential analysis for behavioral events 
performed by Atlantic spotted dolphins during both intraspecific aggression with one dolphin and 
with a group. Above lists the behavioral events that preceded other behavioral events at a 25% or 
higher probability. The behavioral event pairs that are bolded, italicized, and starred are pairs that 
had high probabilities during both intraspecific aggression with one dolphin and with a group.	  
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1 Dolphin 

≥ 75% 
N/A 

≥ 50% 
*display <== hh bout end 

*display <== contact	  

≥ 25% 
vocals start <== hh bout end 

vocals start <== pursuit 
contact <== display 
contact <== surface  

*display <== pursuit 
*display <== display 

display  <== vocals start  

Group 

≥ 75% 
contact <== vocals end 

≥ 50% 
vocals end <== surface 

*display <== hh bout end 
*display <== contact 
*display <== display  

≥	  25%	  
contact <== pursuit 
*display<== pursuit 

 

Figure 20.	  The above figure shows the results of a lag sequential analysis for the behavioral 
classes and some behavioral states performed by Atlantic spotted dolphins during both 
intraspecific aggression with one dolphins and a group. Above lists the behavioral classes 
that preceded other behavioral classes at a 25% or higher probability. The behavioral class 
pairs that are bolded, italicized, and starred are pairs that had high probabilities during both 
intraspecific aggression with one dolphin and with a group.	  
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Intraspecific 
≥ 75% 

hold down ==> open mouth  
other conflict vocal end ==> rolling end   

follow ==> open mouth  
s-posture ==> arch	  

≥ 50% 
tail slap ==> charge  
breach ==> charge  

tail slap ==> hh bout start  

≥ 25% 
perpend. pass ==>  buzz end  

*hh brief ==> charge 
hh bout end ==> squawk end 

hh bout end ==> surface 
rolling begin  ==> rolling end  

push ==> hh brief  
perpend. pass ==>  hh brief  

push ==> open mouth  
*hh brief ==> open mouth  

hh bout start ==> open mouth  
jerk ==> open mouth  

chase ==> open mouth  
*jaw clap ==> jaw clap 

perpend. pass ==> perpend. pass  
bite ==> chase 

squawk end ==> surface 
	  

Interspecific 
≥ 75% 

tail cavitation ==> charge  

≥ 50% 
hold down ==> squawk end 
squawk/buzz start==> chase 

≥ 25% 
bubbles ==> other conflict vocal end  

rolling begin ==> bite 
rolling begin  ==> open mouth  

rolling end ==> hh brief  
*hh brief ==> charge  

*hh brief ==> open mouth  
hh bout start ==> jaw clap  

*jaw clap ==> jaw clap 
rolling end ==> chase 
buzz end ==> surface 

other conflict vocal end ==> surface 
 

Figure 21. The above figure shows the results of a lag sequential analysis for behavioral events 
performed by Atlantic spotted dolphins during both interspecific and intraspecific aggression. Above 
lists the behavioral events that followed other behavioral events at a 25% or higher probability. The 
behavioral event pairs that are bolded, italicized, and starred are pairs that had high probabilities during 
both interspecific and intraspecific aggression.	  
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Figure 22.The above figure shows the results of a lag sequential analysis for the behavioral classes and 
some behavioral states performed by Atlantic spotted dolphins during both interspecific and intraspecific 
aggression. Above lists the behavioral classes that followed other behavioral classes at a 25% or higher 
probability. The behavioral class pairs that are bolded, italicized, and starred are pairs that had high 
probabilities during both interspecific and intraspecific aggression. 

Intraspecific 

≥ 75% 
vocals end ==>  rolling end   

≥ 50% 
pursuit ==> display  

*display ==>  display 

≥ 25% 
surface ==> vocals start  

rolling end ==> vocals end 
hh bout end ==> vocals end 

hh bout end ==>  surface 
surface ==>  display  

*rolling end ==>  display  
*configuration change ==>  display  

*contact ==>  display  
*vocals start==>  display  

 

Interspecific 
≥ 75% 

N/A 

≥ 50% 
rolling end ==> display  

*configuration change ==>  display  

≥	  25%	  
surface ==> vocals end 
hh bout end ==> contact 

display ==> contact 
rolling end ==> pursuit 
*contact ==>  display  

*vocals start==>  display 
*display ==>  display 
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1 Dolphin 

≥ 75% 
push ==> perpend. pass  

≥ 50% 
hh bout end ==> buzz begin 

arch ==> squawk begin 
follow ==> squawk end 
*hh brief ==> charge 
jaw clap ==> charge 
follow ==> charge 

hh bout start ==> open mouth  
jaw clap ==> perpend. pass 

arch ==>  jerk 
other conflict vocal end ==> surface 
 other conflict vocal begin ==> chase  

≥ 25% 
charge ==> hh brief  

hh bout end ==> follow 
hh bout start ==> arch 

squawk end ==> surface 
squawk begin ==> chase 

hh brief ==> surface 
chase ==> surface 
jerk  ==> hh brief  

	  

Group 

≥ 75% 
hold down ==> open mouth  

other conflict vocal end ==> rolling end    
s-posture ==> arch 

bite ==> chase 

≥ 50% 
*hh brief ==> charge 
tail slap ==> charge  

hh bout start ==>  tail slap 
push ==> open mouth   

≥ 25% 
bubbles ==> other conflict vocal end  

perpend. pass ==> buzz end  
push ==> squawk begin 

inverted posture ==> squawk end 
spin ==> jaw clap 

perpend. pass ==> hh brief  
jerk ==> open mouth 

inverted posture ==>  open mouth 
spin ==> open mouth 
jaw clap ==> jaw clap 

inverted posture ==>  jaw clap 
perpend. pass ==> perpend. pass  

spin ==> inverted posture  

Figure 23.	  The above figure shows the results of a lag sequential analysis for behavioral events 
performed by Atlantic spotted dolphins during both intraspecific aggression with one dolphin and with a 
group. Above lists the behavioral events that followed other behavioral events at a 25% or higher 
probability. The behavioral event pairs that are bolded, italicized, and starred are pairs that had high 
probabilities during both intraspecific aggression with one dolphin and with a group.	  
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Figure 24. The above figure shows the results of a lag sequential analysis for the behavioral classes and 
some behavioral states performed by Atlantic spotted dolphins during both intraspecific aggression with 
one dolphins and a group. Above lists the behavioral classes that followed other behavioral classes at a 
25% or higher probability. The behavioral class pairs that are bolded, italicized, and starred are pairs that 
had high probabilities during both intraspecific aggression with one dolphin and with a group.

1 Dolphin 

≥ 75% 
N/A 

≥ 50% 
hh bout end ==> vocals start 

≥ 25% 
*contact ==>  display  

*vocals start==>  display  
*pursuit ==> vocals end 

display ==>  contact 
hh bout end ==> pursuit 

*surface ==> display  
*display ==>  display 

vocals end ==>  surface 
vocals end ==> display  

 
 
 

Group 

≥ 75% 
vocals end ==>  rolling end   

≥ 50% 
rolling end ==> display  
*display ==>  display 

≥	  25%	  
surface ==> vocals start 
*surface ==> display  

*pursuit ==> vocals end 
hh bout end ==> display 
*contact ==>  display 
pursuit ==> display  

*vocals start==>  display     
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Figure 25. This chart represents the average rate per minute that each behavioral event was observed during both interspecific and intraspecific 
aggression. Interspecific is in the red and intraspecific is in the blue. The behavioral events marked with a black asterisk were used 
significantly differently between the two types of aggression. Biting, chasing, and following were all used significantly more during 
interspecific aggression. (h-h represents head-to-head, perp pass represents perpendicular pass, and activ avoid represents actively avoiding 
side-mounting). 
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Figure 26. This chart represents the average rate per minute that each behavioral event was observed during intraspecific aggression with one dolphin 
and with the group. Intraspecific with one dolphin is in the blue and intraspecific with the group is in the red. The behavioral events marked with a 
black asterisk were used significantly differently between intraspecific aggression with “1 dolphin” vs. intraspecific aggression with a “Group’. Open 
mouth and arching were both used significantly more during intraspecific aggression with a “Group”. (h-h represents head-to-head, perp pass represents 
perpendicular pass, and activ avoid represents actively avoiding side-mounting).
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