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ABSTRACT 

 

Cetaceans range over large distances resulting in complex patterns of population 

structure. The coastal ecotype of common bottlenose dolphins (Tursiops truncatus) often consists 

of distinct groups that exhibit localized adaptations on small spatial scales that result in fine scale 

genetic structuring. Sex-specific home range patterns are common in cetacean species and may 

differ between geographic locations. The purpose of this study was to couple long-term photo-

identification data with genetics to examine stock structure and to measure home range size of 

male and female common bottlenose dolphins in the estuarine waters around Savannah, GA. The 

study area was categorized into three segments: a) a north region, b) a buffer region, and c) a 

south region. Remote biopsy sampling was conducted in September 2015 and February and 

March 2017. No significant difference was found when regions were compared by sample 

location only (n=69). After animals without ≥10 sightings (n=45) were excluded from analysis, a 

significant difference in FST was found between the north versus buffer (p=0.0147). When the 

animals with ≥10 sightings were placed in the location with 50% or more of their sightings, a 

significant difference in in FST was found between the north versus buffer and north versus south 

(p=0.0018 and p=0.0164). With the addition of sighting history data, stronger subdivision was 

found between populations. No significant difference was found in minimum convex polygon 

home range size of males (105.34 ± 49.28 km2; n=24) and females (109.83 ± 53.29 km2; n=57) 

or in kernel density home range size. The addition of supplemental data, such as photo-

identification, to a genetic analysis, can provide additional insight into stock structure. Methods 

used in this study could be employed by future studies to improve understanding of the complex 

stock structure of common bottlenose dolphins in estuarine waters.
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Chapter 1: Using Photo-Identification and Genetic Data to Examine Fine-Scale Stock 

Structure of Common Bottlenose Dolphins (Tursiops truncatus) in the Estuarine Waters of 

Savannah, Georgia 

 

ABSTRACT 

  

Common bottlenose dolphins in the southeastern United States exhibit varying degrees of 

residency among populations including small-localized bay, sound, and estuary (BSE) 

populations. Evidence of resident estuarine animals along the U.S. Atlantic and Gulf of Mexico 

coastlines is supported through photo-identification and genetic studies. The purpose of this 

project was to couple long-term photo-identification data, spatial location, and genetics to 

examine stock structure of the common bottlenose dolphins in the estuarine waters of Savannah, 

Georgia. Remote biopsy sampling was conducted in September 2015 and February and March 

2017 in the southern portion of the Northern Georgia/Southern South Carolina Estuarine System 

(NGSSCES) Stock of common bottlenose dolphins. Genomic DNA was extracted from the skin 

samples (n = 69), and a portion of the mitochondrial DNA control region was sequenced. 

Sampled dolphins with 10 or more sightings between 2009 – 2017 (n = 45) were mapped in 

ArcMap 10.2. The study area was split into three regions: north, buffer, and south. No significant 

difference was found when regions were compared by sample location only (n=69). After 

animals without ≥10 sightings (n=45) were excluded from analysis, a significant difference in 

FST was found between the north versus buffer (p=0.0147). When the animals with ≥10 sightings 

were placed in the location with 50% or more of their sightings, a significant difference in in FST 

was found between the north versus buffer and north versus south (p=0.0018 and p=0.0164). 

Subdivision between regions was found with the addition of spatial data. Thus, methods 

developed in this study may be useful in examining stock structure in the future.  
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Introduction 

 

 Population ecology is the study of demographically distinct groups of the same species in 

relation to environment including such concepts as distribution, abundance, and environmental 

carrying capacity (Hawley, 1982). Populations of terrestrial and fresh water species are often 

distinct from each other because they are separated by physical barriers that prevent 

interbreeding (Knutzen et al., 2003). In contrast, the marine environment often lacks physical 

barriers, and species are able to disperse over larger areas and interbreed (Knutzen et al., 2003). 

Therefore, it can be more difficult to identify distinct populations in the marine environment 

(Knutzen et al., 2003). It is important to understand the structure of a population of a given 

species in order for it to be properly managed (Hoelzel et al., 1998).  

Population assessment includes an understanding of a species’ geographic range, 

population size, population trends, and non-natural mortality rates (Wade and Angliss, 1997). 

Populations can be described as interbreeding organisms that have independent recruitment and 

population dynamics (Krützen et al., 2004). In general, cetacean species can have ranges that 

extend over large distances. However, many cetacean species exhibit complex patterns of 

population structure (Hoelzel et al., 1998). Understanding population structure is necessary for 

conservation and management (Hoelzel et al., 1998), and proper management of cetacean species 

depends on correctly identifying population units (Baird et al., 2009).  

 Common bottlenose dolphins (Tursiops truncatus) have a worldwide distribution in 

temperate and tropical waters (Krützen et al., 2004). This widely ranging species is distributed in 

coastal and offshore waters (Oudejans et al., 2015). Common bottlenose dolphins are highly 

mobile and have broad distributions, yet have been found, based on genetic studies, to have 

population subdivision (Rosel et al., 2009). The coastal ecotypes of common bottlenose dolphin 
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populations often consist of distinct groups that exhibit localized adaptations on small spatial 

scales that result in fine scale genetic structuring (Rosel et al., 2009; Oudejans et al., 2015). In 

coastal habitats, common bottlenose dolphins can exhibit limited movement patterns and high 

site-fidelity (Wells, 2003; Wiszniewski et al., 2010). Conversely, common bottlenose dolphins 

offshore in pelagic waters usually exhibit wide-ranging patterns and low site-fidelity (Bearzi et 

al., 2005; Quèrouil et al., 2007; Oudejans et al., 2015).  

Common bottlenose dolphins in the western North Atlantic exhibit distinctive coastal and 

offshore ecotypes (Kenney, 1990; Mead and Potter, 1995; Wells et al., 1999). The two ecotypes 

are distinguishable by morphological, genetic, and ecological differences. Specifically, ecotype 

can be determined through genetic data, skull morphology, overall size, hematological data, 

parasite load, and prey differences (Duffield et al., 1983; Mead and Potter 1995; Curry and Smith 

1997; Hoelzel et al., 1998; Kingston et al., 2009; Rosel et al., 2009; Vollmer and Rosel, 2013). 

The coastal ecotype is found in bays, sounds, estuaries, coastal waters, and shelf waters. The 

offshore ecotype is described as inhabiting deeper waters of the continental shelf and slope 

(Vollmer and Rosel, 2013; Curry, 1997; Vollmer, 2011; reviewed in Hayes et al., 2017). The two 

ecotypes show distinct genetic differentiation (Kingston and Rosel, 2004; Rosel et al., 2009; 

Vollmer and Rosel, 2017) and are managed separately under the Marine Mammal Protection Act 

(reviewed in Hayes et al., 2017).  

Common bottlenose dolphins in the southeastern United States exhibit varying degrees of 

residency within coastal populations including small-localized bay, sound, estuary (BSE) 

populations (Shane, 1980; Wells et al., 1987; Scott et al., 1990). Evidence of resident estuarine 

animals along the U.S. Atlantic and Gulf of Mexico coastlines is supported through 

photographic-identification (Wells et al., 1980; Zolman, 2002; Mazzoil et al., 2005; Balmer et 
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al., 2008; Balmer et al., 2014) and genetic studies (Sellas et al., 2005; Rosel et al., 2009). 

Multiple stocks of resident BSE common bottlenose dolphins exist within the system of salt 

marshes and bays along the eastern coast of the U.S (Hayes et al., 2017). 

The success of management schemes requires knowledge of population structure (Taylor, 

1997). The primary goal of the Marine Mammal Protection Act (MMPA, 1972) is to conserve 

population stocks as a significant functioning element in the ecosystem, which includes 

preventing any marine mammal stock from dropping below its optimum sustainable population 

level (Wade and Angliss, 1997). Therefore, understanding stock structure is essential. The 

MMPA defines a stock as a group of marine mammals of the same species or smaller taxa in a 

common spatial arrangement that interbreed when mature (MMPA [16 U.S.C 1362]). The 

National Marine Fisheries Service (NMFS, 2016) defines a stock as a fundamental unit of 

legally-mandated conservation. Accurately identifying discrete stocks of animals is a critical task 

for marine mammal management (Wade and Angliss, 1997).  

 There are multiple types of data that can provide information on stock structure. 

Traditional methods include morphology, telemetry, contaminants, isotope ratios, photo-

identification and most notably, genetics (Wade and Angliss, 1997; Hohn, 1997; Rosel et al., 

2017a; Balmer et al., 2014). Skull morphology can distinguish between offshore and coastal 

ecotypes (Mead and Potter, 1995); offshore common bottlenose dolphins have larger skulls than 

coastal dolphins (Mead and Potter, 1995; Gannon and Waples, 2004). Additionally, offshore 

common bottlenose dolphins have longer bodies, smaller flippers, and larger nares than the 

coastal ecotype (Mead and Potter, 1995).  Feeding habits can also distinguish between offshore 

and coastal ecotypes; stomach contents from each ecotype are significantly different (Mead and 

Potter, 1995). Isotope ratios from three dolphin groups from the Gulf of Mexico have been used 
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to differentiate coastal and offshore animals (Barros et al., 2010). Isotope ratios of carbon and 

nitrogen have also been shown to distinguish separate coastal and offshore animals along the 

Western Atlantic (Hohn, 1997) and assign stranded common bottlenose dolphins to different 

habitats (Hohn et al., 2017). Stable isotope data can aid scientists’ understanding aspects of stock 

structure such as habitat use (Mendes et al., 2006) and can be used to assess foraging diversity 

between individuals (Rossman et al., 2015a, 2015b).  

 Fine-scale location data can be collected through satellite-linked telemetry, which can 

provide further insight into stock boundaries (Balmer et al., 2014). Satellite-linked telemetry is a 

useful tool in identifying ranging, residency, and social patterns in coastal dolphins (Wells et al. 

1999, 2017; Balmer et al., 2008). Contaminant data can also be used to examine ranging patterns. 

Contaminant levels within common bottlenose dolphins not only serve as an indicator of 

ecosystem health (Wells et al., 2004) but may also provide insight into population structure 

(Balmer et al., 2011; 2015). Contaminant analyses alone cannot delineate stock boundaries, but 

in conjunction with other methods, such as photo-identification, may aid in identifying 

population units (Balmer et al., 2011). Photo-identification data have been combined with 

measurements of contaminant concentrations to find that common bottlenose dolphins in 

Brunswick and Sapelo Island, Georgia are a part of separate estuarine stocks instead of a single 

stock (Balmer et al., 2011).  

Photo-identification can be used to identify population structure. Dolphin photo-

identification is the process of using photographs of common bottlenose dolphin dorsal fins for 

individual recognition (Würsig and Jefferson, 1990). Common bottlenose dolphins obtain natural 

markings along the trailing edge of the dorsal fin primarily from interaction with other dolphins 

and sharks (Bearzi et al., 1997). The markings on a dorsal fin can be unique to the individual and 
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are used to identify specific animals (Wells and Scott, 1990). Photo-identification of naturally 

marked cetaceans can offer information on group structure, site fidelity (Würsig, 1978; Shane, 

1980; Wells et al., 1987), movement patterns, and population size (Norris et al., 1985; Wells et 

al., 1990; O’Brien et al., 2009). Long-term photo-identification can increase understanding of 

life history parameters such as age at sexual maturity and calving intervals (Wells et al., 1987; 

Würsig and Jefferson, 1990; Wells, 1991). Distribution and movement patterns can be examined 

when photographs of animals are obtained at multiple locations (Norris et al., 1985; Wells et al., 

1990; Zolman, 2002; Balmer et al., 2008). Repeated observations of individual common 

bottlenose dolphins within a population provide sighting history data that can be used to examine 

stock structure (Würsig and Würsig, 1977; Wells et al., 1987; Wells and Scott, 1990; Balmer et 

al., 2016).  

The use of genetic markers is the most dependable method to investigate population 

structure in dolphins (Avise et al., 1987; Rosel et al., 1994; Curry and Smith 1997; Sellas et al., 

2005). Vertebrate mitochondrial DNA (mtDNA) is a small circular genome that is present in 

thousands of copies per cell (Brown, 1983). In mammals, including common bottlenose 

dolphins, mtDNA is maternally inherited (Avise et al., 1987). The control region is a non-coding 

polymorphic region within the mtDNA genome. The control region of the mtDNA is often used 

to study genetic differences within and between populations because it is the most variable and 

rapidly changing portion of the mtDNA genome in vertebrates (Brown et al., 1979). 

Mitochondrial DNA evolves several times faster than single-copy nuclear DNA, making it useful 

for differentiating among closely related groups (Brown et al., 1979). Mitochondrial DNA is 

useful for assessing genetic variation among individuals within populations. Specifically, 
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mtDNA can be used as a tool for reconstructing patterns of population demography, 

biogeography, and speciation (Jayasankar et al., 2010).  

Evidence of habitat partitioning between estuarine and bordering coastal waters has been 

found through photo-identification (Fazioli et al., 2006) and genetic studies (Sellas et al., 2005) 

in the northern Gulf of Mexico. Photo-identification was used to identify five discrete 

assemblages of common bottlenose dolphins in Tampa Bay, Florida (Urian et al., 2009). 

Additionally, genetic analysis of four estuarine bottlenose dolphin stocks (Sarasota Bay, FL, 

Tampa Bay, FL, Charlotte Harbor, FL and Matagorda Bay, TX) and one coastal stock in the Gulf 

of Mexico revealed strong population subdivision (Sellas et al., 2005). Our understanding of 

population structure may be improved by combining genetics with spatial data. Torres et al. 

(2003) examined the distribution and overlap of two common bottlenose dolphin ecotypes and 

found that combining spatial data and genetics can give insight into the distribution of 

overlapping populations. Areas utilized only by the coastal ecotype or only by the offshore 

ecotype of common bottlenose dolphins were identified using spatial and molecular analyses 

(Torres et al., 2003). Consequently, the combination of spatial analyses with genetic data can 

provide evidence of multiple, demographically-distinct populations of common bottlenose 

dolphins (Rosel et al., 2017a).  

An Unusual Mortality Event (UME) from June 1987 through March 1988 caused a die 

off of an estimated 50% of Atlantic coastal common bottlenose dolphins from New Jersey to 

central Florida (Eguchi, 2002). It was inferred that the event affected a single population of 

dolphins, which resulted in the delineation of one stock of coastal migratory dolphins from Long 

Island, New York to central Florida when stocks were first defined under the MMPA in 1992 

(Hohn, 1997). More recently, genetic, photo-identification, and telemetry data have suggested a 
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high degree of structuring in the western North Atlantic (Hohn, 1997; McLellan et al., 2002; 

Rosel et al., 2009; Balmer et al., 2014). In addition, patterns of strandings observed during the 

UME in 1987-1988 were dissimilar to patterns observed 15 years prior and nine years after the 

event (McLellan et al., 2002). All of these data provide evidence for a more complex stock 

structure, suggesting that coastal bottlenose dolphins do not form a single stock along the U.S. 

Atlantic coast, and currently eleven BSE and five coastal stocks of common bottlenose dolphins 

are recognized along the east coast of the U.S. (Hayes et al., 2017).  

NMFS has defined the Northern Georgia Southern South Carolina Estuarine System 

(NGSSCES) Stock of common bottlenose dolphins as residing in the estuarine waters between 

the North Edisto River in South Carolina and the northern region of Ossabaw Sound in Georgia 

(Figure 1.1; Hayes et al., 2017). The boundaries of this stock were determined through photo-

identification studies conducted by Gubbins (2002) and through photo-identification, satellite-

linked telemetry and radio telemetry research conducted north of the NGSSCES Stock in 

Charleston, South Carolina (Zolman, 2002; Speakman et al., 2006). The southern border of the 

NGSSCES is shared with the Central Georgia Estuarine System (CGES) Stock; these two stocks 

are currently divided at northern Ossabaw Sound (Hayes et al., 2017). The borders of the 

NGSSCES Stock were determined through photo-identification studies (Gubbins, 2002) and 

photo-identification and telemetry research north of the stock boundary (Zolman 2002; 

Speakman et al., 2006). The boundaries of the CGES were determined through photo-

identification (Balmer et al., 2011) and genetic studies (NMFS unpub. data).  

NMFS considers the NGSSCES Stock of common bottlenose dolphins to be a strategic 

stock (Hayes et al., 2017). A strategic stock is defined as a marine mammal stock for which the 

level of direct human-caused mortality exceeds the potential biological removal level (PBR), is 
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declining and is likely to be listed as a threatened species under the Endangered Species Act 

(ESA) of 1973 [16 U.S.C. 1531 et seq.] within the foreseeable future, or is listed as a threatened 

species or endangered species under the ESA (MMPA, 1972). Common bottlenose dolphins in 

the western North Atlantic are not listed as threatened or endangered. However, the NGSSCES 

Stock is considered strategic because the estimated abundance of the stock is small, and few 

mortalities would surpass the potential biological removal level (Hayes et al., 2017). Recent 

mark-recapture data may suggest that the current southern boundary of the NGSSCES Stock 

needs to be modified, and animals residing between the Savannah River and the Wilmington 

River may be distinct from the animals residing between the Wilmington River and northern 

Ossabaw Sound (unpub. data, J. Thompson). The incomplete understanding of the region 

inhabited by the NGSSCES Stock and the movement patterns of these dolphins make it difficult 

to implement long-term sustainability plans for this protected species and strategic stock.  

Currently, many BSE stocks in the southeastern U.S. have minimal or no photo-

identification data. In the absence of sighting histories for biopsy sampled individuals, using the 

geographic location where the sample was collected is the most conservative method of 

estimating where an individual dolphin may reside or identifying the stock it is associated with. 

A priori incorporation of long-term sighting histories into sampling design for genetic studies is a 

unique method and allows one to incorporate multiple types of data into a stock structure study. 

Combining multiple methods to investigate population structure has been found to be successful 

(Torres et al., 2003; Balmer et al., 2011). A study investigating residency patterns of common 

bottlenose dolphins in the Stono River estuary in South Carolina suggested that the photo-

identification used in the study in combination with genetic studies could clarify stock 

discreteness in future studies (Zolman, 2002). However, there have been few published studies 
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combining long-term sighting histories and genetic data to examine stock structure. The ability to 

integrate long-term sighting data with genetic information is a novel approach that will allow for 

a more comprehensive assessment of common bottlenose dolphin stock structure in the 

southeastern U.S. as well as potential application to other marine mammal populations globally.  

The purpose of this study was to integrate multiple tools including long-term photo-identification 

data and genetic data collected via remote biopsy sampling to examine stock structure of 

common bottlenose dolphins around Savannah, GA. 

 

Methods 

 

 The study area consisted of the estuarine waters near Savannah, GA from the southern 

boundary of the Savannah River to northern Ossabaw Sound (Figure 1.2). This area comprised 

the southern portion of the NGSSCES Stock and extended approximately 4km into the 

northernmost region of the CGES Stock (Hayes et al., 2017). The area covers approximately 340 

km2 and includes small creeks, salt marshes, larger rivers, and sounds (Perrtree et al., 2014). 

Photo-identification surveys were conducted aboard a 6.7 meter Boston Whaler with a 2-

stroke or 4-stroke outboard engine from April 2009 to June 2015. Surveys were conducted at an 

on-effort speed of 33-40 km/hr along previously determined transects (Figure 1.2; Perrtree et al., 

2014). A continuous track and all waypoints were recorded throughout each survey using a 

Garmin GPS. While on effort, at least two observers were actively searching for dolphins. The 

dorsal fin of each dolphin within a group was photographed using digital SLR cameras (Cannon 

EOS 40D and Nikon D90) with 70-300 mm or 70-400 mm zoom lenses. Dolphins were 

considered a group if they were within 100m of each other, moving in the same direction, and 
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engaging in similar behaviors (Shane, 1990). Animals seen outside of the 100m range were 

considered a separate sighting. Sightings lasted a minimum of five minutes and a maximum of 

30 minutes or until full photo coverage of all dolphins was obtained.  

Dorsal fin photos were graded for photographic quality and distinctiveness using the 

protocols developed for the Mid-Atlantic Bottlenose Dolphin Photo-Identification Catalog 

(Urian et al., 1999; Friday et al., 2000). Quality was determined based on clarity, contrast, angle 

of the fin to the photographer, and visibility of the fin in the frame (Urian et al., 1999). The 

distinctiveness score was based on the amount of marks or abnormalities on the fin (Urian et al., 

1999). Images were matched to other survey efforts, and a catalog was created for the Savannah 

area. All dolphins entered into the Savannah area catalog were given a unique numerical 

identification code. 

To identify animals to target for remote biopsy, sighting history data for each individual 

dolphin were examined from the long-term photo-identification database that consists of 508 

cataloged individuals. Cataloged individuals with 10 or more sightings were identified as high 

priority targets based upon the minimum number of sightings required for home range estimation 

by Urian et al. (2009). Individuals with less than 10 sightings were considered moderate priority 

targets. Calves and dolphins with non-distinctive fins were considered low priority targets. 

Calves were low priority for biopsy sampling because calf sightings are dependent upon the 

mother. Animals with non-distinctive fins were low priority for sampling because it was less 

likely sighting history data were available for these individuals. The spatial data for each dolphin 

with 10 or more sightings were mapped in ArcGIS 10.2 (ESRI, Redlands, CA). The study area 

was categorized into three segments: a) a north region that consisted of the estuarine waters 

between the Savannah River and the Wilmington River; b) a buffer region that included the 
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Wilmington River; and c) a south region that included the area between the Wilmington River 

and northern Ossabaw Sound (Figure 1.3). The regions were categorized based on previous 

photo-identification research (unpub. data, J. Thompson) in the study area that suggested these 

regions could be two separate stocks with the buffer region acting as an area of overlap. The 

number of sightings in the north region and south region, as well as the number of sightings 

within small creeks were counted and recorded for each individual. Small creeks included all 

creeks within the study area excluding Wassaw and Ossabaw Sounds, the Savannah River, the 

Wilmington River, Vernon River, and portions of the Bull River and Oddingsell River. Of the 

dolphins with 10 or more sightings, animals with 50% or more of their sightings within small 

creeks were identified. Identifying animals with a majority of their sightings in small creeks 

provided a greater chance that the target animals were estuarine dolphins. Common bottlenose 

dolphins residing outside of estuarine environments are known to enter estuaries during warm 

summer months (Mead and Potter, 1995). Samples were collected in non-summer months: 

February, March, and September, thus increasing the probability of sampling BSE animals. 

Further, dolphins with 50% or more of their sightings occurring in the north or south region and 

15% or less occurring in the opposite region were identified as target animals for biopsy. The 

metrics were formulated with the goal of maximizing the percentage of sightings in the target 

area while minimizing the percentage of sightings in the non-target area while also isolating 

small creek animals from coastal animals.  

Remote biopsy sampling is a common tool for collecting tissue samples for genetic 

analyses (Sinclair et al., 2015). Remote biopsy sampling was conducted aboard the same vessel 

as photo-identification surveys in September 2015 and February and March 2017. A total of 50 

skin samples was collected using a crossbow and dart fitted with a 10 x 25 mm stainless steel 
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sampling tip. The sampling tip contained a sharpened cutting edge angled inward to hold the 

sample in place. The size and type of sampling tip was chosen based on methods described in 

Sinclair et al. (2015). The crossbow was equipped with a retainer to hold the dart in place and a 

battery powered sight to increase accuracy. The same digital SLR cameras utilized during photo-

identification surveys were used during remote biopsy sampling. When a group of dolphins was 

sighted, it was approached to determine if an animal suitable for biopsy was present. Known 

target individuals identified using an onboard photo-identification catalog were priority for 

sampling. However, if no known dolphins were within the group, unknown yet distinctive fins 

were considered for biopsy. Dolphins with unknown fins were only sampled if found in a small 

creek away from open ocean to improve the chances that the sample was from an estuarine 

dolphin. Animals not considered for biopsy included calves and previously sampled dolphins.  

Sampling was attempted when the dolphin was perpendicular to the sampler and 4-10 m 

from the boat (Krützen et al., 2002). The sample was collected from below the dorsal fin on 

either side of the animal (Figure 1.4; Gorgone et al., 2008). After the dart came into contact with 

the animal and a sample obtained, the dart floated near the surface and was retrieved. The sample 

was then removed from the sampling tip (Figure 1.5) and cut into five separate pieces. A sample 

processing kit placed inside a 72-quart cooler for protection from weather conditions was taken 

aboard during every biopsy effort. A small MVE Cryoshipper SC 4/2v was placed on board and 

used to store cryogenic samples. One section, half of the skin, was placed directly into a 5mL 

20% DMSO/saturated NaCl vial for later genetic analysis. The other half of the skin was cut in 

half again; one section was placed in 5mL of RNAlater for genomics, the other section in 2mL 

cryo-vials for stable isotope analysis. Half of the blubber was placed in 5mL of Teflon for 
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contaminant analysis and the other half in 2mL cryo-vials for hormone analysis (Sinclair et al. 

2015). 

 Additional samples were obtained from stranded common bottlenose dolphins within the 

study area; these were collected using a scalpel blade to remove a small portion of skin from the 

body of the animal below the dorsal fin. Stranding samples were collected from April 2008 – 

May 2017. Skin samples from stranded animals were placed into 5mL 20% DMSO/saturated 

NaCL vials and stored at room temperature. All skin samples for genetic use were stored at room 

temperature.  

Genomic DNA was extracted from the skin samples using a Qiagen DNeasy Blood and 

Tissue extraction kit. Upon completion of extraction, the DNA was held at 4°C. The quality of 

the extracted DNA was examined by gel electrophoresis. The quantity of DNA was measured via 

fluorometry on a Hoefer DyNA Quant 200 fluorometer. Samples were diluted to 25 ng/µl. 

Samples with less than 30 ng/µl were not diluted. A 500bp fragment of the 5’ end of the 

mitochondrial DNA control region and adjacent tRNAs was amplified. The control region was 

amplified using the polymerase chain reaction (PCR) with the primers L15824 (5’-

CCTCACTCCTCCCTAAGACT-3’) (Rosel et al. 1999) and H16498 (5’-

CCTGAAGTAAGAACCA GATG -3’) (Rosel et al., 1994). One µl of 25 ng/µl extracted 

genomic DNA was added to a 25 µl PCR reaction mix that included 18.90µl of H2O, 2.5µl of 

10X Taq DNA Polymerase PCR buffer (200 µM Tris HCl, 500 µM KCl), 0.75 µl of 5 µM 

MgCl2, 0.75 µl of 10 µM primer L15824, 0.75 µl 10 µM primer H16498, 0.15 µl of 25 µM 

dNTPs, and 0.20 µl Taq DNA polymerase (Thermo Fisher Scientific). For samples with a DNA 

concentration less than 25 ng/µl, 0.24µl of Bovine Serum Albumin (BSA, 25 mg/ml) was added 

to the 25 uL PCR reaction. The cycling profile was an initial 95°C for 30 seconds, followed by 
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30 cycles of 95°C for 30 seconds, 55°C for 30 seconds, and 72°C for 30 seconds. After 30 cycles 

the PCR continued at 72°C for 7 minutes and then was held at 4°C. Five µl of PCR product was 

run on a 0.8% agarose gel to test the success of the reaction. The remaining 20µl was run on a 

0.8% low melting point agarose gel (LMP). Each band was excised from the gel under UV light 

with a razor blade and placed in a labeled 1.5ml tube with one µl of agarose (2.5 U/µl; Thermo 

Fisher Scientific) and held at 40°C overnight. A cycle sequencing PCR reaction was then 

prepared using the original primers, 5X buffer, and BigDye v1.1 dye terminator mix (Applied 

Biosystems). The cycling profile was an initial 96°C for one minute, followed by 25 cycles of 

96°C for 10 seconds, 50°C for 5 seconds, 60°C for 4 minutes, and then held at 4°C. The cycle 

sequencing products were cleaned with Sephadex®, completely dried and stored at -20°C. The 

final sequencing products were loaded on an ABI 3130 Genetic Analyzer. All samples were 

sequenced in both forward and reverse directions. Sequences were edited and aligned creating 

consensus sequences using Geneious 10.2.3. Consensus sequences were aligned with a master 

alignment to determine haplotypes.  

 Nucleotide diversity (𝜋) and haplotype diversity (h; Nei, 1987) were estimated using 

ARLEQUIN 3.5.2.2 (Excoffier and Lischer, 2010). Population differentiation, FST and ΦST were 

estimated in ARLEQUIN using an analysis of molecular variance (AMOVA) framework. 

Significance values were determined using 10,000 permutations. jModelTest (Darriba et al., 

2012; Guidon and Gascuel, 2003) was used to determine the best evolutionary model of the 

DNA sequence alignment for estimating ΦST. The Tamura & Nei model with a gamma 

correction (α = 0.5) was used for the distance matrix in the analyses. FST and ΦST were calculated 

for regions north versus buffer, north versus south, and buffer versus south. The Bonferroni false 

discovery test was used to correct probability values for multiple comparisons.  
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 Data were first analyzed based on the location where all samples were collected; FST and 

ΦST values were calculated based on whether the sample was collected in the north, buffer, or 

south region. Then, data were re-analyzed with the inclusion of photo-identification data. 

Animals with ≥10 sightings were identified; FST and ΦST values were calculated for these 

animals, first by the location where the sample was collected and then by placing each animal in 

the region where more than 50% of the animal’s sightings were found. Analyses were first 

conducted on all the animals based on sample location and then with the inclusion of sightings 

history data to observe how the addition of photo-identification data may help characterize stock 

structure. 

 

Results 

 

 A total of 69 skin samples for genetic analysis were collected in the estuarine waters near 

Savannah, Georgia (Figure 1.6). Fifty samples were collected through biopsy efforts, and 19 

samples were obtained from stranded animals. Twenty-three samples were collected from the 

north region, 14 samples were collected from the buffer region, and 28 samples were collected 

from the south region. Four samples were collected outside of the study area on Tybee Beach 

and upstream Savannah River (Figure 1.6). Fifty-eight samples were matched to known dolphins 

in the Savannah study area catalog, and 45 had 10 or more sightings.  

Five haplotypes were identified from all 69 samples. Four animals were identified as 

Ttr1, 4 were Ttr4, 2 were Tt5, 43 were Ttr6, and 16 were identified as Ttr9 (Table 1.1; Figure 

1.7). The most common haplotype, Ttr6, was found in all three study regions. The next most 

frequent haplotype, Ttr9, was also found in all three regions. Haplotype Ttr1 was found only in 



17 

 

the north and south regions. Ttr4 was found only in the north region, and Ttr5 was found only in 

the buffer and south regions. The distribution of each haplotype is shown in Table 1.1. Haplotype 

and nucleotide diversity for all 69 samples is shown in Table 1.2, for animals with ≥10 sightings 

based on sample location is shown in Table 1.3, and for animals with ≥10 sightings placed in the 

location where ≥50% of their sightings were located is shown in Table 1.4.  

Genetic differentiation (FST and ΦST) was estimated for north versus south, north versus 

buffer, and buffer versus south utilizing three different data analyses. First, FST and ΦST were 

estimated for the sample location of all 69 samples, and no significant differences were observed 

for any comparison after Bonferroni correction (Table 1.5). Second, FST and ΦST were estimated 

based on the sampling location of animals with ≥10 sightings (n=45); only the estimate of FST 

between the north and buffer regions differed significantly from zero (Table 1.6). A significant 

difference was found for FST between the north versus buffer and north versus south when the 

samples were placed by sighting history rather than sample location (Table 1.7). In this case, the 

percentage of sightings in each of the three regions was calculated for each of the 45 individuals, 

and they were placed in the region where 50% or more of their sightings were found.  

 

Discussion  

 

Results from the present study provide insight into fine scale stock structure of common 

bottlenose dolphins in the estuarine waters of Savannah, Georgia, and are one of the first to 

integrate photo-identification sighting histories and genetic analyses for stock differentiation. No 

difference was found in the FST estimates among regions using only sample location of all 

animals, but with the inclusion of photo-identification data, a significant difference was detected 
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between the north and buffer regions and the north and south regions for FST. Integrating photo-

identification with genetics resulted in additional information that would have been undetected 

without the addition of the photo-identification data.  

The western North Atlantic is comprised of a complex mosaic of different common 

bottlenose dolphin stocks (Hayes et al., 2017; Rosel et al., 2009). Multiple studies have identified 

fine scale population structure of common bottlenose dolphins in the western North Atlantic 

(Dowling and Brown, 1993; Rosel et al., 2009), the Gulf of Mexico (Sellas et al., 2005; Vollmer 

and Rosel, 2017a) and other parts of the world (Mirimin et al., 2011). The FST and ΦST values 

found in the pairwise comparisons of the Savannah study area are similar to previous studies on 

the eastern coast of the U.S. (Rosel et al., 2009) and in the Gulf of Mexico (Sellas et al., 2005). 

The present study confirms a similarly complex population structure in the estuarine waters 

around Savannah, Georgia.   

 Recent data (unpub. data. J. Thompson) supported a hypothesis that the north region of 

the study area was genetically separate from the south region and suggested that the current 

boundary between the NGSSCES and CGES stocks of common bottlenose dolphins should be 

moved northward from northern Ossabaw Sound to the Wilmington River. A significant 

difference in FST estimation was found between the north region and the buffer region when 

using animals with ≥ 10 sightings in the analyses, and a significant difference was found between 

the north and the south regions with the inclusion of sighting histories information for animals 

with ≥ 50% of their sightings in one of the regions. Thus, the addition of photo-identification 

data found a significant difference between the north and buffer region and the north and south 

region that would have otherwise been undetected using sample location alone. However, no 

difference was detected between the buffer and south region. It is possible that instead of the 
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Wilmington River being a buffer region, that area is part of the southern region and both are 

separate from the north, thus creating two study regions instead of three. Thus, if true, the border 

of the NGSSCES and CGES Stocks should be moved north to the Wilmington River.  

Another possible interpretation of the results from this study is that the larger tributaries, 

such as the Wilmington River (buffer region) are an area of BSE and coastal stock overlap. The 

mixing of stocks and sampling in these areas may explain why no genetic differentiation was 

found without the inclusion of photo-identification data. Balmer et al. (2013) suggested that in 

southern Georgia, dolphins from the Western North Atlantic South Carolina/Georgia Coastal 

stock were primarily sighted in larger tributaries, and these were potentially areas of shared 

habitat between the BSE and adjacent coastal stock(s). Common bottlenose dolphins are known 

to exhibit seasonal changes in distribution (Mead and Potter, 1995). Often, coastal animals travel 

into bays, sounds and estuaries in the warmer months (Speakman et al., 2010; Balmer et al., 

2013). Remote biopsy sampling was conducted in late February, early March and September, 

which is considered part of the winter and fall seasons, and samples collected from stranded 

animals were collected year round. The animals biopsied in the buffer region may actually be 

coastal animals that had traveled inland or a mixture of coastal animals and estuarine residents. 

The inclusion of coastal animals provides an explanation for the lack of a significant difference 

found using only sample location. Without the inclusion of photo-identification data, a mixture 

of coastal and estuarine animals may have been used in the analysis. Additionally, no significant 

difference was found between the buffer region and the south region. The buffer region may be a 

part of the south region. However, it is also possible there was simply not a large enough data set 

to distinguish between the buffer and the south regions or that many coastal animals are traveling 
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into Ossabaw Sound as well. More samples and further genetic analyses are needed to test such 

hypotheses.  

The sample sizes of 45 to 69 used in this study are small compared to other studies in 

similar habitats (Sellas et al., 2005; Rosel et al., 2009). The probability of making Type I and 

Type II errors increases with a small sample size. To truly examine the stock structure of the 

southern portion of the NGSSCES stock, more genetic samples are needed from the entire study 

area. Along with more samples, supplementary analyses are needed.  It is important to utilize 

more than one type of marker when making inferences about the genetic structure of populations 

(Sellas et al., 2005). Mitochondrial DNA is inherited maternally (Avise et al., 1987), and changes 

in the DNA result from mutation events (Brown et al., 1979). Therefore, the high mutation rate 

of mtDNA makes it useful for mapping lineage through females. However, to fully compare the 

genetic differences among locations, nuclear DNA (nDNA) analysis, for example microsatellites, 

should be included. Unlike mtDNA, microsatellites are inherited from both parents and may 

provide a more thorough examination of relatedness and gene flow (Rosel et al., 2017b). Future 

studies should include microsatellite data in addition to mtDNA to acquire a more 

comprehensive assessment of a stock’s structure.  

The methods used in this study can benefit to future studies. Adding sighting history data 

strengthened the results and showed stronger subdivision between populations. Clearly adding 

supplemental data, such as photo-identification, to a genetic analysis can improve studies of 

stock structure. Using sighting history in this study may have reduced the number of coastal 

animals included in the analyses and therefore revealed a difference in the estuarine population. 

More samples and microsatellite data from the entire study region are needed to accurately 

examine the southern portion of the NGSSCES stock. Integrating genetics and photo-
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identification data, when available, may help better elucidate stock structure and thus better 

inform management decisions. Future studies could aim to collect samples from the entire 

NGSSCES stock, which could determine if at a similar geographic scale, there is differentiation 

somewhere else in the stock. Further, similar analyses could be conducted in southern GA, where 

some photo-identification data are available (Balmer et al., 2013), to compare to results from this 

study. 

Genetic data are the primary type of data used to delineate cetacean stocks; however, 

additional information such as photo-identification can help identify potential stock boundaries 

that can then be tested with genetic data. The NGSSCES Stock of common bottlenose dolphins is 

a strategic stock under the MMPA. The dolphins in the Savannah area are known to interact with 

recreational and commercial fishing vessels (Perrtree et al., 2014). These human-interaction 

behaviors in the Savannah area were found at a much higher rate than in other areas with known 

human-interaction behaviors (Perrtree et al., 2014). Interactions between dolphins and humans 

can lead to injury, mortality (Donaldson et al., 2010), and behavioral changes (Mann and Smuts, 

1999; Orams, 2002; Hazelkorn et al., 2016). There is currently no abundance estimate nor 

estimate of Potential Biological Removal for the NGSSCES Stock; yet, a recent Atlantic 

Bottlenose Dolphin Take Reduction Team noted that the common bottlenose dolphins in the 

Savannah area may be close to exceeding PBR due to crab pot entanglements. With little known 

about the dolphins in the Savannah area coupled with the threat of anthropogenic impacts, it is 

imperative to combine methods such as genetics and photo-identification to better understand the 

structure of the NGSSCES Stock. The inclusion of spatial data may give a more accurate 

representation of stock structure and genetic make-up of a population. Therefore, methods in this 

study could be utilized by future studies where long-term photo-identification data are available 
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to improve understanding of the complex stock structure of common bottlenose dolphins in 

estuarine waters.  
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Table 1.1. Mitochondrial DNA control region haplotypes found among 69 common bottlenose 

dolphins (Tursiops truncatus) sampled in the estuarine waters of Savannah, Georgia. Total 

number of individuals with each haplotype, the number of individuals with each haplotype 

exhibited in the north, buffer, and south regions, and the percentage of each haplotype in the 

sample population.  

 

 

Haplotype 

 

Number of 

Individuals 

Percentage of 

total sample 

population 

Number of 

haplotypes in 

the north 

region 

Number of 

haplotypes in 

the buffer 

region 

Number of 

haplotypes in 

the south 

region 

 

Ttr1 

 

4 

 

0.6% 

 

2 

 

0 

 

2 

Ttr4 4 0.6% 4 0 0 

Ttr5 2 0.3% 0 1 1 

Ttr6 43 62% 13 12 18 

Ttr9 16 23% 7 1 8 
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Table 1.2. Genetic diversity estimates in mtDNA control region sequences including mean 

haplotype diversity (h) and nucleotide diversity (𝝅) based on sample location of all 69 samples 

collected in the estuarine waters of Savannah, Georgia. n sample size, H number of haplotypes, 

SE standard error.  

 n H h (SE) 𝜋 (SE) 

 

All 

 

69 

 

5 

 

0.6905 (0.5306) 

 

0.0019 (0.0016) 

North 26 4 0.8276 (0.6108) 0.0023 (0.0019) 

Buffer 14 3 0.4285 (0.4107) 0.0012 (0.0013) 

South 29 4 0.6748 (0.5313) 0.0019 (0.0016) 
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Table 1.3. Genetic diversity estimates in mtDNA control region sequences including mean 

haplotype diversity (h) and nucleotide diversity (𝝅) based on sample location of animals with 

≥10 sightings from samples collected in the estuarine waters of Savannah, Georgia. n sample 

size, H number of haplotypes, SE standard error.  

 n H h (SE) 𝜋 (SE) 

 

All 

 

45 

 

5 

 

0.6767 (0.5270) 

 

0.0019 (0.0016) 

North 16 4 1.0166 (0.7182) 0.0028 (0.0022) 

Buffer 11 2 0.1818 (0.2534) 0.0005 (0.0008) 

South 18 3 0.7134 (0.5594) 0.0020 (0.0017) 
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Table 1.4. Genetic diversity estimates in mtDNA control region sequences including mean 

haplotype diversity (h) and nucleotide diversity (𝝅) based on sighting history of animals with 

≥10 sightings from samples collected in the estuarine waters of Savannah, Georgia. n sample 

size, H number of haplotypes, SE standard error.  

 n H h (SE) 𝜋 (SE) 

 

All 

 

45 

 

5 

 

0.6767 (0.5270) 

 

0.0019 (0.0016) 

North 18 4 1.0065 (0.7091) 0.0028 (0.0022) 

Buffer 13 2 0.1538 (0.2286) 0.0043 (0.0007) 

South 14 3 0.5494 (0.4796) 0.0015 (0.0015) 
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Table 1.5. Pairwise estimates of genetic differentiation between the north, buffer, and south 

regions in the Savannah study area based on sample collection location of all 69 samples. FST 

and ΦST were estimated among regions in ARLEQUIN 3.5.2.2. FST values are reported below the 

diagonal, and ΦST values are reported above. Bonferroni correction for multiple comparisons was 

used, and no significant difference was found in any pairwise comparison.  

 

 n North Buffer South 

 

North 

 

26 

 

- 

 

0.0.0404 (p = 0.1433) 

 

-0.00209 (p = 0.4069) 

 

Buffer 

 

14 

 

0.11695 (p = 0.0303) 

 

- 

 

 0.03074 (p = 0.2401) 

 

South 

 

29 

 

-0.00405 (p = 0.4219) 

 

0.05567 (p = 0.1341) 

 

- 
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Table 1.6. Pairwise estimates of genetic differentiation between the north, buffer, and south 

regions in the Savannah study area based on sample collection location of animals with ≥ 10 

sightings (n=45). FST and ΦST were estimated among regions in ARLEQUIN 3.5.2.2. FST values 

are reported below the diagonal, and ΦST values are reported above. *Significant difference 

based on Bonferroni correction.  

 

 n North Buffer South 

 

North 

 

16 

 

- 

 

0.0634 (p = 0.0978) 

 

-0.0101 (p = 0.5072) 

 

Buffer 

 

11 

 

0.2237 (p = 0.0147)* 

 

- 

 

 0.0168 (p = 0.2844) 

 

South 

 

18 

 

0.0507 (p = 0.1279) 

 

0.0576 (p = 0.2036) 

 

- 

 

  



29 

 

Table 1.7. Pairwise estimates of genetic differentiation between the north, buffer, and south 

regions in the Savannah study area based on long-term photo-identification data (n=45). FST and 

ΦST were estimated among regions in ARLEQUIN 3.5.2.2. FST values are reported below the 

diagonal, and ΦST values are reported above. *Significant difference based on Bonferroni 

correction.  

 

 n North Buffer South 

 

North 

 

18 

 

- 

 

0.1241 (p = 0.0407) 

 

0.0528 (p = 0.13712) 

 

Buffer 

 

13 

 

0.2969 (p = 0.0018)* 

 

- 

 

-0.0430 (p = 0.9999) 

 

South 

 

14 

 

0.1678 (p = 0.0164)* 

 

-0.0229 (p = 0.5944) 

 

- 

 

  



30 

 

 
Figure 1.1. The Northern Georgia/Southern South Carolina Estuarine System (NGSSCES) Stock 

of common bottlenose dolphins (Tursiops truncatus) on the eastern coast of the United States. 

The NGSSCES stock is continuous in the estuarine waters from the North Edisto River, South 

Carolina to northern Ossabaw Sound, Georgia (Hayes et al., 2017).  
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Figure 1.2. The Savannah study area and the photo-identification survey transect lines. The study 

area includes the inshore waters of Savannah, Georgia from the Savannah River to northern 

Ossabaw Sound. 
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Figure 1.3. The Savannah study area categorized into three segments: a) a north region that 

consisted of the estuarine waters between the Savannah River and the Wilmington River; b) a 

buffer region that included the Wilmington River; and c) a south region that included the area 

between the Wilmington River and northern Ossabaw Sound. 
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Figure 1.4. Biopsy obtained from the right side of 70095 anterior to the dorsal fin in March, 2017 

in Oddingsell River, Savannah, Georgia. Photo taken by Robin Perrtree under permit #14450-01. 

Biopsy conducted by B. Balmer.  
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Figure 1.5. Biopsy sample collected from 70095 in March, 2017 in Oddingsell River, Savannah, 

Georgia. Photo taken by Robin Perrtree under permit #14450-01.  
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Figure 1.6. Biopsy and stranding samples collected from common bottlenose dolphins in 

Savannah, Georgia from the Savannah River to northern Ossabaw Sound. Biopsy samples were 

collected in September 2015 and February and March 2017. Stranding samples were collected 

from July 2008 through April 2017. A total of 69 samples was collected.  
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Figure 1.7. Sixty-nine skin samples collected from common bottlenose dolphins in estuarine 

waters of Savannah, GA from remote biopsies (n=50) and strandings (n=19). Sampling locations 

are color coded to match identified mitochondrial control region haplotype.   
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Chapter 2: Sex-Based Distribution of the Common Bottlenose Dolphin (Tursiops truncatus) 

 

ABSTRACT 

 

 Home range data of separate sexes within a population can provide information on 

population structure, social organization, and mating systems. The size of a home range can be 

sex specific in terrestrial and marine species. The home range size of female mammals usually 

correlates to proximity of resources such as food or substrate while the home range of male 

mammals usually depends on the distribution of females. Sex-specific home range patterns may 

differ among geographic location due to habitat characteristics, mating strategies, and prey 

availability. The purpose of the present study was to estimate sex-specific home range size of 

common bottlenose dolphins (Tursiops truncatus) in the waters around Savannah, GA. Minimum 

convex polygons (MCP) and kernel density estimates (KDE) were calculated in ArcMap 10.2 for 

dolphins with 10 or more sightings (n=81). The mean MCP home range for females (109.83 ± 

53.29 km2; n=57) was not significantly different from the mean MCP home range for males 

(105.34 ± 49.28 km2; n = 24; p = 0.72). Kernel density estimates were created for the 95% 

(females = 202.76 ± 62.95 km2, males = 190.59 ± 49.16 km2), 90% (females = 157.64 ± 55.55 

km2, males = 145.91 ± 44.67 km2), and 50% (females = 38.34 ± 18.01 km2, males =34.36 ± 

13.84 km2) use areas. There was no significant difference in home range size between male and 

female common bottlenose dolphins in the estuarine waters near Savannah, Georgia. The high 

productivity of the estuarine environment, similar body size of both sexes, and high rates of 

human-interaction behavior may explain the similar home range sizes found in the common 

bottlenose dolphins in Savannah, Georgia. Further, the study area size may be smaller than an 

individual’s ranging pattern, and the actual size of a common bottlenose dolphin’s home range 

could have been underestimated. 
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Introduction 

 

Home range data of separate sexes within a population can provide information on 

population structure, social organization, and mating systems (Ribble and Stanley, 1998). A 

home range is defined as an area an animal utilizes for foraging, mating, and caring for young 

(Burt, 1943). The home range size of female mammals usually correlates to proximity of 

resources such as food or substrate (Greenwood, 1980). However, the home range of male 

mammals is usually dependent upon distribution of females (Greenwood, 1980). Thus, females 

tend to remain in their natal area while males disperse over larger areas (Möller and Beheregary, 

2004). Females invest a significant amount of energy into offspring, while males invest little into 

offspring and use energy to search and compete for females (Greenwood, 1980). Thus, ranging 

greater distances to access more females is more advantageous for males (Greenwood, 1980). 

Larger home ranges were found in male moose Alces alces (Cederlund and Sand, 1994), many 

male marsupial species (Fisher and Owens, 2000), and in male grey seals Halichoerus grypus 

(Austin et al., 2004). Out of 27 home range studies conducted on mammals, all but one found a 

larger mean home range size in males than in females (Harestad and Bunnel, 1979).  

Sex-specific home range patterns may differ by geographic location due to habitat 

characteristics, mating strategies, and prey availability (Ballance, 1992). Sarasota Bay, Florida is 

comprised of shallow bays and channels that are protected by barrier islands (Fazioli et al., 

2006). Common bottlenose dolphins (Tursiops truncatus) in this area have high site fidelity 

(Wells et al., 1980; Irvine et al., 1981; Scott et al., 1990), which may be related to structure of the 

habitat (Ballance, 1990) or sustain permanent prey resources that support the localized 

population (Ballance, 1992). In contrast, the Gulf of California has an open coastline with few 

barriers (Ballance, 1992). Common bottlenose dolphins in the Gulf of California ranged farther 
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compared to dolphins in Sarasota Bay, Florida (Ballance, 1992), possibly because an open coast 

supports only temporary food sources (Ballance, 1992). Similarly, photo-identification studies of 

common bottlenose dolphins in the estuarine waters of Charleston, South Carolina show high 

site-fidelity and limited movement patterns (Speakman et al., 2006; Hayes et al., 2017), while the 

dolphins found in open coastal waters outside of the estuary traveled greater distances (Hayes et 

al., 2017).   

The resource competition hypothesis (Clark, 1978) provides an explanation for male-

biased dispersal stating that females have smaller home ranges because they benefit more than 

males from familiarity with food resources (Greenwood, 1980; Möller and Beheregary, 2004). 

Different home range sizes for males and females are common in cetacean species (Wearmouth 

and Sims, 2008). Individuals within a population can differ greatly in ranging patterns (Gubbins, 

2002). In a study of Indo-Pacific bottlenose dolphins (Tursiops aduncus) in Bunbury, Western 

Australia male dolphins had larger home range sizes than females (Sprogis et al., 2016). It was 

hypothesized that this difference increases the opportunity for males to mate with multiple 

females (Sprogis et al., 2016). Möller and Beheregary (2004) used genetic evidence to conclude 

that female Indo-Pacific bottlenose dolphins in two small coastal populations of southeastern 

Australia were more philopatric than the farther ranging males. In Sarasota Bay, Florida male 

common bottlenose dolphins had larger home ranges as compared to females (Owen et al., 

2002). On the contrary, no difference in sex-specific size of home range was found in a study 

near Hilton Head, South Carolina (Gubbins, 2002). 

Home range is measured using multiple methods, such as genetics (Möller and 

Beheregary 2004), satellite-linked telemetry (Mullin et al., 2017; Wells et al., 2017), and photo-

identification. Assignment tests using genetic data can reveal a probability of an animal being 
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from a particular population (Möller and Beheregary 2004). Satellite-linked telemetry can be 

used to track an individual’s ranging patterns (Mullin et al., 2017; Wells et al., 2017), and photo-

identification data can be used to map locations of where an animal has been sighted to estimate 

home range (Gubbins, 2002; Owen et al., 2002). Minimum convex polygons (MCP) and kernel 

density estimates (KDE), which calculate the area utilized by an animals, are often created from 

photo-identification and telemetry data. Nonetheless, each method has limitations (Nilsen et al., 

2008), and it may be necessary to use more than one sampling methodology to assess home 

range.  

Satellite-linked telemetry has been found to be the most effective method in determining 

the ranging patterns of individual common bottlenose dolphins (Balmer et al., 2014). However, 

satellite-linked telemetry can only provide a short-term (weeks to months) look into an animal’s 

ranging patterns (Balmer et al., 2014). Long-term sightings data can be collected through photo-

identification and can provide a more extended look at an animal’s ranging patterns. Photo-

identification can provide sighting locations of an individual over multiple years. However, 

photo-identification techniques have limited geographic coverage and may underestimate the 

size of an individual’s actual home range (Balmer et al., 2014). Both methods can be used to 

estimate MCPs and KDEs. MCPs are a commonly used, standard method for estimating home 

range (Burgman and Fox, 2003). MCPs are constructed around the most outward points and thus 

often over estimate a home range area (Burgman and Fox, 2003). KDEs are considered the most 

robust and beneficial test for home range analyses (Hansteen et al., 1997; Nekolny et al., 2017) 

and may account for some biases resulting from MCPs.  

Knowing the sex of common bottlenose dolphins within a population facilitates the study 

of behavior, breeding systems, and social structure (Gowans et al., 2000; Rosel, 2003; Ermak et 
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al., 2017). Sex-based distribution differences in marine mammals can have implications for 

conservation (Wearmouth and Sims, 2008). For example, home-range differences can make one 

sex more susceptible to human impacts (Sprogis et al., 2016). Human activity may interfere with 

the ability of female common bottlenose dolphins to nurse their calves (Stensland and Berggren, 

2007). Female bottlenose dolphins traveled more frequently when human activity increased off 

the south coast of Zanzibar, which may have reduced the time a female was able to nurse a calf 

(Stensland and Berggren, 2007). 

 Sex can be determined in the field by visual inspection of the genital area, or, in females, 

close association with a calf (Mann et al., 2000). However, in-field sex determination of common 

bottlenose dolphins poses many challenges. The morphology of both sexes of common 

bottlenose dolphins is similar making it impractical to separate sexes in the field (Rosel, 2003; 

Rowe and Dawson, 2009). The inshore waters near Savannah, Georgia are extremely turbid and 

have very low visibility. The morphological similarities of the common bottlenose dolphins and 

low visibility of the water make identifying separate sexes in the estuarine waters of Savannah, 

Georgia difficult.  

   The Northern Georgia/Southern South Carolina Estuarine System (NGSSCES) Stock of 

common bottlenose dolphins continues from the North Edisto River in Charleston, South 

Carolina to northern Ossabaw Sound in Georgia (Figure 2.1). Little is known about the 

NGSSCES Stock including sex-specific home ranges. The purpose of the present study was to 

estimate sex-specific home range size of common bottlenose dolphins in waters near Savannah, 

GA.  

 

 



42 

 

Methods 

 

 The study area comprised the estuarine waters near Savannah, GA from the Savannah 

River to northern Ossabaw Sound (Figure 2.2). Photo-identification surveys were conducted 

within the study area from April 2009 – June 2015. Surveys were conducted along previously 

determined transects (Perrtree et al., 2014). A photograph of the dorsal fin of each dolphin within 

a sighting was attempted using digital SLR cameras (Cannon EOS 40D and Nikon D90) with 70-

300 mm or 70-400 mm zoom lenses. At each sighting, location was recorded using a Garmin 

GPS. Dolphins were considered a group if they were within 100m of each other moving in the 

same direction and engaging in similar behaviors (Shane, 1990). Sightings lasted a minimum of 

five minutes and a maximum of thirty minutes or until photo coverage of all dolphins was 

obtained. Genetics was used to determine sex due to the difficulty of identifying sex in the field. 

Additional animals were identified as female if they had been seen on three or more separate 

occasions with a calf.  

Remote biopsy sampling was conducted in September 2015 and February and March 

2017. The sample was collected from below the dorsal fin on either side of the animal (Gorgone 

et al., 2008). One section with half of the skin was placed directly into a 5mL 20% 

DMSO/saturated NaCl vial for genetic use. Additional skin samples from stranded dolphins were 

collected from July 2008 through April 2017. Skin samples from stranded animals were placed 

into 5mL 20% DMSO/saturated NaCL vials and stored at room temperature.  

DNA was extracted from all samples using the Qiagen DNeasy Blood and Tissue 

extraction kit. The quantity of extracted DNA was measured via fluorometry on a Hoefer DyNA 

Quant 200 fluorometer, and the extracted DNA was held at 4°C until used in a PCR reaction. A 

PCR reaction that simultaneously targets the ZFX and SRY genes was used; the SRYF and 
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SRYR primers are paired to target a Y-chromosome specific region while the ZFXF and the 

ZFXR primers target an X-chromosome specific region (Rosel, 2003). PCR reactions consisted 

of 1 µl of extracted 25 ng/µl DNA in a 24 µl reaction containing 17.45 µl of MQH2O, 2.5 µl of 

10X Taq DNA polymerase PCR buffer (200 µM Tris HCl), 0.75 µl of 50 µM MgCl2, 0.15 µl of 

25mM dNTPs, 0.15 µl of 5 µ/µl Taq DNA polymerase (Thermo Fisher Scientific), 0.75 µl of 10 

µM SRYF, ZFXF, ZFXR, and 0.75 µl of 2µM SRYR primers. DNA from a known male and 

female were used as controls. The cycling profile consisted of 92°C for 30 seconds followed by 

35 cycles of 94°C for 30 seconds, 51°C for 45 seconds, 72°C for 45 seconds, held at 72°C for 7 

minutes after cycling, then held at 4°C. A 2.5% agarose gel in 1X sodium borate was used in gel 

electrophoresis. Five µl of a lambda Hind III ladder was placed in the first well, and positive 

male and female controls and a negative control were placed in the last three wells of each gel. 

Three µl of 6X orange dye was added to each PCR product, and the total volume was run on the 

gel at 60 V for 45 minutes. Samples that displayed a band for only the ZFX-gene at 380bp were 

identified as females. Samples that displayed a band at both the ZFX-gene and SRY-gene, 380bp 

and 340bp respectively, were identified as males.  

 Dorsal fin photos were graded for photographic quality and distinctiveness using the 

protocols developed for the Mid-Atlantic Bottlenose Dolphin Photo-Identification Catalog 

(Urian et al., 1999; Friday et al., 2000). Images were matched to other survey efforts, and a 

catalog was created for the Savannah area. All sightings of individual males and females were 

mapped in ArcMap 10.2. Home range was calculated for all animals that had been sighted 10 or 

more times. Animals with 10 or more sightings were used in the analyses to ensure enough 

locations were incorporated to accurately represent an animal’s home range (Urian et al., 2009).  
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Two methods of calculating home range were used: minimum convex polygons (MCP) 

and kernel density estimates (KDE). MCPs were created in ArcMap 10.2 (ESRI, Redlands, CA) 

using projection UTM zone 17N, and the area in km2 of the polygon was calculated. A MCP is 

the smallest area that encompasses all sighting locations (Burgman and Fox, 2003). Kernel 

density estimates were also created in ArcMap 10.2 using projection UTM zone 17N with an 

output cell size of 100 m2 and search radius default of the shortest distance between the output 

spatial reference divided by 30. KDEs were calculated for 95%, 90%, and 50% use areas. Mean 

home range and standard deviation for males and females were calculated for both MCPs and all 

KDE use areas. An unpaired t-test calculated in IBM SPSS Statistics 20 was used to test for a 

significant difference of means between male and female MCPs and KDEs.  

 

Results 

 

 Fifty biopsy samples were collected from common bottlenose dolphins in the estuarine 

waters of Savannah, Georgia in September 2015 and February and March 2017. Nineteen 

additional samples were collected from stranded dolphins between July 2008 and April 2017 for 

a total sample size of 69. Sex was determined for all; 29 were female and 40 were male (Figure 

2.3). Fifty-eight samples were matched to known dolphins in the Savannah study area catalog, 

and 46 had 10 or more sightings. One animal sampled outside of the study area was not included, 

reducing the total number of dolphins with 10 or more sightings to 45. Additional unsampled 

animals with ≥10 sightings were identified as female if sighted three or more times on three 

separate occasions with a calf (unpub. data, J. Rutland).  An additional 36 known females from 

the Savannah catalog were added for a total sample size of 81: 57 were females and 24 were 

males.  
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 MCPs were created for the 57 females (Table 2.1; Figure 2.4) and the 24 males (Table 

2.2; Figure 2.5). There was no significant difference between mean home range for females 

(109.83 ± 53.29 km2) and mean home range for males (105.34 ± 49.28 km2; p = 0.72). KDEs 

were also created for the 57 females (Table 2.3; Figure 2.6) and 24 males (Table 2.4; Figure 2.7). 

KDEs were created for the 95%, 90%, and 50% use areas. The mean 95% home range use area 

for females (202.76 ± 62.95 km2) was not significantly different from that for males (190.59 ± 

49.16 km2; p = 0.40). The mean 90% home range use area for females (157.64 ± 55.55 km2) was 

not significantly different from that for males (145.91 ± 44.67 km2; p = 0.36). The mean 50% 

home range use area for females (38.34 ± 18.01 km2) was not significantly different from that for 

males (34.36 ± 13.84 km2; p = 0.33).  

 

 

Discussion 

 

 There was no significant difference in home range size (MCP and KDE) between male 

and female common bottlenose dolphins in the estuarine waters near Savannah, Georgia. In 

contrast, most male mammals have larger home ranges than females (Greenwood, 1980). The 

factors that influence female home range usually determine home range size of males (Fisher and 

Owens, 2000). Male movement is reliant upon location of females because a male’s reproductive 

success depends on the number of mates that are available (Clutton-Brock, 1989). However, the 

results from this study revealed that there was no significant difference in home range size of 

common bottlenose dolphins in the Savannah area.  

 Estuaries are known feeding grounds for populations of common bottlenose dolphins 

(Shane, 1990; Ballance, 1992). Estuarine environments are highly productive and contain the 

prey species common to the dolphin diet (Shane, 1990; Ballance, 1992). Prey of resident 



46 

 

estuarine dolphins in Sarasota Bay, Florida were found to be associated with vegetated habitats 

(Barros and Wells, 1998). In an area where vegetation and prey sources are abundant, there may 

be many female dolphins that do not have to travel far for food. If there is an abundance of 

females and resources, male dolphins would not need to travel far in search of mates. Thus, a 

highly productive estuarine environment, such as in Savannah, Georgia, may support enough 

resources to maintain an adequate number of females that, in turn, supports males. If males do 

not have to travel farther distances in search of females, this condition may explain the similar 

home range size found for both sexes in this area.  

 The MCP results from this study are slightly smaller but similar to results from Balmer et 

al. (2014). Photo-identification surveys, vessel-based radio telemetry, automated radio telemetry 

systems, and satellite-linked telemetry were used to assess the geographic boundaries of common 

bottlenose dolphin stocks between Sapelo Sound, Georgia and St. Simons Sound, Georgia 

(Balmer et al., 2014). A majority of the MCP areas were found to be between 100 and 200 km2 

(n = 14), followed by less than 100km2 (n = 7) for all methods of estimating home range 

combined (Balmer et al., 2014). By comparison, in Savannah, an even number of MCPs were 

between 100 and 200km2 (n = 39) as were less than 100km2 (n = 39). Satellite-linked telemetry 

resulted in larger home range estimates than photo-identification data (Balmer et al., 2014).  

However, the MCP calculations that used only photo-identification data resulted in a mean MCP 

area of 90 km2, which is similar to the combined mean in the Savannah area (107.5 km2). 

 Results from the present study are also similar to Mullin et al. (2017) who used satellite-

linked telemetry data to estimate ranging patterns of common bottlenose dolphins in Mississippi 

Sound, Mississippi. These authors found no significant difference in home range size between 

males and females; however, the mean 95% and 50% KDE areas for both males and females 
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were much smaller than those observed in the Savannah area. The mean 95% and 50% KDE 

areas for females in Mississippi Sound were 112.1 and 25.4 km2, respectively and 89.1 and 21.2 

km2 for males. Similarly, Owen et al. (2002) calculated KDEs of male to male pairs and 

individual common bottlenose dolphins in Sarasota Bay, Florida based on photo-identification. 

Paired males had a 95% use area of 162.5 km2 and 50% use area of 28.7 km2. Unpaired males 

had a 95% use area of 72.1 km2 and a 50% use area of 16.6 km2. Both paired and unpaired males 

in Sarasota Bay, Florida had smaller home range sizes compared to male and female common 

bottlenose dolphins in Savannah, Georgia. The larger mean home range sizes found in Savannah, 

Georgia compared to Mississippi Sound, Mississippi and Sarasota Bay, Florida may be due to 

the complex marsh system exhibited in Savannah, Georgia. Land was not extracted from 

analyses in the present study, and some areas that a dolphin cannot access may have been 

included in the home range estimations. The intricate marsh system and possible inclusion of 

land masses may have caused the home range estimates in Savannah, Georgia to be 

overestimated.  

The impacts from human-interaction behaviors can affect males and females differently 

(Sprogis et al., 2016). Human-interaction behaviors by common bottlenose dolphins include 

animals becoming conditioned to approaching boats due to direct feeding from tourism 

operators, recreational boaters (Samuels and Bejder., 2004), and commercial fishermen (Finn et 

al., 2008). This behavior can be dangerous to both dolphins and humans (Perrtree et al., 2014).  

Wild common bottlenose dolphins that are routinely fed by humans may become dependent upon 

humans, lose the ability to forage, and starve (Orams, 2002). The dolphins in the estuaries near 

Savannah, Georgia are known to exhibit high rates of human-interaction behavior (Perrtree et al., 

2014). Specifically, begging behavior has been recorded for the Savannah area since 2008. 



48 

 

Begging is described as a dolphin surfacing head-up, with chin out of the water, oriented with 

10m towards the vessel or dock (Perrtree et al., 2014). 

A dolphin’s movement patterns can depend largely on location of prey (Ballance, 1992). 

Consequently, dolphins that interact with humans have been shown to select a habitat with a 

concentration of boaters and thus have smaller home ranges (Chilvers and Corkeron, 2001; Finn 

et al., 2008). Differences in ranging patterns for dolphins that exhibit human-interaction behavior 

have been documented in multiple locations (Mann and Kemps, 2003; Samuels and Bejder, 

2004; Powell and Wells, 2011). At Monkey Mia Resort in Shark Bay, Australia, dolphins 

consistently traveled to the same beach where the animals are routinely hand fed by humans 

(Mann and Kemps, 2003). “Finnick”, a specific dolphin at Monkey Mia, was recorded as never 

leaving the beach and relying solely on handouts (Mann and Kemps, 2003). A study in Panama 

City Beach, Florida, found that dolphins conditioned to human-interaction behavior remained 

within the same 1 n.mile2, while dolphins that did not interact with humans traveled several 

nautical miles (Samuels and Bejder, 2004). Hazelkorn et al. (2016) conducted focal follows to 

examine the behavior of begging and non-begging common bottlenose dolphins in Savannah, 

Georgia. Animals that were identified as beggars displayed a greater percentage of time traveling 

than animals identified as non-beggars. Human-interaction behavior is known to have negative 

effects on individual dolphins (Perrtree et al., 2014; Hazelkorn et al., 2016), yet common 

bottlenose dolphins in Savannah, Georgia that exhibited begging behavior were shown to travel 

more than non-beggars. Thus, the similar home range size found between males and females may 

not be the result of prominent human-interaction behavior exhibited by common bottlenose 

dolphins in Savannah, Georgia.  
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The KDE method has been shown to represent home range better than the MCP method 

(Worton, 1987). An MCP is the smallest area that encompasses all sightings (Nilsen et al., 2008), 

while a KDE shows the use area of an individual based on the density of sightings. MCPs 

estimate the farthest extent of the animal’s home range but can often overestimate the actual size 

(Gubbins, 2002; Nilsen et al., 2008). To understand the biological significance of an animal’s 

home range it is important to understand the use areas within the boundaries of the animal’s 

range (Gubbins, 2002). KDEs estimate the 95%, 90%, and 50% use areas of an individual and 

therefore give a more detailed look at home range. However, it is important to examine the 

limitations of using boat-based photo-identification studies for examining home range.  

The extent to which all home range sizes can be calculated is within the boundaries of the 

photo-identification transects. Surveys are conducted in the estuarine waters between the 

Savannah River and northern Ossabaw Sound, and photo-identification surveys remain on pre-

determined transects within the study area. It is possible that a dolphin examined in this study 

may have a larger home range than what was calculated because it may range outside of the 

limits of photo-identification surveys. Some dolphins may be traveling north of the Savannah 

River, outside of the estuary, or south of Ossabaw Sound. It is possible home range sizes from 

this study were underestimated due to the limited area where photo-identification surveys were 

conducted. Males may be traveling outside of the study area and do in fact have larger home 

ranges, but the sizes of both males’ and females’ home ranges appear the same because the home 

range of the study area may be calculated and not the whole home range of the animal. The 340 

km2 study area was decided upon based on time, effort, and cost of covering the entire area; 

therefore, conducting surveys outside of the current range would be difficult. In the Shannon 

Estuary in Ireland, Ingram and Rogan (2002) found that the study area did not encompass the 
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entire range of the common bottlenose dolphin population in that area. Similarly, Merriman et al. 

(2009) found that the study area in Marlborough Sound, New Zealand did not comprise the entire 

home range of dolphins in that region. Animals are not constrained by study area boundaries, and 

it is unlikely that the boundaries of a given study area encompass the entire home range of an 

individual (Davis, 1953).   

Another confounding factor may have been sample size. The sample size used in this 

study may not accurately represent the entire stock and may not have been large enough to detect 

a significant difference. Additionally, the number of sightings of each individual dolphin may 

not have been large enough to accurately measure the animal’s home range. In this study, 

dolphins that had been sighted on ≥10 occasions were used in analyses. It is possible 10 sightings 

is not enough to accurately measure a common bottlenose dolphin’s home range in Savannah, 

Georgia. There may actually be a significant difference between male and female home range 

size in the Savannah area, but it was not detected due to the small sample size and too few 

sightings of each individual.  

Knowledge of home range size between males and females can help researchers 

understand other aspects of a population (Emlen and Oring, 1977).  Home range may be 

controlled by foraging strategies (Ballance, 1992), body size (Swihart et al., 1988), and social 

structure (Clutton-Brock, 1989). The results from the current study are contrary to most home 

range studies of male and female mammals. No difference was found in home range size 

between male and female common bottlenose dolphins in the Savannah study area. However, 

more samples and a larger survey area are necessary to accurately examine sex-related home 

range differences. Future studies should compare more male and female samples and cover a 

broader geographic range. Common bottlenose dolphin populations in the eastern U.S. are 
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managed as individual stocks (Hayes et al., 2017). To accurately delimit a stock, information on 

the individual’s ranging patterns must be known in order to delineate stock boundaries. The 

common bottlenose dolphins in the Savannah area are known to display high rates of human-

interaction behavior. If home ranges can be accurately identified then management for human-

interaction behaviors can be targeted in those areas. Thus, understanding the ranging patterns of 

the NGSSCES Stock is imperative for proper management.  
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Table 2.1. Minimum convex polygon home ranges of the known female common bottlenose 

dolphins in the estuarine waters of Savannah, Georgia. All sightings of each animal were mapped 

in ArcMap 10.2. MCPs were created and areas were calculated in km2. 

 

Female 

ID # 

Home 

Range 

km2 

# of 

Sightings 

Years 

Seen 

(2000s) 

Female  

ID #  

cont.  

Home 

Range 

km2 

# of 

Sigh

tings 

Years 

Seen 

(2000s) 

10003 101.76 27 09 – 15 70055 133.19 33 09 – 17 

10004 30.63 32 09 – 16 70069 182.88 23 09 – 15 

10005 207.34 36 09 – 16 70094 96.80 13 11 – 15 

20002 81.98 10 09 – 15 70095 60.09 25 09 – 17 

20003 21.28 21 09 – 16 70097 109.69 26 10 – 17 

20007 193.62 29 09 – 17 70102 121.56 35 09 – 17 

20017 125.05 11 09 – 16 70105 98.25 13 13 – 15 

20045 83.49 21 12 – 17 70117 93.42 10 09 – 17 

30003 5.87 13 09 – 15 80001 21.17 48 08 – 17 

30034 161.97 21 09 – 15 80002 93.98 20 09 – 16 

30035 76.69 18 09 – 15 80004 240.10 35 09 – 17 

30037 203.24 40 09 – 16 80007 93.79 32 09 – 15 

30067 33.74 20 11 – 17 80009 145.13 47 09 – 17 

60003 97.83 18 09 – 13 80013 71.51 20 09 – 15 

60004 145.11 48 09 – 17 80022 140.90 26 09 – 17 

60006 79.93 31 09 – 16 80029 108.03 13 09 – 13 

60007 101.32 24 09 – 17 80034 99.76 37 09 – 17 

70011 133.54 19 09 – 16 80038 85.18 23 09 – 16 

70012 159.25 32 09 – 16 80056 109.06 28 09 – 15 

70013 219.31 49 09 – 17 80139 138.74 22 13 – 17 

70018 174.14 30 09 – 17 90006 119.25 24 09 – 16 

70029 134.86 37 09 – 17 90011 105.97 25 09 – 17 

70031 122.34 19 09 – 15 90012 153.39 30 09 – 16 

70035 75.81 38 09 – 16 90029 10.08 20 11 – 17 

70036 118.67 49 09 – 17 90048 28.34 13 13 – 17 

70039 16.92 15 09 – 14 D8-other_Middink 167.32 36 10 – 17 

70041 145.07 16 09 – 14 D8-other_Bugsy 92.98 18 12 – 17 

70045 96.80 22 09 – 17 D4-other_Clean-L 66.21 16 10 – 16 

70052 126.40 18 09 – 16     

        

  Mean ± SD     109.83 ±53.29 km2 
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Table 2.2. Minimum convex polygon home ranges of the known male common bottlenose 

dolphins in the estuarine waters of Savannah, Georgia. All sightings of each animal were mapped 

in ArcMap 10.2. MCPs were created and areas were calculated in km2. 

 

Male 

ID # 

Home 

Range 

km2 

# of 

Sightings 

Years 

Seen 

(2000s) 

Male  

ID # 

cont. 

Home 

Range 

km2 

# of 

Sightings 

Years 

Seen 

(2000s) 

20001 95.36 57 09 – 17 70030 168.32 36 09 – 17 

20005 96.63 14 09 – 13 70034 96.10 16 09 – 17 

20011 109.96 39 09 – 17 70059 144.04 11 10 – 17 

20042 14.85 11 13 – 17 80003 169.92 47 09 – 17 

30024 52.48 24 09 – 16 80011 164.87 36 09 – 16 

30054 41.04 24 11 – 17 80035 112.76 38 09 – 17 

30076 148.85 24 09 – 17 80045 98.23 50 09 – 16 

30078 131.23 20 13 – 17 80110 60.39 21 11 – 17 

60001 140.89 21 09 – 17 80127 22.84 13 13 – 17 

60016 140.89 26 09 – 17 90020 141.58 23 10 – 17 

70009 84.14 24 09 – 17 90043 59.10 15 13 – 17 

70023 184.37 29 09 – 17 D9-other_c&c 49.55 16 10 – 17 

 

  Mean ± SD   105.34 ± 49.28 km2 
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Table 2.3. Kernel density estimates of the 95%, 90%, and 50% use areas of the female common 

bottlenose dolphins in the estuarine waters near Savannah Georgia. All sightings of each animal 

were mapped in ArcMap 10.2. KDEs were created and areas were calculated in km2.  

 

Female 

ID # 

 

95% Use Area 

km2 

90% Use Area 

km2 

50% Use Area 

km2 

10003 233.09 192.81 51.57 

10004 107.10 86.71 23.42 

10005 295.12 213.77 38.60 

20002 207.59 176.93 49.61 

20003 81.73 58.94 20.51 

20007 268.75 204.77 25.20 

20017 245.94 207.55 38.19 

20045 187.9 144.70 35.40 

30003 73.08 46.27 17.95 

30034 248.45 171.54 18.19 

30035 183.57 138.41 19.57 

30037 306.44 234.70 49.24 

30067 111.79 83.52 20.22 

60003 244.24 218.91 73.24 

60004 179.09 118.10 22.29 

60006 207.32 169.76 70.47 

60007 226.39 186.61 31.37 

70011 126.18 71.13 19.70 

70012 240.17 179.61 45.30 

70013 248.74 167.58 34.56 

70018 296.40 250.91 57.06 

70029 241.78 155.88 30.56 

70031 258.22 223.89 61.76 

70035 182.26 148.73 36.63 

70036 178.64 119.31 22.53 

70039 94.21 77.23 28.89 

70041 224.17 168.51 19.92 

70045 195.09 157.83 32.28 

70052 239.91 168.03 36.31 

70055 207.84 142.06 31.15 

70069 310.16 252.16 39.80 

70094 219.09 191.14 58.75 

70095 121.22 82.25 20.99 

70097 224.37 191.52 57.75 

70102 210.022 163.43 41.75 

70105 176.65 143.92 41.62 

70117 188.41 154.11 30.89 

80001 84.59 67.87 21.74 
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80002 235.21 200.13 60.58 

80004 332.28 281.05 102.10 

80007 190.40 129.80 27.30 

80009 141.13 105.98 32.38 

80013 204.80 175.33 62.64 

80022 235.06 175.13 36.89 

80029 205.41 156.10 17.85 

80034 145.02 100.86 20.94 

80038 171.55 108.54 19.67 

80056 225.20 181.18 40.67 

80139 255.12 215.23 42.41 

90006 151.92 88.69 19.62 

90011 213.19 168.06 47.60 

90012 264.29 212.52 76.35 

90029 73.42 55.48 19.46 

90048 123.49 103.53 34.66 

D8-other_Middink 289.38 243.13 50.97 

D8-other_Bugsy 246.13 215.53 62.00 

D4-other_Clean-L 179.09 138.14 36.32 

 

Mean ± SD 

 

202.76 ± 62.95 km2 

 

157.64 ± 55.55 km2 

 

38.34 ± 18.01 km2 
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Table 2.4. Kernel density estimates of the 95%, 90%, and 50% use areas of the male common 

bottlenose dolphins in the estuarine waters near Savannah Georgia. All sightings of each animal 

were mapped in ArcMap 10.2. KDEs were created and areas were calculated in km2.  

Male 

ID # 

 

95% Use Area 

km2 

90% Use Area 

km2 

50% Use Area 

km2 

20001 91.20 74.00 25.10 

20005 212.10 159.30 18.90 

20011 227.00 179.80 34.60 

20042 107.70 88.60 23.97 

30024 136.15 99.69 20.57 

30054 124.80 95.79 22.22 

30076 169.74 85.42 20.84 

30078 265.22 231.49 54.79 

60001 188.56 149.25 44.53 

60016 230.31 168.83 22.61 

70009 202.21 160.09 36.27 

70023 151.82 94.67 22.48 

70030 209.32 150.59 25.98 

70034 230.75 185.08 45.57 

70059 248.11 211.73 39.22 

80003 234.55 150.50 29.85 

80011 274.36 217.36 59.56 

80035 209.88 165.53 34.62 

80045 186.68 146.71 31.50 

80110 151.40 93.32 21.28 

80127 138.74 114.54 29.77 

90020 227.72 189.28 66.17 

 90043  176.76 152.30 58.04 

D9-other_c&c 179.09 138.14 36.32 

    

Mean ± SD 190.59 ± 49.16 km2 145.91 ± 44.67 km2 34.36 ± 13.84 km2 
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Figure 2.1. The Northern Georgia/Southern South Carolina Estuarine System (NGSSCES) stock 

of common bottlenose dolphins (Tursiops truncatus) on the eastern coast of the United States. 

The NGSSCES stock is continuous in the estuarine waters from the North Edisto River, South 

Carolina to northern Ossabaw Sound, Georgia (Hayes et al., 2017).  
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Figure 2.2. The Savannah study area. The study area included the inshore waters of Savannah, 

Georgia from the Savannah River to northern Ossabaw Sound. 
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Figure 2.3. Sampling location of male (blue) and female (red) common bottlenose dolphins in the 

waters near Savannah Georgia. Fifty biopsy samples were collected in September 2015 and 

February and March 2017. Nineteen samples were collected from stranded common bottlenose 

dolphins between July 2008 and April 2017.  
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a) b) 

 
b)  d) 

 
 e)                f) 

Figure 2.4. Minimum convex polygons of select female common bottlenose dolphins in 

Savannah, Georgia. MCPs include all sightings of each individual female: a) 90006 (24 

sightings), b) 80034 (37 sightings), c) 70102 (35 sightings), d) 70039 (15 sightings), e) 70013 

(49 sightings), and f) 30035 (18 sightings). MCPs were created in ArcMap 10.2 in projection 

UTM zone 17N.  
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a)              b)  

 
 c)                                                                          d) 

 
  e)                                                                          f)  

Figure 2.5. Minimum convex polygons of select male common bottlenose dolphins in Savannah, 

Georgia. MCPs include all sightings of each individual male: a) 90043 (14 sightings), b) 80127 

(12 sightings), c) 80045 (49 sightings), d) 70034 (16 sightings), e) 30054 (24 sightings), and f) 

20001 (57 sightings). MCPs were created in ArcMap 10.2 in projection UTM zone 17N. 
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a)               b)  

 
 c)                                                                          d) 

 
 e)                        f) 

Figure 2.6. Kernel density estimates of select female common bottlenose dolphins in Savannah, 

Georgia. KDEs include all sightings of each individual female: a) 90006 (24 sightings), b) 80034 

(37 sightings), c) 70102 (35 sightings), d) 70039 (15 sightings), e) 70013 (49 sightings), and f) 

30035 (18 sightings). Utilization areas are represented in 95%, 90%, and 50% isopleths. KDEs 

were created in ArcMap 10.2 in projection UTM zone 17N.  
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 a)                                                                          b)  

 
 c)                                                                          d) 

 
 e)                                                                          f) 

Figure 2.7. Kernel density estimates of select male common bottlenose dolphins in Savannah, 

Georgia. KDEs include all sightings of each individual male: a) 90043 (14 sightings), b) 80127 

(12 sightings), c) 80045 (49 sightings), d) 70034 (16 sightings), e) 30054 (24 sightings), and f) 

20001 (57 sightings). Utilization areas are represented in 95%, 90%, and 50% isopleths. KDEs 

were created in ArcMap 10.2 in projection UTM zone 17N. 



64 

 

Literature Cited 

 

Austin, D., Bowen, W. D., & McMillan, J. I. (2004). Intraspecific variation in movement 

patterns: modeling individual behavior in a large marine predator. Oikos 105, 15-30.  

Avise, J. C., Arnold, J., Ball, R. M., Bermingham, E., Lamb, T., Neigel, J. E., . . . Saunders, N. 

C. (1987). Intraspecific phylogeography: the mitochondrial DNA bridge between 

population genetics and systematics. Annual Review of Ecology and Systematics 18, 489-

522.  

Baird, R. W., Gorgone, A. M., McSweeny, D. J., Ligon, A. D., Deakos, M. H., Webster, D. L., . . 

. Mahaffy, S. D. (2009). Population structure of island-associated dolphins: evidence 

from photo-identification of common bottlenose dolphins (Tursiops truncatus) in the 

main Hawaiian Islands. Marine Mammal Science 25(2), 251-274.  

Ballance, L. T. (1990). Residence patterns, group organization and surfacing associations of 

bottlenose dolphins in Kino Bay, Gulf of California, Mexico. In S. Leatherwood & R. R. 

Reeves (Eds.), The Bottlenose Dolphin (1st ed., pp. 267-283). San Diego, CA: Academic 

Press.  

Ballance, L. T. (1992). Habitat use patterns and ranges of the bottlenose dolphin in the Gulf of 

California, Mexico. Marine Mammal Science 8(3), 262-274.  

Balmer, B. C., Wells, R. S., Nowacek, S. M., Nowacek, D. P., Schwacke, L. H., McLellan, W. 

A., . . . Pabst, D. A. (2008). Seasonal abundance and distribution patterns of common 

bottlenose dolphins (Tursiops truncatus) near St. Joseph Bay, Florida, USA. Journal of 

Cetacean Research and Management 10(2), 157-167.  

Balmer, B. C., Schwacke, L. H., Wells, R. S., George, R. C., Hoguet, J., Kucklick, J. R., . . . 

Pabst, D. A. (2011). Relationship between persistent organic pollutants (POPs) and 

ranging patterns in common bottlenose dolphins (Tursiops truncatus) from coastal 

Georgia, USA. Science of the Total Environment 409, 2094-2101.  

Balmer, B. C., Schwacke, L. H., Wells, R. S., Adams, J. D., George, R. C., Lane, S. M., . . . 

Pabst, D. A. (2013). Comparison of abundance and habitat usage for common bottlenose 

dolphins between sites exposed to differential anthropogenic stressors within the estuaries 

of southern Georgia, U.S.A. Marine Mammal Science 29(2), 114-135.   

Balmer, B. C., Wells, R. S., Schwacke, L. H., Schwacke, J. H., Danielson, B., George, R. C., . . . 

E. S. Zolman. (2014). Integrating multiple techniques to identify stock boundaries of 

common bottlenose dolphins (Tursiops truncatus). Aquatic Conservation: Marine 

Freshwater Ecosystems 24(4), 511-521.  

Balmer, B. C., Ylitalo, G. M., McGeorge, L. E., Baugh, K. A., Boyd, D. Mullin, K. D., . . . 

Schwacke, L. H. (2015). Persistent organic pollutants (POPs) in blubber of common 

bottlenose dolphins (Tursiops truncatus) along the northern Gulf of Mexico coast, USA. 

Science of the Total Environment 527, 306-312.  



65 

 

Balmer, B., Sinclair, C., Speakman, T., Quigley, B., Barry, K., Cush, C., . . . Zolman, E. (2016). 

Extended movements of common bottlenose dolphin (Tursiops truncatus) along the 

northern Gulf of Mexico’s central coast. Gulf of Mexico Science 33(1), 93-97.  

Barros, N. B., & Wells, R. S. (1998). Prey and feeding patterns of resident bottlenose dolphins 

(Tursiops truncatus) in Sarasota Bay, Florida. Journal of Mammalogy 79(3), 1045-1059.  

Barros, N. B., Ostrom, P. H., Stricker, C. A., & Wells, R. S. (2010). Stable isotopes differentiate 

bottlenose dolphins off west-central Florida. Marine Mammal Science 26(2), 324-336.  

Bearzi, G., Notarbartolo-Di-Sciara, G., & Politi, E. (1997). Social ecology of bottlenose dolphins 

in the Kvarnerić (Northern Adriatic Sea). Marine Mammal Science 13(4), 650-668.  

Bearzi, G., Politi, E., Agazzi, S., Bruno, S., Costa, M., & Bonizzoni, S. (2005). Occurrence and 

present status of coastal dolphins (Delphinus delphis and Tursiops truncatus) in the 

eastern Ionian Sea. Aquatic Conservation: Marine and Freshwater Ecosystems 15, 243-

257.  

Brown, W. M. (1983). Evolution of animal mitochondrial DNA. In M. Nei & R. K. Koehn 

(Eds.), Evolution of Genes and Proteins (1st ed., pp. 62-88). Sunderland, MA: Sinauer 

Associates.  

Brown, W. M., George, Jr, M., & Wilson, A. C. (1979). Rapid evolution of animal mitochondrial 

DNA. Proceedings of the National Academy of Sciences 76(4), 1967-1971.  

Burgman, M. A., & Fox, J. C. (2003). Bias in species range estimates from minimum convex 

polygons: implications for conservation and options for improved planning. Animal 

Conservation 6, 19-28.  

Burt, W. H. (1943). Territoriality and home range concepts as applied to mammals. Journal of 

Mammalogy 24(3), 346-352.  

Cederlund, G., & Sand, H. (1994). Home-range size in relation to age and sex in moose. Journal 

of Mammalogy 75(4), 1005-1012.  

Chilvers, B. L., & Corkeron, P. J. (2001). Trawling and bottlenose dolphins’ social structure. 

Proceedings of the Royal Society of London Series B 268, 1901-1906.  

Clark, A. B. (1978). Sex ratio and local resource competition in prosimian primates. Science 

201(4351), 163-165.  

Clutton-Brock, T. H. (1989). Mammalian mating systems. Proceedings of the Royal Society B 

236, 339-372.  

Curry, B. E. (1997). Phylogenetic relationships among bottlenose dolphins (genus Tursiops) in a 

worldwide context (Unpublished doctoral dissertation). Texas A&M University, College 

Station.  



66 

 

Curry, B. E., & Smith, J. (1997). Phylogeographic structure of the bottlenose dolphin (Tursiops 

truncatus): stock identification and implications for management. Marine Mammal 

Science 3, 327-247.  

Darriba, D., Tboada, G. L., Doallo, R., & Posada, D. (2012). JModelTest 2: more models, new 

heuristics and parallel computing. Nature Methods 9(8), 772.  

Davis, D. E. (1953). Analysis of home range from recapture data. Journal of Mammalogy 34, 

352-358.  

Donaldson, R. H., Finn, H., & Calver, M. (2010). Illegal feeding increases risk of boat-strike and 

entanglement in bottlenose dolphins in Perth, Western Australia. Pacific Conservation 

Biology 16, 157-161.  

Dowling, T. E., & Brown, W. M. (1993). Population structure of the bottlenose dolphin 

(Tursiops truncatus) as determined by the restriction endonuclease analysis of 

mitochondrial DNA. Marine Mammal Science 9(2), 138-155.  

Duffield, D. A., Ridgeway, S. H., & Cornell, L. H. (1983). Hematology distinguishes coastal and 

offshore forms of dolphins (Tursiops). Canadian Journal of Zoology 61, 930-933.  

Eguchi, T. (2002). A method for calculating the effect of a die-off from the stranding data. 

Marine Mammal Science 18(3), 698-709.  

Emlen, S. T., & Oring, L. W. (1977). Ecology, sexual selection and the evolution of mating 

systems. Science 197, 215-223.  

Ermak, J., Brightwell, K., & Q. Gibson. (2017). Multi-level dolphin alliances in northeastern 

Florida offer comparative insight into pressures shaping alliance formation. Journal of 

Mammalogy 98(4), 1096-1104.  

Excoffier, L., & Lischer, H. E. L. (2010). Arlequin suite ver 3.5: A new series of programs to 

perform population genetics analyses under Linux and Windows. Molecular Ecology 

Resources 10, 564-567.  

Fazioli, K. L., Hoffman, S., & Wells, R. S. (2006). Use of Gulf of Mexico coastal waters by 

distinct assemblages of bottlenose dolphins (Tursiops truncatus). Aquatic Mammals 32, 

212-222.  

Finn, H., Donaldson, R., & Calcer, M. (2008). Feeding Flipper: A case study of a human-dolphin 

interaction. Pacific Conservation Biology 14, 215-225.  

Fisher, D. O., & Owens, I. P. (2000). Female home range size and the evolution of social 

organization in macropod marsupials. Journal of Animal Ecology 69(6), 1083-1098.  

Friday, N., Smith, T. D., Stevick, P. T., & Allen, J. (2000). Measurement of photographic quality 

and individual distinctiveness for the photographic identification of humpback whales, 

Megaptera novaeangliae. Marine Mammal Science 16(2), 527-374.  



67 

 

Gannon, D. P., & Waples, D. M. (2004). Diets of coastal bottlenose dolphins from the U.S. Mid-

Atlantic coast differ by habitat. Marine Mammal Science 20(3), 527-545.  

Gorgone, A. M., Haase, P. A., Griffith, E. S., & Hohn, A.A. (2008). Modeling response of target 

and nontarget dolphins to biopsy darting. Journal of Wildlife Management 72(4), 926-

932.  

Gowans, S., Dalebout, M., Hooker, S., & Whitehead, H. (2000). Reliability of photographic and 

molecular techniques for sexing northern bottlenose whales (Hyperoodon ampullatus). 

Canadian Journal of Zoology 78, 1224-1229.  

Greenwood, P.J. (1980). Mating systems, philopatry, and dispersal in birds and mammals. 

Animal Behavior 28, 1140-1162.  

Gubbins, C. (2002). Use of home ranges by resident bottlenose dolphins (Tursiops truncatus) in 

a South Carolina estuary. Journal of Mammalogy 83(1), 178-187.  

Guidon, S., & Gascuel, O. (2003). A simple, fast and accurate method to estimate large 

phylogenies by maximum-likelihood. Systematic Biology 52, 696-704.  

Hansteen, T. L., Andreassen, H. P., & Ims, R. A. (1997). Effects of spatiotemporal scale on 

autocorrelation and home range estimators. Journal of Wildlife Management 61, 280-290.  

Harestad, A. S., & Bunnel, F. L. (1979). Home range and body weight – a reevaluation. Ecology 

60(2), 389-402.  

Hawley, A. H. (1982). Ecology. In J. A. Ross (Ed.), International Encyclopedia of Population 

(1st ed., pp. 159-163). New York, NY: Free Press.  

Hayes, S. A., Josephson. E., Maze-Foley, K., & Rosel, P. E. (2017). US Atlantic and Gulf of 

Mexico marine mammal stock assessments – 2016. NOAA Technical Memorandum 

NMFS-NE-241. pp. 274.  

Hazelkorn, R. C., Schulte, B. A., & Cox, T. (2016). Persistent effects of begging on common 

bottlenose dolphin (Tursiops truncatus) behavior in an estuarine population. Aquatic 

Mammals 42(4), 531-541.  

Hoelzel, A. R., Potter, C. W., & Best, P. B. (1998). Genetic differentiation between parapatric 

“nearshore” and “offshore” populations of the bottlenose dolphin. Proceedings of the 

Royal Society of London B 265, 1177-1183.  

Hohn, A. A. (1997). Design for a multiple-method approach to determine stock structure of 

bottlenose dolphins in the mid-Atlantic. NOAA Technical Memorandum NMFS-SEFSC-

401. pp. 22.  

Hohn, A. A., Thomas, L., Carmichael, R. H., Litz, J., Clemons-Chevis, C., Shippee, S. F., . . . 

Zolman, E. S. (2017). Assigning stranded bottlenose dolphins to source stocks using 

stable isotope ratios following the Deepwater Horizon oil spill. Endangered Species 

Research 33, 235-252.  



68 

 

Ingram, S. N., & Rogan, E. (2002). Identifying critical areas and habitat preferences of 

bottlenose dolphin Tursiops truncatus. Marine Ecology Progress Series 244, 247-255.  

Irvine, A. B., Scott, M. D., Wells, R. S., & Kaufmann, J. H. (1981). Movements and activities of 

the Atlantic bottlenose dolphin, Tursiops truncatus, near Sarasota, Florida. Fisheries 

Bulletin 79, 671-688.  

Jayasankar, P., Patel, A., Khan, M., Das, P., & Panda, S. (2010). Mitochondrial DNA diversity 

and PCR-based sex determination of Irrawaddy dolphin (Orcaella brevirostris) from 

Chilika Lagoon, India. Molecular Biology Reports 38, 1661-1668.  

Kenney, R. D. (1990). Bottlenose dolphins off the northeastern United States. In S. Leatherwood 

& R. R. Reeves (Eds.), The Bottlenose Dolphin (1st ed., pp 369-386). New York, NY: 

Academic Press.  

Kingston, S. E., & Rosel, P. E. (2004). Genetic differentiation among recently diverged 

delphinid taxa determined using AFLP markers. Journal of Heredity 95(1), 1-10.  

Kingston, S. E., Adams, L. D., & Rosel, P. E. (2009). Testing mitochondrial sequences and 

anonymous nuclear markers for phylogeny reconstruction in a rapidly radiating group: 

molecular systematics of the delphininae (Cetacea: Odontoceti Delphinidae). 

Evolutionary Biology 9, pp 245.  

Knutzen, H., Jorde, P. E., Andre, C., & Stenseth, N. (2003). Fine-scaled geographical population 

structuring in a highly mobile marine species: the Atlantic cod. Molecular Ecology 12, 

385-394.  

Krützen, M., Barre, L. M., Möller, L. M., Heithaus, M. R., Simms, C., & Sherwin, W.B. (2002). 

A biopsy system for small cetaceans: darting success and wound healing in Tursiops spp. 

Marine Mammal Science 12, 385-394.  

Krützen, M., Sherwin, W., Berggren, P., & Gales, N. (2004). Population structure in an inshore 

cetacean revealed by microsatellite and mtDNA analysis: bottlenose dolphins (Tursiops 

sp.) in Shark Bay, Western Australia. Marine Mammal Science 20(1), 28-47.  

Mann, J., & Smuts, B. B. (1999). Behavioural development in wild bottlenose dolphin newborns 

(Tursiops sp). Behaviour 136, 529-566.  

Mann, J., & Kemps, C. (2003). The effects of provisioning on maternal care in wild bottlenose 

dolphins, Shark Bay, Australia. In N. Gales, M. Hindell, & R. Kirkwood (Eds.), Marine 

Mammals, Fisheries, Tourism and Management Issues (1st ed., pp 292-305). 

Collingwood, Australia: CSIRO Publishing.  

Mann, J., Connor, R., Barre, L., & Heithaus, M. (2000). Female reproductive success in 

bottlenose dolphins (Tursiops sp): life history, habitat, provisioning, and group-size 

effects. Behavioral Ecology 11, 210-219.  

Marine Mammal Protection Act. (1972). U. S. Marine Mammal Protection Act, amended 2007. 

16 U.S.C. 1361 et seq., 1401-1407, 1538, 4107.  



69 

 

Mazzoil, M., McCullock, S. D., & Defran, R. H. (2005). Observations on the site fidelity of 

bottlenose dolphins (Tursiops truncatus) in the Indian River Lagoon, Florida. Florida 

Scientist 68(4), 217-226.  

McLellan, A. W., Friedlaender, A. A., Mead, J. G., Potter, C. W., & Pabst, D. A. (2002). 

Analyzing 25 years of bottlenose dolphin (Tursiops truncatus) strandings along the 

Atlantic coast of the USA: do historic records support the coastal migratory stock 

hypothesis? Journal of Cetacean Research and Management 4(3), 297-304.  

Mead, J. G., & Potter, C. W. (1995). Recognizing two populations of the bottlenose dolphin 

(Tursiops truncatus) off the Atlantic coast of North America: morphologic and ecologic 

considerations. International Biological Research Institute Reports 5, 31-43.  

Mendes, S., Newton, J., Reid, R. J., Zuur, A. F., & Pierce, G. J. (2006). Stable carbon and 

nitrogen isotope ratio profiling of sperm whale teeth reveals ontogenetic movements and 

trophic ecology. Oecologia 151, 605-615.  

Merriman, M. G., Markowitz, T. M., Harlin-Cognato, A. D., & Stockin, K. A. (2009). Bottlenose 

dolphins Tursiops truncatus abundance, site fidelity, and group dynamics in the 

Marloborough Sounds, New Zealand. Aquatic Mammals 35, 511-522.  

Mirimin, L., Miller, R., Dillane, E., Berrow, S. D., Ingram, S., Cross, T. F., & Rogan, E. (2011). 

Fine-scale population genetic structuring of bottlenose dolphins in Irish coastal waters. 

Animal Conservation 14, 342-33.  

Möller, L. M., & Beheregaray, L. B. (2004). Genetic evidence for sex-based dispersal in resident 

bottlenose dolphins (Tursiops truncatus). Molecular Ecology 13, 1607-1612.  

Mullin, K. D., McDonald, T., Wells, R. S., Balmer, B. C., Speakman, T., Sinclair, C., . . . 

Schwacke, L. H. (2017). Density, abundance, survival, and ranging patterns of common 

bottlenose dolphins (Tursiops truncatus) in Mississippi Sound following the Deepwater 

Horizon oil spill. PLOS One 12(10), pp 30.  

Nekolny, S. R., Denny, M., Biedenbach, G., Howells, E. M., Mazzoil, M., Durden, W. N., . . . 

Gibson, Q. A. (2017). Effects of study area size on home range estimates of common 

bottlenose dolphins Tursiops truncatus. Current Zoology 63(6), 693-701.  

Nei, M. (1987). Molecular Evolutionary Genetics (1st ed.). New York, NY: Columbia University 

Press.  

Nilsen, E. B., Pederson, S., & Linnell, J. D. (2008). Can minimum convex polygon home ranges 

be used to draw biologically meaningful conclusions? Ecological Research 23, 635-639.  

NMFS. (2016). Guidelines for preparing stock assessment reports pursuant to the 1994 

amendments to the MMPA. NMFS Instruction 02-204-01, February 22, 2016.  

 



70 

 

Norris, K. S., Würsig, B., Wells, R. S., Würsig, M., Brownlee, S. M., Johnson, C., & Solow, J. 

(1985). The behavior of the Hawaiian spinner dolphin, Stenella longirostris, National 

Marine Fishers Service, Southwest Fisheries Center Administrative Report LJ-85-06C. 

205-213.  

Orams, M. B. (2002). Feeding wildlife as tourism attraction: a review of issues and impacts. 

Tourism Management 23(3), 281-293.  

O’Brien, J., Berrow, S., Ryan, C., McGrath, D., O’Connor, I., Pesante, G., . . . Whooley, P. 

(2009). A note on long-distance matches of bottlenose dolphins (Tursiops truncatus) 

around the Irish coast using photo-identification. Journal of Cetacean Research and 

Management 11(1), 71-76.  

Oudejans, M. G., Visser, F., Englund, A., Rogan, E., & Ingram, S. (2015). Evidence for distinct 

coastal and offshore communities of bottlenose dolphins in the North East Atlantic. 

PLOS One 10(4), e0122688.  

Owen, E. G., Wells, R. S., & Hofmann, S. (2002). Ranging and association patterns of paired 

and unpaired adult male Atlantic bottlenose dolphins, Tursiops truncatus, in Sarasota, 

Florida, provide no evidence for alternative male strategies. Canadian Journal of Zoology 

80(12), 2017-2089.  

Perrtree, R. M., Kovacs, C. J., & Cox, T. M. (2014). Standardization and application of metrics 

to quantify human-interaction behaviors by the bottlenose dolphin (Tursiops spp.) Marine 

Mammal Science 30, 1320-1334.  

Powell, J. R., & Wells, R. S. (2011). Recreational fishing depredation and associated behaviors 

involving common bottlenose dolphins (Tursiops truncatus) in Sarasota Bay, Florida. 

Marine Mammal Science 27(1), 11-129.  

Quèrouil, S., Silva, M. A., Freitas, L., Prieto, R., Magalhães, S., Dinis, A., . . . Santos, R. S. 

(2007). High gene flow in oceanic bottlenose dolphins (Tursiops truncatus) of the North 

Atlantic. Conservation Genetics 8, 1405-1419.  

Ribble, D. O., & Stanley, S. (1998). Home ranges and social organization of syntopic 

Peromyscus boylii and P. truei. Journal of Mammalogy 79(3), 932-941.  

Rosel, P. E. (2003). PCR-Based sex determination in Odontocete cetaceans. Conservation 

Genetics 4, 647-649.  

Rosel, P. E., Dizon, A. E., & Heyning, J. E. (1994). Genetic analysis of sympatric morphotypes 

of common dolphins (genus Delphinus). Marine Biology 119, 159-167.  

Rosel, P. E., France, S. C., Wang, J., & Kocher, T. D. (1999). Genetic structure of harbor 

porpoise Phocoena phocoena populations in the northwest Atlantic based on 

mitochondrial and nuclear markers. Molecular Ecology 8(1), 541-554.  



71 

 

Rosel, P. E., Hansen, L., & Hohn, A. A. (2009). Restricted dispersal in a continuously distributed 

marine species: common bottlenose dolphins, Tursiops truncatus, in coastal waters of the 

western North Atlantic. Molecular Ecology 18, 5030-5045.  

Rosel, P. E., Wilcox, L., Sinclair, C., Speakman, T., Tumlin, M., Litz, J., & Zolman, E. (2017a). 

Genetic assignment to stock of stranded common bottlenose dolphins in southeastern 

Louisiana after the Deepwater Horizon oil spill. Endangered Species Research 33, 221-

234.  

Rosel, P. E., Taylor, B. L., Hancock-Hanser, B. L., Morin, P. A., Archer, F. I., Lang, A. R., . . . 

Martien, K. K. (2017b). A review of molecular genetic markers and analytical approaches 

that have been used for delimiting marine mammal subspecies and species. Marine 

Mammal Science 33, 56-75.  

Rossman, S., McCabe, E. B., Barros, N. B., Ganhi, H., Ostrom, P. H., Stricker, C. A., & Wells, 

R. S. (2015a). Foraging habits in a generalist predator: sex and age influence habitat 

selection and resource use among bottlenose dolphins (Tursiops truncatus). Marine 

Mammal Science 31(1), 155-168.  

Rossman, S., Ostrom, P. H., Stolen, M., Barros, N. B., Gandhi, H., Stricker, C. A., & Wells, R. 

S. (2015b). Individual specialization in the foraging habits of female bottlenose dolphins 

living in a trophically diverse and habitat rich estuary. Population Ecology 178, 415-425.  

Rowe, L., & Dawson, S. (2009). Determining the sex of bottlenose dolphins from Doubtful 

Sound using dorsal fin photographs. Marine Mammal Science 25(1), 19-34.  

Samuels, A., & Bejder, L. (2004). Chronic interaction between humans and free-ranging 

bottlenose dolphins near Panama City Beach, Florida, USA. Journal of Cetacean 

Research and Management 6, 69-77.  

Scott, G. P., Irvine, A., & Wells, R. S. (1990). A long-term study of bottlenose dolphins on the 

west coast of Florida. In W. F. Perrin, B. Würsig, & J. G. M. Thewissen (Eds.), The 

Encyclopedia of Marine Mammals (1st ed., pp 235-244). Burlington, MA: Academic 

Press.  

Sellas, A., Wells, R. S., & Rosel, P. E. (2005). Mitochondrial and nuclear DNA reveal fine scale 

geographic structure in bottlenose dolphins (Tursiops truncatus) in the Gulf of Mexico. 

Conservation Genetics 6, 715-728.  

Shane, S. H. (1980). Occurrence, movements and distribution of bottlenose dolphin, Tursiops 

truncatus, in southern Texas. Fisheries Bulliten 78(3), 593-601.  

Shane, S. H. (1990). Behavior and ecology of the bottlenose dolphin at Sanibel Island, Florida. 

In S. Leatherwood and R. R. Reeves (Eds.), The Bottlenose Dolphin (1st ed., pp 245-

265). New York, NY: Academic Press.  

 



72 

 

Sinclair, C., Sinclair, J., Zolman, E., Martinez. A., Balmer, B., & Barry, K. (2015). Remote 

biopsy sampling field procedures for cetaceans used during the natural resource damage 

assessment of the MSC252 Deepwater Horizon oil spill. NOAA Technical Memorandum 

NMFS-SEFSC-670. pp 50.  

Speakman, T. R., Zolman, E., Adams, J., Defran, R. H., Laska, D., Schwacke, L., . . . Fair, P. 

(2006). Temporal and spatial aspects of bottlenose dolphin occurrence in coastal and 

estuarine waters near Charleston, South Carolina. NOAA Technical Memorandum NOS-

NCCOS-37. pp 50.  

Speakman, T. R., Lane, S. M., Schwacke, L. H., Fair, P. A., & Zolman, S. (2010). Mark-

recapture estimates of seasonal abundance and survivorship for bottlenose dolphins 

(Tursiops truncatus) near Charleston, South Carolina, USA. Journal of Cetacean 

Research and Management 11(2), 153-162.  

Sprogis, K. R., Raudino, H., & Rankin, R. (2016). Home range size of adult Indo-Pacific 

bottlenose dolphins (Tursiops aduncus) in a coastal and estuarine system is habitat and 

sex-specific. Marine Mammal Science 32(1), 287-308.  

Stensland, E., & Berggren, P. (2007). Behavioral changes in female Indo-Pacific bottlenose 

dolphins in response to boat-based tourism. Marine Ecology Progress Series 332, 225-

234.  

Swihart, R. K., Slade, N. A., & Bergstrom, B. J. (1988). Relating body size to the rate of home 

range use in mammals. Ecology 69(2), 393-399.  

Taylor, B. L. (1997). Defining “population” to meet management objectives for marine 

mammals. In A. E. Dison, S. J. Chivers, & W. F. Perrin (Eds.), Molecular Genetics of 

Marine Mammals (1st ed., pp 48-65). Lawrence, KS: Allen Press.  

Torres, L. G., Rosel, P. E., D’Agrosa, C., & Read. A. J. (2003). Improving management of 

overlapping bottlenose dolphin ecotypes through spatial analyses and genetics. Marine 

Mammal Science 19(3), 502-514.  

Urian. K. W., Hofmann, S., Wells, R. S., & Read, A. J. (2009). Fine-scale population structure of 

bottlenose dolphins (Tursiops truncatus) in Tampa Bay, Florida. Marine Mammal 

Science 25(3), 619-638.  

Urian, K. W., Hohn, A. A., & Hansen, L. J. (1999). Status of the photo-identification catalog of 

coastal bottlenose dolphins of the western north Atlantic: report of a workshop of catalog 

contributors. NOAA Administrative Report NMFS-SEFSC-425. pp 1-24.  

Vollmer, N. L. (2011). Population structure of common bottlenose dolphin in the coastal and 

offshore waters of the Gulf of Mexico revealed by genetic and environmental analyses 

(Unpublished doctoral dissertation). University of Louisiana at Lafayette, Lafayette.  



73 

 

Vollmer, N. L., & Rosel, P. E. (2013). A review of common bottlenose dolphins (Tursiops 

truncatus) in the northern Gulf of Mexico: population biology, potential threats, and 

management. Southeastern Naturalist 12(6), 1-43.  

Vollmer, N. L., & Rosel, P. E. (2017). Fine-scale population structure of common bottlenose 

dolphins (Tursiops truncatus) in offshore and coastal waters of the US Gulf of Mexico. 

Marine Biology 164, 160.  

Wade, P. R., & Angliss, R. P. (1997). Guidelines for assessing marine mammal stocks: report of 

the GAMMS workshop April 3-5, 1996, Seattle, Washington. NOAA Technical 

Memorandum NMFS-OPR-4. pp 121.  

Wearmouth, V. J., & Sims, D. W. (2008). Sexual segregation in marine fish, reptiles, birds and 

mammals: behavior patterns, mechanisms and conservation implications. Advances in 

Marine Biology 54:107-170.  

Wells, R. S. (1991). The role of long-term study in understanding the social structure of a 

bottlenose dolphin community. In K. Pryor & K. S. Norris (Eds.), Dolphin Societies, 

Discoveries and Puzzles (1st ed., pp 199-226). Los Angeles, CA: University of California 

Press. 

Wells, R.S. (2003). Dolphin social complexity: lessons from the long-term study and life history. 

In F. B. Dewall & P. L. Tyack (Eds.), Animal Social Complexity (1st ed., pp 32-56). 

Cambridge, MA: Harvard University Press.  

 

Wells, R.S., & Scott, M. D. (1990). Estimating bottlenose dolphin population parameters from 

individual identification and capture-release techniques. Report of the International 

Whaling Commission. Special Issue 12:407-415.   

 

Wells, R. S., Irvine, A. B., & Scott, M. D. (1980). The social ecology of inshore odontocetes. In 

L. Herman (Ed), Cetacean Behavior: Mechanisms and Functions (1st eds., pp 263-317). 

New York, NY: John Wiley and Sons.  

Wells, R. S., Scott, M. D., & Irvine, A. B. (1987). The social structure of free-ranging bottlenose 

dolphins. In H. H. Genoways (Eds.). Current Mammalogy (1st ed., pp 247-305). New 

York, NY: Plenum Press.  

Wells, R. S., Hansen, L. J., Baldridge, A. B., Dohl, T. P., Kelly, D. I., & Defran, R. H. (1990). 

Northward extension of the range of bottlenose dolphins along the California coast. In S. 

Leatherwood & R. R. Reeves (Eds.). The Bottlenose Dolphin (1st ed., pp 421-431). San 

Diego, CA: Academic Press.  

Wells, R.S., Rhinehart, H. L., Cunningham, P., Whaley, J., Baran, M., Koberna, C., & Costa, D. 

(1999). Long distance offshore movements of bottlenose dolphins. Marine Mammal 

Science 15(4), 1098-1114.  

 



74 

 

Wells. R.S., Rhinehart, H. L., Hansen, L. J., Sweeney, J. C., Townsend, F. I., Stone, R., . . . 

Rowles, T. K. (2004). Bottlenose dolphins as marine ecosystem sentinels: developing a 

health monitoring system. Ecosystem Health 1, 246-254.  

 

Wells, R. S., Schwacke, L. H., Rowles, T. K., Balmer, B. C., Zolman, E., Speakman, T., . . . 

Wilkinson, K. A. (2017). Ranging patterns of common bottlenose dolphins Tursiops 

truncatus in Barataria Bay, Louisiana, following the Deepwater Horizon oil spill. 

Endangered Species Research 33, 159-180.  

 

Wiszniewski, J., Beheregaray, L. B., Allen, S. J., Möller, L. M. (2010). Environmental and social 

influences on the genetic structure of bottlenose dolphins (Tursiops truncatus) in 

Southeastern Australia. Conservation Genetics 11, 1405-1419.  

 

Worton, B. J. (1987). A review of models of home range for animal movement. Ecological  

Modeling 38, 277-298.  

 

Würsig, B. J. (1978). Occurrence and group organization of Atlantic bottlenose porpoises 

(Tursiops truncatus) in an Argentine Bay. Biology Bulletin 154, 348-359.  

 

Würsig, B. J., & Würsig, M. (1977). The photographic determination of group size, composition,  

and stability of coastal porpoises (Tursiops truncatus). Science 198, 755-756.  

 

Würsig, B. J., & Jefferson, T. (1990). Methods of photo-identification for small cetaceans. 

Report of the International Whaling Commission, Special Issue 12, 43-51. 

 

Zolman, E.S. (2002). Residence patterns of bottlenose dolphins (Tursiops truncatus) in the Stono 

River estuary, Charleston County, South Carolina, U.S.A. Marine Mammal Science 18, 

879-892.  

  



75 

 

APPENDIX A 

 

Minimum Convex Polygons of female common bottlenose dolphins in Savannah, GA. 
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APPENDIX B 

 

Minimum convex polygons of male common bottlenose dolphins in Savannah, GA. 
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APPENDIX C 

 

Kernel density estimates of female common bottlenose dolphins in Savannah, GA. 
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APPENDIX D 

 

Kernel density estimates of male common bottlenose dolphins in Savannah, GA. 
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