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ABSTRACT 
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 I examined summer home range use of Atlantic spotted dolphins in the 

Bahamas from 1991-2004. Home ranges for 86 dolphins using the 95% Fixed Kernel 

Density (FKD) estimator averaged 62.0 km
2
 ± 22.96 km

2
 and ranged from 24.8 km

2
 to 

148.4 km
2
. Older animals and males had the largest ranges. Home range size did not vary 

with female reproductive status. Core areas were defined by the 50% FKD contour and 

averaged 10.32 km
2 

 ± 5.47 km
2
.  

 Habitat use was different between reproductive states for females. Non-

reproductively active (NRA) females used deeper habitat. Behavioral use of the home 

range varied spatially. The core area was an important foraging area for males and 

reproductively active females. NRA females foraged more outside their core area 

compared to the core area. 
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INTRODUCTION 

 

Understanding the movement patterns and distribution of a population allows 

insight into its ecology and evolutionary patterns (Hooker et al., 2002).  To understand 

spatial components of movement patterns, home range estimates of individuals can be 

calculated. Home range is broadly defined as the area traversed by an individual for 

activities of finding food, mates and caring for young (Burt 1943). The concept of home 

ranges has been around for nearly a century when Seton (1909) observed that “no wild 

animal roams at random over the country, each has a home-region, even if it has not an 

actual home.”  Home ranges are an important ecological aspect of a species as it is 

indicative of the space required by an animal to meet its needs under a given set of 

constraints, such as resource availability (Flores & Bazzalo 2004). The study of home 

ranges can illuminate aspects of territoriality, social and mating systems, foraging 

ecology, communication, and life history traits (Hooker et al., 2002).  Animals generally 

use space disproportionately within their home range, with areas of increased intensity of 

use identified as “core areas” (Dixon & Chapman 1980). The core area may provide 

greater protection from predators as well as a more reliable food source (Samuel et al., 

1985). 

By  studying marine mammal home ranges in combination with core areas, 

researchers can identify areas of critical habitat, including important foraging areas and
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 breeding grounds. An animal’s home range typically represents a heterogeneous 

environment where areas rich in resources are scattered throughout areas poor in 

resources (Karczmarski et al., 2000).  Species habitat preferences are generally related t

 distribution of prey (Learmonth et al., 2006) and studies have shown that dolphins occur 

more frequently in their primary feeding grounds (Ballance 1992; Karcizmarksi et al., 

2000).  Understanding space-use requirements and areas of increased importance are 

essential to determine potential impacts and necessary conservation management. This is 

particularly important for marine mammals, who are at-risk from the potential effects of 

global (Simmond & Issac 2007) and anthropogenic impacts, including habitat loss, 

pollution, fish stock depletion, and by incidental catches (Flores & Bazzalo 2004).  

The goal of this thesis was to describe home range use for a community of 

Atlantic spotted dolphins Stenella frontalis in the Bahamas. While home ranges of 

terrestrial animals, particularly mammals, have been well-studied, studies on cetaceans 

are far less common. This is partly due to difficulty in tracking marine animals 

continuously, and thus obtaining adequate sample sizes (Urian et al., 2009). Additionally, 

studying dolphin behavior in the wild is inherently difficult (Hastie 2004) and most 

research relies on interpolation between the surface and underwater behavior (Allen et al., 

2001).  The unique underwater nature of this study allowed location data collected for 

each individual dolphin sighting to be coupled with corresponding behavior and habitat 

type. Therefore I was able to examine not only the size, but the use and function of 

dolphin home ranges.  

Cetacean Home Ranges 
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Many cetacean studies have shown that home range patterns, including size and 

use are influenced by prey distribution (Flores & Bazzalo 2004; Hung & Jefferson 2004; 

Elwen et al., 2006; Parra 2006).  The onshore-offshore movement of Heaviiside’s 

dolphins Cephalorhynchus heavisidii is assumed to follow the movements of their 

principal prey item (Elwen et al., 2006).  A similar pattern of offshore movement to feed 

on vertically migrating fish in deeper offshore waters was seen in Dusky dolphins 

Lagenorhynchus obscurus (Benoit-Bird et al., 2004) and spinner dolphins Stenella 

longirostris in Hawaii (Lammers 2004) and New Zealand (Norris & Dohl 1980). Inshore 

use is likely for rest, socializing, and potentially reduced predation levels (Lammers 

2004; Elwen et al., 2006). Flores and Bazzalo (2004) suggested that seasonal variation in 

space-use within home ranges for the marine tuxuci Sotalia. fluviatilis is related to prey 

distribution as well; dolphins spend more time near their core area during the summer for 

greater protection and food gathering.  

Previous work on cetacean home range studies have focused on resident coastal 

populations, including bottlenose dolphins Tursiops truncatus (Wells et al., 1980; 

Gubbins 2002; Urian et al., 2009), C. hectori in New Zealand (Rayment et al., 2009), 

Indo-Pacific humpback dolphins Sousa chinensis and snubfin dolphins Orcaella 

heinsohni off the coast of Queensland, Australia (Parra 2006), S. chinensis in the Pearl 

River Estuary off the coast of the People’s Republic of China (Hung &Jefferson 2004), 

C.  heavisidii off the coast of southern Africa (Elwen ., 2006) and S.  fluviatilis  in Brazil 

(Flores & Bazzalo 2004).  Bottlenose dolphins are among the most well-studied of 

species, with long term studies occurring in Sarasota Bay, Florida (Wells et al., 1980), a 
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South Carolina estuary (Gubbins 2002), San Diego, California (Defran et al., 1999) and 

Shark Bay, Australia (Connor & Smolker 1985).   

Around the globe, bottlenose dolphins exhibit high variability in their home 

ranges. For example, while dolphins in the inland waterways of Sarasota Bay have well-

defined and relatively permanent home ranges (Wells et al., 1987), the Pacific bottlenose 

dolphins occur in open coastline habitats and are highly mobile utilizing an extensive 

range from Ensenada, Baja California to Monterey Bay, California (Defran & Weller 

1999; Defran et al., 1999). Defran et al. (1999) suggested that differences in home ranges 

are likely due to differing habitat structure and environmental variables, including prey 

distribution.  

The study of core areas within a home range provides researchers with a better 

understanding of home range use, by indicating areas of increased intensity of use.  The 

use of core areas has been seen in a variety of marine mammal species including: orcas 

Orcinus orca (Hauser et al .,2007), bottlenose dolphins (Gubbins 2002; Blasi & Boitani 

2012), snubfin dolphins (Parra 2006) and humpback dolphins (Parra 2006). Core areas 

probably indicate higher concentrations of important resources (food, mates, and shelter) 

relative to peripheral areas (Powell 2000).   In a study on bottlenose dolphins, the core 

area was confirmed as a key feeding and resting area (Blasi & Boitani 2012). For both the 

snubfin and humpback dolphins in the coastal waters of Australia, foraging and traveling 

were the dominant behavioral activities within the core area (Parra 2006).   

While many studies examine function of the core area, few have examined 

function of the outside core area “peripheral areas” of a home range. Seamann & Powell 
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(1990) suggested that peripheral areas may be for traveling between disjoint core areas, 

because they contain crucial resources that are used less intensively, or because animals 

must continually explore for new resources. In West African chimpanzees Pan 

troglodytes, individual differences in home range size were entirely due to difference in 

usage of peripheral areas (Lehmann & Boesch 2005). Lehmann & Boesch (2005) 

suggested that male chimpanzees enlarge home ranges toward peripheral areas to 

increase food availability, copulation opportunities, or defend the community range 

against neighboring communities. To my knowledge, peripheral area use has not been 

examined for dolphin home range studies.  

An animal must exhibit site-fidelity in order to have a home range (Spencer et al., 

1990; Hooge 1995). Fidelity is the tendency for an animal to remain within the same area 

for an extended period of time (White & Garrott 1990). Bottlenose dolphins have 

exhibited varying patterns in fidelity around the world. In Sarasota Bay, bottlenose 

dolphins exhibit long-term site fidelity, with females exhibiting a higher degree of site 

fidelity to an area (Wells 1986; Cambell et al., 2002). In contrast, bottlenose dolphins 

occurring at an atoll in Belize are a mix of both residents and transient (Cambell et al., 

2002).  On LBB, high re-sighting rates of spotted dolphins indicate strong site-fidelity, 

with many animals being seen every year, and others with only one or two years missing 

(Elliser 2010).  

Influence of Sex, Age, Reproductive Status 

 

Mating systems influence home range size and spacing patterns (Ostfeld et al., 

1990). The location and size of home ranges of reproductive female determines the 
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mating strategy available to males (Ribble & Stanely 1998).   While female ranges have 

been shown to be most influenced by food availability, male home ranges are influenced 

by female ranges (Ferguson et al ., 2009). Males often travel further for increased 

reproductive opportunity (Cedarland & Sand 1994). Larger home ranges for males was 

reported for several mammalian carnivores, including bears (Reynolds & Beecham 1980; 

Dahle & Sweson 2003a), ocelots (Dillon & Kelly 2008), seals (Austin et al., 2004)  

bobcats (Ferguson et al., 2009) and cougars (Dickson & Beier 2002).   

In many dolphin populations, which are also thought to have a promiscuous 

mating system (Wells et al., 2000), males have larger home ranges and disperse farther 

than females to maximize reproductive success (Greenwood 1980; Dobson 1982; 

Smolker et al., 1992; Quintana-Rizzo & Wells 2001; Krützen et al,. 2004; Rayment et al., 

2009).For cetaceans, larger ranges for males have been reported in in bottlenose whales 

Hyperoodon ampullatus by Hooker et al.,  (2002) and for bottlenose dolphins by Wells et 

al. (1990).  

Ecological theory suggests that home range size should increase with body size 

(Lindstedt et al., 1986). Body size and energy requirements dictate the amount of energy 

needed to maintain an individual. The abundance, distribution, and availability of these 

resources will determine the size of an area which will meet these requirements (Ballance 

1992). Numerous studies have concluded that older animals have significantly larger 

home ranges. Older animals have greater energetic demands than juveniles relative to 

their body size and weight. Older animals also use larger area to ensure access to more 

mates (Cedarland & Sand, 1994). A strong positive relationship between body weight and 
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home range area has been shown for lizards (Perry & Garland 2002), birds (Jenkins 

1981) and terrestrial mammals (Lindstedt et al., 1986) including primates (Milton & May 

1976; Harvey & Clutton-Brock 1981 ). In a study by Swihart et al., (1988) data from 23 

species were used to analyze home ranges; for all species, home range area was 

positively related to body mass. A positive correlation between home range size and body 

size has also been shown in marine vertebrates including the Heaviside’s dolphin C. 

heavisidii, a small coastal delphinid (Elwen et al., 2006) and lemon sharks (Morrissey & 

Gruber 1993)  

 There are many examples in terrestrial mammals demonstrating how range and 

habitat use change with reproductive status (Seindensticker 1976; Tufto et al., 1996; 

Dahle & Swenson 2003b).  Females with young may have reduced ranges compared to 

solitary females due to limited mobility of calves restricting the mother’s movements 

(Dahle & Swenson 2003a) or to reduce encounters with potential predators (Dahle & 

Sweson, 2003b).  Reduced ranges for females with calves have been reported for bears 

(Alt et al., 1980; Moyer et al., 2007; Dahle & Swenson 2003a) as well as in tigers 

(Seindensticker 1976). An opposing theory is that females with young may also have 

expanded ranges to meet their increased energetic demands (Stendstedt et al., 1986). 

Lactating mammals have the highest energetic costs of all other mature adults (reviewed 

by Bernard & Hohn 1989).  Several studies have shown that animals during the breeding 

season or during oestrous have expanded ranges, including brown bears (Dahle & 

Swenson 2003a), roe deer during the rut season (Tufto et al., 1986), and alligators 

(Rootes & Chabreck 1993).  
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Number of Sightings  
 

Calculation of home range is sensitive to the number of sightings of an individual 

(Cameron & Spencer 1985; Seaman et al., 1999) as well as the estimation technique 

being used (Worton 1989; Powell 2000; Gitzen & Millspaugh 2003; Urian et al., 2009). 

Generally, home range area increases with an increase in location points (Urian et al., 

2009). Home range calculations have been shown to be most reliable with 100 or more 

locations (Samuel &Fuller 1996). In a study reviewing the effects of sample size on 

kernel methods, Seaman et al., (1999) found that a minimum of 30 observations per 

animal, (but preferably > 50) is necessary for accurate results.  For many cetacean field 

studies, obtaining this many sightings can be difficult. Gubbins (2002) used a minimum 

sighting number of 20 per individuals, while Hung and Jefferson (2004) used 10 per 

individual, and Rayment et al. (2009) used 15. One method to determine how many 

locations are needed is to plot home range area against sequentially obtained locations 

until the curve becomes asymptotic (Harris et al., 1990). Flores and Bazzalo (2004) used 

this technique and found approximately 30 sightings necessary for their data. The number 

of sightings needed to determine individual home range for an animal is not a set value 

and likely dependent on the population being studied. 

 

Home Range Calculation  

 

Several methods exist to calculate a home range including, kernel density 

estimators, Minimum Convex Polygon (MCP), Harmonic Mean, and Local Convex Hull. 

The MCP is the oldest, simplest, and most frequently used technique to calculate home 
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ranges (Harris et al., 1990). One advantage of the MCP is that it is the only method 

directly comparable between studies. However, the range boundary encompasses all 

points, and is therefore very sensitive to outliers (Harris et al., 1990).).  Additionally, 

there is no indication of intensity of use within the home range (Harris et al., 1990). The 

harmonic mean method is used to determine one or more centers of activity and home 

range size. Harmonic mean is also difficult to compare between studies, because 

computers programs may use different algorithms for calculations (Harris et al., 1990). 

 Kernel density estimators are non-parametric techniques that estimate that 

likelihood of finding an animal at any given point with the home range (Seaman & 

Powell 1996) and are currently the most popular statistical approach to characterizing and 

visualizing animal home ranges (Laver & Kelly 2008; Kie et al., 2010). Density 

estimators provide an indication of intensity of use within the home range known as the 

utilization distribution (UD) (Urian at el., 2009).  For kernel methods, a kernel 

(probability density) is placed over each observation point in the sample (Seaman and 

Powell 1996). Kernel methods are either adaptive (the kernel width increased as the 

distance between kernels increases) or fixed (always the same kernel width). While 

adaptive kernels have been used in cetacean home range studies (Gubbins, 2002), it is 

considered to perform poorly, often over-estimating home range areas (Powell 2000; 

Kernohan et al., 2001). The fixed-kernel method provides the most accurate estimates of 

home ranges (Seaman & Powell, 1996; Powell, 2000; Jorgensen et al,. 2002) and has 

been used in a variety of home range studies of mammals including: ocelots (Dillon & 

Kelley, 2008), cougars (Dickson & Beier 2002), primates (Janmaat et al., 2009), dugongs 

(Dugong dugon) (Sheppard et al., 2010), Hector's dolphins (Rayment et al., 2010), 
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snubfin (Orcaella heinsohni) and Indo-Pacific humpback dolphins (Parra 2006),  belugas 

(Hobbs et al., 2005), and harbor seals (Bjorge et al., 2002). The 95% density contour is 

commonly used to describe the entire area used by an animal, and the 50% kernel contour 

is used to describe the core area (Hooge et al., 1999; Urian et al., 2009) (Figure 3).  

 

Bandwidth  
 

When using the kernel estimators, choosing the correct smoothing parameter, or 

width of kernels, is critical. A different smoothing parameter or bandwidth (h) applied to 

the same data affects the shape and smoothness of the estimated UD and home range size 

(Seaman & Powell 1996). Narrow kernels reveal small-scale detail of the data structure, 

while wide kernels reveal general shape of the distribution (Seaman & Powell 1996). 

Worton (1989) compared two automated approaches of determining h and found that the 

least-squares cross validation (LSCV) was better than the ad hoc method of choosing the 

optimum h value, which tends to over smooth data. The LSCV examines different h and 

chooses the one that gives the least error, or difference between the unknown true density 

function and the kernel density estimate (Seaman &Powell 1996). Where possible, a user-

defined and subjectively chosen smoothing factor (Worton, 1989) may be a better 

alternative to automated methods for smoothing (Collins et al., 2005)  

 

Location Data 
 

To calculate home ranges, a variety of techniques exist to obtain GPS location 

data for marine animals, including radio-tacking, visual identification, recapture studies, 
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and satellite telemetry (Harris et al., 1990; Elwen et al., 2006). Satellite telemetry 

provides continuous 24 hour tracking, and has been used in studies on belugas (Suydam 

et al., 2001), harbor porpoise (Phocoena phocoena) (Read & Westgate 1997), and 

Heaviiside’s dolphins (Elwen et al., 2006). Sample sizes are often much smaller due to 

costs of tags, and the time-frame is limited to the life of the tag. For photo-identification 

methods, GPS locations are obtained by visually identifying animals encountered during 

surveying. This method has been used to study ranges of several different delphinids 

(bottlenose: Gubbins, 2002; Ballance, 1992; snubfin: Parra, 2006; humpback: Parra, 

2006; marine tucuxi: Flores & Bazzalo 2004). Larger sample sizes and long-term tracking 

of individuals allows for information gathered on sex, age, social structure. Long-term 

photo-identification studies of bottlenose dolphins have reported the influence of 

different life histories on home range patterns (Scott et al., 1990; Wells et al., 1980).  

 

Atlantic Spotted Dolphins  
 

A community of Atlantic spotted dolphins (Stenella frontalis) has been studied 

since 1985 on Little Bahama Bank (LBB) near Grand Bahama Island. Long-term 

underwater data collection by the Wild Dolphin Project has revealed much about their 

life-history (Herzing 1997), communication and vocalizations (Herzing 1996; Au and 

Herzing, 2003; Lammers et al., 2003; Herzing 2004), behavior and development (Miles 

& Herzing 2003; Bender et al., 2008 ), interspecific interactions (Herzing & Johnson 

1997; Herzing et al., 2003; Cusick 2012), social structure (Welsh & Herzing 2008; Elliser 
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2010), paternal relationships (Green et al., 2011) as well as prey use and nutrition 

(Malinowski 2011). 

On LBB, three main clusters (northern, central, southern) of spotted dolphins have 

been shown to exist, within a larger single community (Welsh 2007; Green 2008; Elliser 

2010).   A community is defined as a group of dolphins that includes both sexes, showing 

long-term site fidelity, relatively high association between members, low association with 

neighboring individuals, and share similar habitat and feeding habits (Rossbach & 

Herzing, 1999). Clusters are defined by geographic ranging patterns, association patterns, 

and phenotypes (Welsh 2007).  Microsatellite genotypes indicate that the clusters are 

genetically distinct from each other (Green 2008) and multi-dimensional scaling has 

proved the existence of the three distinct clusters socially (Elliser 2010).  The three 

clusters are not considered separate communities because they are not behaviorally self-

contained, individuals of different clusters have been sighted together, and there is a great 

degree of geographic overlap among all three clusters (Welsh 2007; Elliser 2010). 

Roughly 100 dolphins live in the LBB community at a given time (Herzing ). The central 

cluster is the largest, with approximately 50 individuals. The northern and central clusters 

are both smaller, with approximately 25 individuals each.  

Atlantic spotted dolphins live in a fission-fusion society, much like many 

bottlenose dolphin communities (Connor et al., 2000; Welsh & Herzing 2008). In a 

fission-fusion society individuals associate in small groups  in which composition 

changes several times per day (White 1992; Lusseau et al., 2003).  This community of 

spotted dolphins exhibits association patterns similar to other bottlenose communities 
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(Connor et al., 2000a; Elliser 2010) where strongest associations occur between the same 

age and sex classes (Elliser 2010). Females remain in their natal group and have strong 

association with other females in similar reproductive states (Elliser 2010).  Males form 

long term alliances and shorter term coalitions (Elliser 2010).   

  

Objectives 

  

The overall goal of this study was to better describe home ranges of Atlantic 

spotted dolphins in the Bahamas.  Specific objectives were to: (1) describe and compare 

the home ranges of the three clusters on LBB; including size and habitat use 2) examine 

the influence of sex, age class, and reproductive status on home range size and use; (3) 

determine if habitat use and behavior differ between the core and outside core area.. 
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METHODS 

Study Area  
 

 LBB is the northernmost sandbank, primarily made of calcium carbonate, in the 

archipelago of the Bahamas nation. (Figure 1)  The study area spans 60 km north to south 

and 8 km east to west. This area is an unprotected shallow sand bank (6-16 m depth), 

with depth increasing from south to north.  On the western border, there is a steep drop-

off to over 500 m deep into the Gulf Stream.  

 The bank is characterized by clear, shallow and warm waters (around 30 ° C) 

(Herzing 1996) providing a relatively safe environment from predators for spotted 

dolphins. Average visibility is greater than or equal to 30 meters (Herzing 1996). Sand is 

the dominant bottom type, with scattered patches of seagrass, composed primarily of 

turtle grass (Thalassia testudium). Rock and reef habitat border the edge the bank.  

Effort was not evenly distributed throughout every area due to physical attributes 

of the environment as well as rough weather which prohibit boat surveys. This type of 

varied effort is evident in other cetacean home range studies (Parra  2006; Urian et al., 

2009; Oshima et al., 201) 

 

WDP Data Collection 
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WDP has collected data on these spotted dolphins every summer (May – 

September) since 1985. Surveying was conducted from the WDP vessel, Stenella, a 20-m 

power catamaran,  in all but severe weather conditions from 0700-2000 daily.  While 

surveying, information was collected on location, cloud cover, water temperature, and sea 

state every two hours.  

 Once a dolphin was sighted, group size was determined from the surface. A group 

was defined as all dolphins in sight, moving in the same direction, typically involved in 

the same activity (Shane 1990).  When possible, researchers entered the water with an 

underwater video camera with an attached hydrophone to document underwater behavior, 

and an underwater camera for photo identification. Ad lib sampling and behavioral event 

methods were used to collect behavioral data. Data from sighting sheets included date, 

time, habitat type, depth, GPS location, group size, group composition, behaviors 

observed, and duration of encounter. Bottom type was categorized as: (1) sand, (2) 

sand/grass, (3) grass, (4) reef, and (5) rock. Behaviors were categorized as foraging, 

aggression, travel, play, or courtship.  

 Sex, age class, female reproductive status and individual identification have been 

determined for spotted dolphins in this community and are tracked and updated 

seasonally. Individuals were identified using spot patterns and body marks. Coloration, 

scars, and any nicks or notches out of the dorsal fin, pectoral fins, or flukes were also 

used to make positive identifications. Sex was determined by direct observation of the 

genital region. Females were identified by mammary slits and males were identified by 

the presence of a gap between the genital slit and anus, or by observation of an erection. 

Females were identified by the presence of a nursing calf and subsequent observation of 
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cow/calf pairs (Herzing & Johnson, 1997). Approximately 20 known mother-calf 

relationships have been genetically confirmed by miscrosatellite DNA analysis (Green et 

al., 2011).  Reproductively active females are those either lactating or pregnant.  

 Color phase and multi-year tracking was used to describe the age class of 

individuals (Herzing 1997).  Age class is broken into four color phases originally 

described by Perrin (1970) for Stenella attenuta and modified by Herzing (1997) for 

Stenella frontalis: two-tone (1-3 years), speckled (4-8 years), mottled (9-15 years) and 

fused (16 + years). Two-tones are calves, speckled are juveniles, mottled and fused age 

classes are both adults, mottled are sub-adult and fused are older adults (Herzing 1997).  

Age class was tracked and updated for every individual each field season.  

 

Data Analyses 

 

 

To determine the minimum number of sightings needed for this study, 14 

individuals with the highest number of sightings were chosen to conduct an area-

observation curve (Figure 3).  Home ranges were calculated using an increasing number 

of randomly chosen points from the overall home range in increments of 10. Preliminary 

results showed that while home range increased with sample size, the curve did not 

become asymptotic. A minimum number of 30 was chosen because variation in home 

range size started to decrease, despite continually increasing. This was determined by 

comparing the mean home range of each individual using all points to the home range of 

each individual at the different increments, and determining where the difference between 

the two were smallest. Flores and Bazazlo (2004) use this technique and also used a 
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minimum sighting per individual of 30. For dolphins seen more than once per day, only 

one sighting per day, chosen randomly, was used in order to maximize statistical 

independence and reduce autocorrelation effects (Gubbins 2002; Urian et al., 2009). All 

range and home range calculations were done in ArcGIS 9.2 and 10, using Hawth’s Tools 

extension program (Beyer 2004).  

To determine smoothing parameter, the frequently used least-squared cross-

validation and h-ref methods were tested in Arcview 3.3 with the Animal Movement 

extension. Both methods produced unrealistic results, including over-estimation and 

jagged edges. Hawth’s Tools extension program does not allow users to select a 

predefined smoothing parameter. Using 10 randomly chosen individuals, home ranges 

were calculated with different bandwidth values ranging over several magnitudes of order 

ranging from 10-1500.  A value of 1000 was chosen, which provided the most amount of 

smoothing at the lowest bandwidth value.  

Individual lifetime home ranges were calculated for all individuals of all clusters 

that met the minimum sighting number of 30. Both the 100% MCP and 95% FKD 

estimators were used for comparative purposes. Non-parametric tests were used as data 

did not meet assumption for normality (Zar 1999). A  Kruskal-Wallis One-Way Analysis 

of Variance was used to test for significant differences in size and depth among clusters. 

A Mann-Whitney U test was used to examine significance in home range size between 

the two methods.  

To examine the influence of different life histories on home range size and use, 

comparisons were made between sex (males and females), age class (speckled, mottled 

and fused), and female reproductive status (reproductively active and non-reproductively 
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active) . Only dolphins of the larger and more frequently monitored central cluster were 

used in analyses.  For individual dolphins, home ranges were calculated using the FKD 

method, at both the 95% and 50% contour level. Due to a limited sample size of certain 

reproductive statuses, the minimum sighting requirement was lowered to 15 to include 

more dolphins in the analyses. While lower than the preferred minimum number of 30, 20 

or fewer locations has been used in previous home range studies on bottlenose dolphins 

(Gubbins 2002; Hung & Jefferson, 2004; Parra 2006). The ratio of the 50% to 95% 

contour was calculated to determine the proportional size of core area within home 

ranges. In all cases, to test for differences in size between sexes and reproductive status a 

Mann-Whitney U test was performed. To compare across the three age classes for each 

sex, a Kruskal-Wallis test used.  

To determine if the core area was different from the outside core area, habitat 

(depth and bottom type) and behavior were compared between the core area and outside 

core area. A chi square test was used to test for significant difference in habitat type 

between the core and outside core area for different life history categories. Depth was 

also calculated for core areas and outside core areas for all life histories. To test for 

significance differences in depth between the core and outside core area, a Mann-

Whitney U test was used. A chi square test was used to determine significance in 

behavioral states between the core and outside core area for all life history groups.  
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RESULTS 

 

Cluster Home Ranges 
 

 The 95% FKD home range estimates for the 86 resident spotted dolphins ranged 

from 24.8 km
2
 to 148.4 km

2 
and averaged 62.0 km

2
 ± 22.96 km

2 
(Table 1).  Core use 

areas were apparent for all dolphins in this study. Average core area size was 10.32 km
2 

 

± 5.47 km
2
 and represented an average of 16.5% of the total home range.  

Figure 3 shows the three cluster home ranges on LBB.  Southern cluster dolphins 

had significantly larger average home range sizes compared to dolphins of the northern 

and central clusters (P=.002) (Tables 3). Home ranges of the southern cluster were deeper 

in water and had a more varied bottom type than both the northern and central clusters 

(Figures 6,7).  

Average home range size for individual dolphins was larger using the MCP 

technique compared to the FKD by approximately 141% (Table 3).  Average depth and 

habitat use were similar between the two methods for all clusters (Figures 8, 9).  

 

Influence of Sex, Age Class, and Reproductive Status on Home range Size
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 Tables 5 and 6 show individual home ranges for different life history groups. 

Males and older animals had the largest home ranges and core areas. Significant 

differences were found for sex and age class comparisons, suggesting these factors do 

influence home range size (Tables 7, 8). Male home ranges were roughly 21% larger than 

females and extended further east (Figure 10).  There was no significant difference in 

home range size and core area size between reproductively active and NRA females 

(Table 10).  

Home Range Habitat Use: Depth and Bottom Type 

 

Significant differences in bottom type were found between the core and outside 

core area for males, females and different reproductive states (Table 11).  For both sexes 

and reproductive states, the core area was predominately sand, while the outside area was 

a variety of sand, sand/grass, and rock (Figures 11,12 ). The core area was shallower than 

the outside core area for all life history stages (Figures 13,14). NRA females had a 

significantly deeper outside core area compared to reproductively active female (P 

<.0001) (Table 12).  

Core Function: Behavior Inside and Outside the Core 

 

Figures 16 and 17 show the frequency of different behavioral states (aggression, 

courtship, foraging, travel, play) in the core and outside core area for different life history 

groups.  For males and reproductively active females, foraging occurred significantly 

more in the core area compared to the outside core area (Table 13).  NRA females 
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foraged more outside the core area compared to the core area. Male aggression was 

higher outside the core area compared to the core area. 
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DISCUSSION 

Cluster Analyses 

 

Spotted dolphins on LBB existed in three smaller social clusters within a single 

community.  The difference in area and ranging pattern for the three clusters may be 

explained by a variety a factors including prey distribution, risk from predators, as well as 

mating opportunities (Parra 2006).  The central cluster had the greatest number of 

individuals, with a home range primarily in the northern region of the study area. The 

northern cluster stayed almost exclusively in the northern region. Green et al. (2011) 

showed through genetic analysis that males sire offspring within their own cluster, but 

also with adjacent clusters. With fewer potential mates in the southern region of the bank, 

males of the southern cluster may travel further north to seek out increased mating 

opportunities with northern and central females. For both males and females, courtship 

behavior occurred in roughly equal portions of the southern cluster range, 35% for the 

northern region and 31% for the southern region. For males alone, 86% of observed 

courtship behavior took place in the north, while only 14% took place in the south.  

Spotted dolphins of the southern cluster have more sand/grass and rock habitats 

within their home ranges, as compared to the predominately sand habitat of the northern 

and central clusters. Primary prey items for spotted dolphins include lizardfish, which are 

associated with a sandy bottom type (Malinowski 2011). Dolphins of the southern cluster 
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may be traveling further north to seek out preferred prey items, suggesting that habitat 

type is an important driver of home range use. Torres & Read (2009) suggested that 

dolphins seek out habitat that suite their foraging ability, rather than adopting new 

foraging behavior. Future studies should examine prey selection among the three clusters 

to determine whether or not southern dolphins have similar prey use.  

LBB is home to several large predator species, including adult tiger sharks 

(Galeocerdo cuvier), hammerheads (Sphyrna spp.), and bull sharks (Carcharhinus 

leucas), known predators of both spotted and bottlenose dolphins (Herzing 2004).  In 

general, predation is considered an important factor that affects dolphin ecology, social 

structure, and behavior (Norris & Dohl 1980). Tiger sharks are predators of delphinids in 

other areas, and tiger shark predation risk has been shown to influence bottlenose dolphin 

habitat use in Shark Bay, Australia (Heithaus et al., 2001). It is possible that home range 

patterns of these spotted dolphins on the bank are influenced by predation risk. Future 

studies looking at space-use patterns and movement patterns of sharks in the Bahamas 

would help elucidate the influence of predation risk on spotted dolphin habitat use and 

movement patterns.   

 

Sex Differences 
 

 For this study, males had larger home ranges than females, by approximately 

21%. Larger ranges for males are consistent with other dolphin home range studies 

(Gubbins 2002; Scott et al., 1990). Gubbins (2002) reported larger ranges for males by 

approximately 13%.  Mammals frequently exhibit inter-sexual differences in home 
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ranges, explained by different selection pressures (Loveridge et al., 2009). Female 

reproductive success is linked to finding food and avoiding predators, while male 

reproductive success centered on finding mates (Mann et al., 1999). Therefore, female 

ranging behavior should be shaped around distribution of resources, while male ranges 

should be shaped by the distribution of females (Loveridge et al., 2009). If spotted 

dolphins of LBB have larger ranges, and males typically have larger ranges, we would 

also expect then that the difference in home range size to be greater compared to other 

studies.  

It has also been suggested than males have larger home ranges to support larger 

body size (Dahle &Swenson 2003b).  Atlantic spotted dolphin display no obvious sexual 

dimorphism between sexes, thus searching for additional foraging resources to support a 

larger body size is not a probable cause for difference in home range size between sexes. 

Malinowski (2011) showed that there is no difference in prey use between sexes, 

suggesting that males are not traveling further to seek out different prey items. A genetic 

study by Green et al. (2011) revealed that female spotted dolphins on Little Bahama Bank 

have higher levels of genetic structuring when compared to males, indicating a general 

pattern of male dispersal and female philopatry. Paternity testing has revealed that males 

of the central cluster have sired offspring from within their cluster and adjacent clusters 

(Green et al., 2011).  Therefore, the larger home range size in males may be explained by 

the need to seek out increased reproductive opportunities by traveling further to 

encounter more receptive females.  
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Male and female home ranges were highly overlapping. Males had regions on the 

edge of their home ranges where females never occurred. Female ranges were completely 

contained within the boundaries of male home ranges.  It is possible that larger home 

ranges for males are explained by more than a need to seek out more mating 

opportunities. On LBB spotted dolphins live sympatrically with the relatively larger 

Atlantic bottlenose dolphin, where they are observed interacting approximately 15% of 

the time (Herzing & Johnson 1997).  34.9% of those mixed encounters are aggressive in 

nature (Herzing & Johnson 1997). A hybrid calf between spotted and bottlenose dolphins 

was reported on Great Bahama Bank (Herzing et al., 2003). Despite overlapping 

geographic ranges, hybrids between spotted and bottlenose dolphins have not yet been 

observed on LBB. Bottlenose males have the opportunity to mate with spotted females, 

and have been observed doing so. Whether or not, or how often, hybrids are produced is 

unknown (Herzing & Johnson 1997). Results from this study showed that male 

aggression occurred more in the outside core area compared to the core area. Of those 

aggressive encounters outside the core area, 80% were mixed species encounters with 

bottlenose dolphins. It is possible male coalitions patrol the edges of their home ranges to 

defend against and ward off intruding bottlenose dolphins, thereby preventing 

inappropriate mating between species. The need to have ranges that contain female 

ranges would result in larger male home ranges, as seen in this study.   

 

Age Class 
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For both males and females, adult spotted dolphins had significantly larger home 

ranges compared to juveniles, and males had the overall largest range. For males and 

females, fused individuals had the largest home range, followed by mottled individuals 

and then speckled individuals. Using color phase as a general proxy for age, this suggests 

that home range size increases with age and size.  Previous studies have reported 

differences in home range use among age classes. Male subadult bottlenose dolphins in 

Sarasota, Florida had slightly smaller home ranges compared to adult males, and males 

had more wide-ranging patterns relative to females (Scott et al., 1990). Hooker et al. 

(2002) also found that female and juvenile bottlenose whales (Hyperodon ampullatus) 

had the smallest ranges, and mature males had slightly smaller home ranges than sub-

adult males. Hung and Jefferson (2004) reported smaller ranges for potentially younger 

mottled and specked humpback dolphins compared to the spotted and unspotted adults.  

Most studies of mammalian species have concluded that older animals have significantly 

larger home ranges, as they have greater energetic demand than juveniles relative to size 

and body weight. Additionally, older males may use a larger area to access more potential 

mates and increased reproductive success (Cedarland & Sand, 1994). A study on 

mountain lions reported that prey abundance was a weak indicator of home range size; 

while the strongest indicators of home range size were sex and body mass (Grigione 

2003). This suggests that size and sex are also strong indicators of home range size.  

 

Reproductive Status 
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In this study home range sizes were similar for both reproductively active and 

non-reproductively active spotted dolphin females.  We might expect that spotted 

dolphins to have restricted ranges due to predation risks from tiger sharks or expanded 

ranges to meet increased energetic demands of lactating. Lactating mammals have the 

highest energetic costs of all other mature adults (reviewed by Bernard & Hohn 1989).  

Studies on terrestrial mammals have shown that females with young may have reduced 

ranges compared to solitary females due to limited mobility of calves restricting the 

mother’s movements (Dahle & Swenson, 2003a) or to reduce encounters with potential 

predators (Dahle & Swenson 2003b).  Studies on bottlenose have reported variable 

results relating reproductive status to home range size. Female bottlenose dolphins with 

calves in Sarasota Bay, Florida had larger ranges (Wells 1980) while in Shark Bay, 

Australia, lactating females did not alter their ranges (Watson 2005).   On LBB, 

reproductively-active females and NRA females had mostly overlapping home ranges. 

NRA females had areas of their home range where reproductively active females were 

never found, suggesting a difference in home range use.   

NRA females used deeper areas outside their core area compared to 

reproductively active females. Shallow water may allow mothers and calves to better 

detect and avoid predators (Mann et al., 1999). Female dolphins may also stay in 

shallower water on the sandbank while teaching calves how to forage as reported by 

Bender et al. (2008). Difference in habitat use due to reproductive status has been seen in 

other marine mammals, such as humpback whales off the coast of Hawaii during their 

wintering grounds (Craig & Herman 2000).  In Shark Bay, Australia female reproductive 



28 

status was predicted by water depth.  Results showed that female reproductive success 

declined by 1/10
 
of one calf for each 3.5 m increase in depth.  

Core area function differed between NRA and reproductively active females. 

NRA females had more foraging outside their core area compared to their core area, 

while the opposite was true for reproductively active females. Without the restraints of a 

calf, NRA female dolphins may travel into deeper waters outside the core area to exploit 

a different prey item otherwise less available to them. Malinowski (2011) reported that 

reproductively active females, particularly lactating females, had different prey selection 

than NRA females. Additionally, adult females teach their calves how to forage in the 

sand, which would require reproductively active females to forage in an area of a reliable 

and primary prey item.  

Female dolphins may not necessarily expand or restrict their home range 

depending on reproductive status, but rather utilize different areas depending on need. 

When looking at the influence of reproductive status on home ranges, results from this 

study show that comparing difference in home range size may not be the only variable to 

consider. Examining habitat and behavior within a home range may further explain 

differences and variation 

 

Core Function 
 

 Spotted dolphins in this study showed core area use within their home ranges. The 

50% FKD contour represented the core area, and encompassed anywhere from 10% - 

26% of the total home range. Results suggest that the core area is important foraging area 
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for males and females of all age classes (except NRA females). In all cases, the core area 

accounted for anywhere from 79%-87% of all diurnal foraging events. This supports the 

current theory that the core area is an important area for resources. Parra (2006) found 

that for snubfin dolphins there was no difference in the occurrence of foraging, traveling, 

and socializing between the core and outside core area. Humpback dolphins foraged more 

inside the core and traveled more outside the core.  

Comparison to other studies 
 

Spotted dolphin home range sizes in this study showed similar trends as reported 

in other coastal delphinid communities, such as a high degree of variability in individual 

home ranges, as well as highly overlapping ranges among individuals. For comparative 

purposes, home ranges using the MCP method showed that spotted dolphins had larger 

average home ranges (141.0 km
2
) compared to other cetacean species in similar multi-

year studies (Table 14). Using the MCP technique, Hung and Jefferson (2004) reported 

an average summer home range estimate of 99.5 km
2 

for Indo-Pacific humpback dolphins 

over a 7 year time frame. Bottlenose dolphins in a South Carolina estuary had an average 

home range size of only 40.76 km
2
 (Gubbins 2002). Another study on bottlenose 

dolphins reported average home range size of 47.72 km
2
 in an estuary off the West coast 

of Ireland (Ingram & Rogan, 2002). Watson (2005) reported that the global average for 

bottlenose dolphins at 87.1 km
2
, using MCP technique. Spotted dolphins are small and 

slender dolphins approximately 2.2-2.5 m in length, smaller than bottlenose and 

humpback dolphins. In this case, unlike terrestrial mammals (Swihart et al., 1988 )  

increased body size does not correlate to increased home range across species. Body size 
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does not explain why spotted dolphins have larger ranges compared to other larger 

delphinid species.  

The habitat characteristics and prey density on the bank may be one possible 

explanation as to the greater home ranges in spotted dolphins. Average depth on Little 

Bahama Bank is 6-16 m in depth, which allows for easy travel throughout the entirety of 

the region. As such, home ranges may not be constrained by shallow water and land. 

Coastal animals, such as bottlenose dolphins inhabiting estuaries and shallow bays may 

limit movement with tidal fluctuations and be restricted to corridors. Shallow areas have 

been shown to restrict the vertical movement of bottlenose dolphins occurring in Sarasota 

Bay (Scott 1990). Prey density is sparse on LBB, and spotted dolphins may use larger 

ranges to find enough foraging opportunities. A study on lions reported an inverse 

relationship between pride home range size and prey biomass within a home range 

(Loveridge et al., 2009).  

At approximately 100 individuals in the community at a given time, dolphin 

density in the area is .22 km
-2

. Compared to other study sites, this is a relatively low 

density (Shane et al., 1986; Wells, et al., 1987; Smoker et al., 1992). Watson (2005) 

showed that as dolphin density increased, home ranges got smaller. A study on bottlenose 

dolphins in the Northern Adriactic sea also reported low dolphin densities, and larger 

estimated home ranges relative to other studies (Bearzi et al., 1997). Additionally, low 

dolphin density may be related to habitat quality (Shane et al., 1986) which may explain 

why spotted dolphins have larger home ranges despite their smaller size.  
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Spotted dolphins have substantially smaller ranges than would be expected for a 

similarly-sized terrestrial carnivore.  Home ranges have been well-studied for terrestrial 

mammals, particularly for carnivores. It is interesting to consider how spotted dolphins 

compare, as a marine carnivore. Using data from 700 publications, Kelt and Van Vuren 

(2001) re-developed a log-linear model comparing 279 species in 189 genera to 

determine the allometric relationship of home range size and body size, by diet.  They 

found that carnivores had larger home ranges than similarly sized omnivores, which had 

larger ranges than herbivores. Using an estimate from Kelt’s and Van Vuren’s (2001) 

paper, Watson (2005) showed that a dolphin weighing an average of 194 kg, should have 

an expected MCP home range of roughly 1000 km
2
. Watson (2005) subsequently 

discussed how are these aquatic mammals able to use considerably smaller ranges 

compared to terrestrial carnivores.  Comparing and contrasting the aquatic and terrestrial 

ecosystems has inspired much speculation (Shurin et al., 2006). Shurin et al., (2006) 

suggested that differences in food webs between the two environments are driven by the 

growth rate, size, and nutritional quality of autotrophs. Perhaps to make a comparison in 

home range size of mammals, a quantitative measure of productivity must first be 

considered and controlled. Maybe a more appropriate measure of aquatic home ranges is 

a three-dimensional home range volume (Watson 2005). In the future, a log-linear model 

for marine mammals should be developed to help understand how aquatic and terrestrial 

mammal home ranges compare. To do so, an increased number of studies on aquatic 

mammal home ranges is first necessary, with representatives of varying size and diets.  
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Limitations 
 

 Home ranges reported for spotted dolphins on LBB may be slightly 

underestimated, as they represent daytime ranges. Spotted dolphins venture into deep 

water off the edge of the bank at night to feed on nocturnal vertically migrating squid and 

pelagic schooling fish (Herzing 1996) and the western edge of the bank drops off quickly 

into deep water of the gulfstream. Nighttime observations of spotted dolphins locate them 

generally within 6.5 km of the bank. Therefore, home range extent may be several 

kilometers greater east-to- west.  

 Home ranges reported for this study were during May-September, representing 

summer ranges. Several studies have reported seasonal movements in mid-Atlantic 

coastal bottlenose dolphins corresponding to sea surface temperatures (Barco et al. 1999; 

Mead & Potter 1990; Torres & Urban 2005; Urian et al., 1999).  Surveying during winter 

months is difficult due to weather conditions; opportunistic trips have been made every 

other month of the year, and positive identification matches have been made, confirming 

year round residency of spotted dolphins on LBB (D. Herzing, unpublished data). It is 

possible home range size and use would be different during the winter. Seasonal shifts in 

home range use have been seen in other dolphin species due to changes in prey 

distribution (Flores & Bazzalo 2004). Bahamas are not likely to experience seasonal 

changes in fish and squid communities to the extent of more temperate regions 

(Malinowski 2011) making changes in home range size and use due to changes in prey 

distribution unlikely.  
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Conclusion & Significance 
 

This study has allowed for a more complete understanding of the space-use 

patterns of spotted dolphins on Little Bahama Bank, and the many factors influencing 

home range patterns.  While factors influencing home range size and use have been 

intensely studied in the terrestrial environment, these factors are less understood for the 

marine environment.  Long-term data collection has allowed for detailed knowledge of 

individuals and life history, making comparisons across different life-history groups 

possible. Additionally, the unique element of underwater observation paired with location 

data, behavior and bottom type, allowed for a detailed analysis of home range and space-

use patterns, including differences in function of the core and outside core areas. This 

study has shown that home ranges for the three clusters of spotted dolphins on Little 

Bahama Bank differed in range distribution, size, depth, and habitat type, which may be a 

result of mating opportunities and habitat type.  This study has also shown that different 

life history stages influence home range size. Like other mammalian studies, older 

dolphins and males had the largest ranges. Lastly, this study demonstrated that the core 

area and outside core area, or peripheral areas, had different functions. While many 

studies show the importance of the core area, this study also demonstrated how the 

peripheral areas of the home range were also important. Similar to other studies, the core 

area is likely an important area for foraging and decreased predation risk. In this study we 

see that the outside core area has a possible social function for male, defending resources 

from the sympatric bottlenose dolphins.  
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Table 1: Home range size for individual dolphins on Little Bahama Bank using the 95% 

and 50% Fixed Kernel density (FKD) technique and the 100% Minimum Convex 

Polygon (MCP) 

  

      Number  
95% 

FKD  

50% 

FKD 
  

100% 

MCP 

Animal 

  

of range  range 50%95%  
range 

size  

ID Sex Cluster 
 

Sightings 
(km

2
) (km

2
) 

FKD 

ratio 
(km

2
) 

Barb F N 95 34.03 6.24 18.33 36.1 

Blossom F N 35 27.34 6.22 22.76 12.81 

Brush F N 71 37.47 5.99 16 54.09 

Duet F N 74 61.7 6.67 10.82 354.19 

Hook F N 45 39.67 7.23 18.22 27.74 

Paint F N 62 47.36 7.79 16.44 53.73 

Pigment F N 56 34.11 5.78 16.95 28.56 

Pimento F N 59 27.08 5.67 20.94 13.28 

Snow F N 97 29.87 6.01 20.11 21.11 

Snowflake F N 59 33.33 5.47 16.42 35.64 

Stubbet F N 43 24.84 5.64 22.7 10.17 

Trink F N 95 57.44 6.21 10.81 88.85 

Liney M N 86 73.43 7.66 10.43 74.17 

Rivet M N 136 86.26 11.95 13.86 458.62 

Slice M N 86 42.03 5.43 12.91 50.94 

        Mean 

 

73.3 43.7 6.7 16.5 88 

        Apple F C 34 35.18 6.46 18.36 29.14 

Baby F C 89 65.31 11.65 17.84 102.41 

Bishu F C 108 52.93 6.55 12.38 64.86 

Blotches F C 72 80.86 14.49 17.92 350.27 

Caroh F C 136 55.78 5.42 9.72 104.6 

Deni F C 49 43.68 5.83 13.36 42.62 

Diamond F C 56 58.12 9.97 17.15 38.81 

Dos F C 104 63.52 13.8 21.72 224.58 

Galaxy F C 86 43.79 5.47 12.49 51.27 
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Gemini 

 

 

F 

 

 

C 

 

 

125 

 

 

60.98 

 

 

8.13 

 

 

13.33 

 

 

90.37 

Heaven F C 126 62.57 10.17 16.25 97.12 

Hedley F C 124 55.37 11.12 20.08 83.18 

Katy F C 146 62.62 11.86 18.93 49.51 

Laguna F C 92 53.7 6.05 11.26 39.43 

Lava F C 67 56.77 5.59 9.85 184.41 

Lily F C 98 73.43 7.66 10.43 211.46 

Littlehali F C 166 63.91 10.12 15.84 72.68 

Lucaya F C 61 52.53 9.77 18.59 36.57 

Luna F C 125 70.49 12.29 17.44 103.12 

Mitsu F C 58 46.99 5.53 11.77 57.98 

Mugsy F C 144 69.28 14.23 20.54 70.29 

Nassau F C 127 53.11 6.15 11.57 97.31 

Nippy F C 48 40.82 4.68 11.46 39.31 

Oval F C 62 40.88 4.85 11.85 42.93 

Paisley F C 38 36.64 5.9 16.1 32.08 

PR1 F C 50 53.87 8.48 15.75 35.05 

PR2 F C 49 49.16 6.67 13.56 29.09 

Priscilla F C 105 65.65 6.49 9.88 103.45 

Rosepetal F C 73 66.34 10.47 15.78 63.69 

Stoplight F C 65 53.48 9.01 16.85 41.53 

 F C 100 35.36 5.35 15.13 33.85 
Trimy 

Uno F C 149 52.5 6.74 12.85 42.46 

Zot F C 40 42.22 6.97 16.5 26.45 

        Mean F C 90 55.1 8.3 14.9 81.6 

        Amat M C 52 38.3 7.06 18.43 30.24 

BigGash M C 121 68.79 10.48 15.23 65.48 

BigWave M C 138 81.83 12.68 15.5 575.67 

Brulee  M C 40 53.18 7.96 14.97 177.9 

Catscratches M C 100 80.17 11.33 14.14 311.29 

Dash M C 65 63.64 10.48 16.48 56.83 

Ditto M C 73 68.58 9.3 13.56 53.03 

Everest M C 92 82.3 13.38 16.25 318.78 

Geo M C 135 76.82 9.19 11.96 94.84 

Grayscar M C 79 74.95 8.26 11.02 316.92 

Table 1:  continued) 
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Groucho 

 

 

 

M 

 

 

 

C 

 

 

 

77 

 

 

 

66.22 

 

 

 

11.49 

 

 

 

17.35 

 

 

 

230.59 

Havana M C 147 58.97 10.92 18.51 

 

56.04 

 

Jango M C 42 43.48 7.24 16.65 49.31 

Knuckles M C 137 81.28 13.52 16.63 328 

Malibu M C 34 51.24 7.46 14.56 40.1 

Mask M C 38 56.82 12.38 21.78 49.83 

Midnight M C 36 66.99 12.93 19.3 60.59 

Mohawk M C 61 81.3 12.58 15.47 209.89 

Mystery M C 38 87.59 17.23 19.68 236.08 

Navel M C 144 72.55 7.52 10.37 338.41 

Neptune M C 36 26.62 5.34 20.06 13.6 

Poindexter M C 142 60.93 7.9 12.96 65.18 

Punchy M C 143 82.6 11.84 14.33 219.65 

Ridgeway M C 59 61.46 13.5 21.97 65.04 

Romeo M C 107 60.5 9.42 15.56 53.78 

Schooner M C 35 58.73 14.37 24.46 39.94 

Scquew M C 121 84.15 13.93 16.55 450.86 

Shorty M C 85 70.74 12.97 18.33 329.29 

Stubby M C 142 106.55 16.73 15.71 414.51 

Surge M C 66 61.36 16.1 26.23 50.31 

ZigZag M C 66 51.33 8.18 15.93 56.51 

        Mean C 88 60.9 9.7 15.8 125.8 

        Flashlight F S 31 93.93 20.41 21.73 348.98 

FlyingA F S 41 131.6 31.81 24.17 453.96 

Symmetry F S 41 86.59 19.3 22.29 299.75 

Venus F S 54 118.55 28.65 24.17 446.36 

Horseshoe M S 78 148.38 31.27 21.07 494.4 

KP M S 69 118.44 22.22 18.76 408.03 

Medley M S 36 82.05 16.39 19.97 304.14 

        Mean 

  

50 111.4 24.4 21.7 393.7 

 
  

     
Grand Mean all 82 62.0 10.3 16.4 141.0 

 

Table 1: (continued) 
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Table 3: Mann-Whitney U test comparing the 95% Fixed Kernel Density (FKD) 

technique and 100% Minimum Convex Polygon (MCP)  

 

    Number of   95%   100%         

Cluster   Individuals   

FKD 

(km2)   

MCP 

(km2)   U   P 

Central 

 

64 

 

60.9 

 

125.8 

 

22.89 

 
<.0001 

Northern 

 

15 

 

43.7 

 

86.0 

 

0.0004 

 

0.9835 

Southern   7   111.4   393.7   9.8   0.0017 
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Table 4: Home range (95% contour) and core area (50% contour) for individual females 

in the central cluster, by age class.  

 

    95% 50% 50%/95% 

Animal ID N FKD (km2) FKD (km2) FKD ratio 

     Fused (Adult) 

    Apple 34 35.18 6.46 18.36 

Blotches 71 80.86 14.49 17.92 

Dos  103 63.52 13.80 21.72 

Gemini 124 60.98 8.13 13.33 

Hedley 123 55.37 11.11 20.07 

Lilly 42 50.83 5.94 11.69 

Luna 125 70.49 12.29 17.44 

Mugsy 84 70.87 13.33 18.81 

PR1 50 53.87 8.48 15.74 

PR2 49 49.16 6.67 13.57 

Stoplight 65 53.48 9.01 16.85 

Zot 40 42.22 9.67 22.90 

Mean 76 57.24 9.95 17.37 

     Mottled (Sub Adult) 

    Bishu 45 40.85 5.37 13.15 

Katy 50 65.82 14.32 21.76 

Lilly 56 61.39 9.11 14.84 

Mugsy 60 55.75 13.48 24.18 

Nassau 41 30.30 6.01 19.83 

Priscilla 34 48.19 6.91 14.34 

Mean 48 50.38 9.20 18.02 

     Speckled (Juvenile) 

    Baby 65 68.87 12.64 18.35 

Bishu 49 46.85 7.19 15.35 

Caroh 82 58.42 5.41 9.26 

Deni 34 36.92 5.34 14.46 
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Diamond 39 54.63 10.22 18.71 

Galaxy 66 37.24 4.99 13.40 

Heaven 88 50.69 6.26 12.35 

Katy 71 58.40 10.50 17.98 

Laguna 53 37.09 4.80 12.94 

Lava 42 37.74 4.44 11.76 

Littlehali 75 44.17 6.40 14.49 

Mitsu 45 44.59 5.35 12.00 

Nassau 85 52.84 5.85 11.07 

Nippy 48 40.82 4.68 11.46 

Oval 52 43.16 4.98 11.54 

Tink 60 51.54 6.45 12.51 

Uno 74 43.29 6.16 14.23 

Mean 60 47.49 6.57 13.64 

Grand Mean 64 51.2 8.2 15.71 

 

 

 

 

 

 

 

 

 

 

 

 

 

Table 4: (continued) 
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Table 5: Overall home range (95% contour) and core area (50% contour) for individual 

males in the central cluster, by age class.  

 

    95% 50% 50%/95% 

Animal ID N FKD (km2) FKD (km2) FKD ratio 

     Fused (Adult) 

    BigGash 121 68.79 10.48 15.23 

BigWave 137 81.83 12.68 15.50 

Catscratches 37 75.86 13.07 17.23 

Groucho 35 64.5 13.18 20.43 

Knuckles  62 83.05 16.22 19.53 

Mask 38 56.82 12.38 21.79 

Midnight 36 66.99 12.93 19.30 

Pharoh  36 71.59 15.85 22.14 

Ridgeway 59 61.46 13.5 21.97 

Romeo 107 60.5 9.42 15.57 

Schooner 35 58.73 14.37 24.47 

Sqew 37 74.46 11.91 16.00 

Shorty  85 70.74 12.97 18.33 

Stubby 139 106.55 16.73 15.70 

Surge 66 61.36 16.1 26.24 

Mean 69 70.88 13.45 19.30 

     Mottled (Sub Adult) 

    Catscratches 68 63.95 9.73 15.22 

Dash 38 53.61 11.17 20.84 

Everest 48 68.08 9.99 14.67 

Geo 46 72.97 10.02 13.73 

Grayscar 45 74.68 8.87 11.88 

Groucho 42 45.67 8.89 19.47 

Havana 36 52.26 7.71 14.75 

Knuckles 74 60.86 11.53 18.95 

Scquew 51 68.09 13.56 19.91 

Mean 50 62.24 10.16 16.60 
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    Speckled (Juvenile) 

    Amat 45 39.09 6.96 17.81 

Brulee 32 46.66 6.48 13.89 

Ditto 33 37.66 4.98 13.22 

Geo 37 45.68 7.5 16.42 

Havana 82 54.02 10.61 19.64 

Jango 42 43.48 7.24 16.65 

Navel 107 56.1 6.47 11.53 

Poindexter 74 47.86 6.73 14.06 

Squew 49 69.47 13.63 19.62 

ZigZag 58 49.63 8.39 16.91 

Mean 55.9 48.965 7.899 15.97 

Grand Mean 63 62.15 10.9 17.61 

 

 

Table 5: (continued) 
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Table 8: Age class comparisons for female and male spotted dolphins for both the overall 

home range (95% contour) and core area (50% contour) using a Kruskal Wallis one-way 

analysis of variance test.  Mann-Whitney U test was used for pairwise comparisons.  

 

Group     P   

     

  
Female   Male 

Overall 

    Fused vs Mottled vsSpeckled 

 

0.1159 

 
0.0006 

Fused vs Mottled 

 

0.3993 

 

0.144 

Fused vs Speckled 

 
0.0374 

 

0.0002 

Speckled vs Mottled 

 

0.4838 

 
0.0222 

Fused&Mottled vsSpeckled 

 
0.0599 

 

0.0003 

     Core 

    Fused vsMottled vsSpeckled 

 
0.0045 

 

0.0001 

Fused vsMottled 

 

0.6396 

 
0.0026 

Fused vsSpeckled 

 
0.0014 

 

0.0005 

Specked vsMottled 

 

0.0687 

 
0.0179 

Fused&Mottled vs Speckled   0.0045   0.0005 

   

“&” = paired group  

“vs” = age classes being compared 
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Table 9: Mann-Whitney U test comparing core area proportion (50% / 95%) between 

males and females for the different age classes.  

 

              50%/95%           

 
Group     n       FKD (km2)     U   P 

   

F   M 

 

F   M 

    

              

 

Speckled 

 

12 

 

15 

 

13.64 

 

15.97 

 

17.37 

 
<.0001 

 

Mottled 

 

6 

 

9 

 

18.02 

 

16.6 

 

0.35 

 

0.5557 

 

Fused 

 

17 

 

10 

 

 

17.37 

 

19.3 

 

0.35 

 

0.5541 

 

Fused&Mottled   18   24   14.78   16.27   0.47   0.4926 
 

             
F = females, M = Males 

“&” = paired group  
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Table 10: Comparison of size of the overall home range (95% FKD), core area (50% 

FKD) and core area proportion (50%/95%) between reproductively active and non-

reproductively active females using a Mann-Whintey U test.  

 

      
Home 

range           

Group     Size (km2)     U   P 

  
RA   NRA 

    

         Home 

Range 

 

52.2 

 

49.37 

 

0.1662 

 

0.6836 

 

Core 

 

9.2 

 

8.28 

 

0.2954 

 

0.5868 

 

Core Area 

Proportion  17.65   16.74   0.374   0.5408 
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Table 11: Bottom type comparisons using a Chi Square test between the core area versus 

outside core area 

 

Group     X   P 

      Core vs Outside Core 

    

      Females 470.31 

 

<.0001 

Males 538.29 
 

<.0001 

RA females 

 

1926.9 

 
<.0001 

NRA females   94.35   <.0001 
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Table 12: Comparison of depth of the overall (95% FKD) core area (50% FKD) and 

outside core area between reproductively active (RA) and non-reproductively active 

(NRA) females.  

 

      Depth           

Group     (m)     U   P 

  
RA   NRA 

    

         
Overall 

 

9.4 

 

9.1 

 

0.0327 

 

0.8565 

         
Core Area  

 

7.3 

 

6.4 

 

1.791 

 

0.1808 

         Outside Core 

Area   10.4   17.7   26.66   <.0001 
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Table 13: Comparison of 5 behavioral states between the core area and outside core area 

for males and females using a Chi Square test 

 

Group   X    P  

     All Females 51.17 

 

<.0001 

Adult Females 24.75 

 

<.0001 

Juvenile Females 32.54 

 

<.0001 

All Males 

 

79.51 

 

<.0001 

Adult Males 52.75 

 

<.0001 

Juvenile Males 27.09 
 

<.0001 

RA females 27.13 

 

<.0001 

NRA females 23.00   <.0001 
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Figure 1: Study area on western edge of Little Bahama Bank (image taken from Rossbach 

and Herzing (1997)). 
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Figure 2: Photograph of a female adult Atlantic spotted dolphin (Stenella frontalis) with 

calf on Little Bahama Bank. 
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Figure 3: Accumulated curve of mean home range area for 14 individual Atlantic spotted 

dolphins in Little Bahama Bank, Grand Bahama Island during 1991-2004.  
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Figure 4: Map of 95% FKD  home ranges  for northern, central, and southern clusters on 

LBB 
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Figure 5 : Average depth for northern, central, and southern clusters using the 95% FKD 

technique 
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Figure 6 : Habitat use for the northern, central, and southern clusters using the 95% FKD 

technique 
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Figure 7: Bottom type percentage for three clusters, using FKD and MCP techniques 
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Figure 8: Comparison of average home range depth for three clusters using the 95% FKD 

technique 100% MCP technique.  
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Figure 9: Map of combined male and combined female home ranges for individuals of 

the central cluster using the 95% FKD estimator 
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Figure 10: Habitat use for males (above) and females (below)  
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Figure 11: Habitat use for reproductively active (above) and non-reproductively active 

(below) females  
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Figure 12: Average depth inside and outside the core area for males (above) and females 

(below) for adults, sub-adults, and juveniles 
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Figure 13: Average depth for reproductively active (RA) and non-reproductively active 

(NRA) females for both the core and outside core area. 
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Figure 14: Relative frequency of the 5 behavioral categories for males and females in the 

central cluster 

 

 

 

 

 

 

 

 

 

 

 

 

 



66 

 

 

 

Figure 15: Frequency of behavioral states for males (above) (RA) and females (below).  
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Figure 16: Frequency of behavioral states in and outside of the core for reproductively 

active (RA) and non-reproductively active (NRA) females  
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