
Florida State University Libraries

Electronic Theses, Treatises and Dissertations  The Graduate School

2008

Abundance of Bottlenose Dolphins
(Tursiops Truncatus) in the Big Bend of
Florida, St. Vincent Sound to Alligator
Harbor
Reny Blue Tyson

Follow this and additional works at the FSU Digital Library. For more information, please contact lib-ir@fsu.edu

http://fsu.digital.flvc.org/
mailto:lib-ir@fsu.edu


 

FLORIDA STATE UNIVERSITY 

 

COLLEGE OF ARTS AND SCIENCES 

 

 

 

ABUNDANCE OF BOTTLENOSE DOLPHINS (TURSIOPS TRUNCATUS) IN 

THE BIG BEND OF FLORIDA, ST. VINCENT SOUND TO ALLIGATOR 

HARBOR 

 

 

By 

 

RENY BLUE TYSON 

 

 

 

A Thesis submitted to the 

Department of Oceanography 

in partial fulfillment of the 

requirements for the degree of 

Master of Science  

 

 

 

Degree Awarded: 

Fall Semester, 2008  

 

 

 



ii 

 

The members of the Committee approve the thesis of Reny Tyson defended on August 5, 

2008. 

 

___________________________ 

             Douglas Nowacek 

             Professor Co-Directing Thesis 

 

___________________________ 

             William Dewar 

             Professor Co-Directing Thesis 

 

___________________________ 

             Randy Wells 

             Outside Committee Member 

 

___________________________ 

             Jeffrey Chanton 

             Committee Member 

 

 

 

 

Approved:  

 

_________________________________________ 

Dr. William Dewar, Chair, Department of Oceanography 

 

 

The Office of Graduate Studies has verified and approved the above named committee 

members. 



iii 

 

ACKNOWLEDGEMENTS 

I must thank several people for their support and assistance during this process.  First and 

foremost I must thank Dr. Doug Nowacek for his continued support and encouragement.  

He has been my major advisor, my teacher, my mentor, and my friend.  Words cannot 

express how grateful I am to have met him and to have had the amazing opportunity to 

work with and learn from him on a daily basis.  I must next thank my committee 

members, Dr. William Dewar, Dr. Randy Wells, and Dr. Jeff Chanton, for all of their 

expertise, advice, and helpful suggestions along the way.  Many thanks need to be 

expressed to Stephanie Nowacek.  She has been a mentor in teaching me the ways of the 

photo-ID and data worlds and I truly could have not done this work without her help.  I 

must thank Luciana Motta for all of her help in the field and for her commitment to the 

project.  She was truly the best field assistant that anyone could ever ask for or hope to 

work with.  Thanks so much to Brian Balmer, for his guidance and help with the methods 

of this project as well as for his assistance in the field (TCP fo eva!).  Thanks to Bill Pine 

for his assistance with and advice on the mark-recapture analysis.  I must thank Lesley 

Thorne for showing me the ropes in those early days and for being so patient with me 

while I learned how to conduct surveys.  Many thanks go to Veronica Paddy, Katie Van 

Munster, and everyone who assisted in the field.  Thanks to the FSU Oceanography 

Department and FSU Marine Laboratory staffs, particularly Michaela Lupiani, Stephenie 

Brimm, Dennis Tinsley, and Maranda Marxsen for all of their help these past few years.  

I must thank Jeanne Bonds for all of the flexibility she offered concerning our field 

housing.  Thanks to Kim Hull for her advice early on concerning the methods used in this 

study and to Jason Allen for help in the logistics of getting help for field work.  Finally, I 

must thank my family and friends for their continued support and encouragement.  None 

of this would have been possible without them.   



iv 

 

TABLE OF CONTENTS 

 

ACKNOWLEDGEMENTS .................................................................................  iii 

LIST OF TABLES ...............................................................................................  v 

LIST OF FIGURES  ............................................................................................  vi 

ABSTRACT ......................................................................................................  vii 

1.  INTRODUCTION ..........................................................................................  1 

2.  METHDOS ................................................................................................  5 

 Study Area ................................................................................................  5 

 Survey Design .............................................................................................   5 

 Field Effort ................................................................................................  6 

 Photographic-Identification Processing and Analyses  ...............................  7 

 Estimation of Abundance  ...........................................................................  8  

3.  RESULTS  ................................................................................................  18  

 Eastern Survey Area   .................................................................................  18 

 Western Survey Area   ................................................................................  21 

4.  DISCUSSION ................................................................................................  25 

 Estimates of Abundance   ...........................................................................  25  

 Comparison of the Two Survey Areas and the Possibility of Two 

 Distinct Communities  ................................................................................  27 

 Conclusions   ...............................................................................................  31 

TABLES  ................................................................................................  33 

FIGURES  ................................................................................................  37 

APPENDIX A  ................................................................................................  49 

APPENDIX B  ................................................................................................  55 

REFERENCES  ................................................................................................  57 

BIOGRAPHICAL SKETCH  ..............................................................................  63 



v 

 

LIST OF TABLES 

 

Table 1: Summary of effort, numbers of animals marked/captured, 

mark/distinctiveness rates, and estimates of total distinctive plus 

nondistinctive animals captured during each season for each survey area ..........  33 

 

Table 2: Abundance estimates derived from the closed-population models 

implemented in the program CAPTURE for the eastern survey area (St. 

George Sound/Alligator Harbor) in the summer of 2007 and the winter of 

2008    ................................................................................................  34 

    

Table 3: Abundance estimates derived from the closed-population models 

implemented in the program CAPTURE for the western survey area (St. 

Vincent Sound/Apalachicola Bay) in the summer of 2007 and the winter of 

2008    ................................................................................................  35 

 

Table 4: Mean bottom and surface values of temperature, salinity, and 

dissolved oxygen recorded at each site animals were captured for each survey 

area/sampling period  ........................................................................................... 36    

 

Table 5: Summary of results from surveys conducted from May 2004 to Feb 

2008 for waters stretching from St. Vincent Sound to Alligator Harbor ............. 36    



vi 

 

LIST OF FIGURES 

 

Figure 1:  Coastal waters in which mark-recapture photographic-identification 

surveys of bottlenose dolphins (Tursiops truncatus) were conducted .................  37 

 

Figure 2:  Capture locations of bottlenose dolphins in the summer of 2007 and 

the winter of 2008 in the inshore and near-shore waters stretching from St. 

Vincent Sound to Alligator Harbor ......................................................................  38 

 

Figure 3: Frequencies of distinctive bottlenose dolphins captured in the 

summer of 2007 and the winter of 2008 in the nearshore and in-shore waters 

stretching from St. Vincent Sound to Alligator Harbor .......................................   39 

 

Figure 4: Frequencies of animals captured in the eastern survey area (St. 

George Sound/ Alligator Harbor) for the summer of 2007 and winter of 2008 ..   39 

 

Figure 5:  Esitmates of abundance of bottlenose dolphins in the eastern survey 

area (St. George Sound/Alligator Harbor) for the summer of 2007 and the 

winter of 2008 derived from closed-population models ......................................  40 

 

Figure 6: Comparison of effort expended for each survey area/sampling period 

with the derived estimates of abundance and the estimate of the total number 

of distinctive plus nondistinctive animals captured .............................................  41 

 

Figure 7:  Discovery curve for animals captured in the eastern survey area (St. 

George Sound/Alligator Harbor) for the summer of 2007 and winter of 2008 ...    42 

 

Figure 8: Frequencies of animals captured in the western survey area (St. 

Vincent Sound/Apalachicola bay) in the summer of 2007 and winter of 2008 ...   42 

 

Figure 9: Esitmates of abundance of bottlenose dolphins in the western survey 

area (St. Vincent Sound/Alligator Harbor) for the summer of 2007 and the 

winter of 2008 derived from closed-population models ...................................... 43 

 

Figure 10: Discovery curve for animals captured in the western survey area 

(St. Vincent Sound/Apalachicola Bay) for the summer of 2007 and winter of 

2008     ...............................................................................................   43 

 

Figure 11: Esitmates of abundance derived from closed-population models for 

bottlenose dolphins inhabiting the nearshore and in-shore waters stretching 

from St. Vincent Sound to Alligaotor Harbor for the summer of 2007 and the 

winter of 2008 captured while TE .......................................................................  44 

 

Figure 12: Estimates of abundance from the models suggested as being the 

most representative of the data for each survey area/sampling period ................   45 

 



vii 

 

Figure 13: Summed estimates of abundance derived from closed-population 

models for each survey area/sampling period ......................................................   46 

 

Figure 14: Proportion of the times total distinctive animals were captured in 

the survey region from May of 2004 to February 2008 for the eastern and 

western survey areas ............................................................................................  46 

 

Figure 15: Proportion of the number of years distinctive animals were 

captured in the eastern and western survey areas from May of 2004 to 

February 2008   ................................................................................................  47 

 

Figure 16: Discovery curve of the number of new animals identified over time 

in the nearshore and in-shore waters stretching from St. Vincent Sound to 

Alligator Harbor ................................................................................................  47 

 

Figure 17: Frequencies of distinctive animals captured in the survey region 

from May of 2004 to February 2008 ...................................................................  48 

 



viii 

 

ABSTRACT 

Mark-recapture surveys implementing photographic identification techniques were used 

to estimate the abundance of bottlenose dolphins in an area of the Big Bend of Florida, stretching 

from St. Vincent Sound to Alligator Harbor, in the summer of 2007 and winter of 2008.  The 

current population size of individuals in this region is unknown as the most recent abundance 

estimates were calculated based on aerial surveys conducted in 1993.  Recent large scale 

mortality events, together with an increasing potential for human impacts in this area, warrant an 

updated and increased understanding of the abundance and stock structure of dolphins in this 

region.  Because the region is large and recent work here suggests that at least two distinct 

communities exist in these waters, the region was divided into the two areas in which these 

communities appear to reside (St. Vincent Sound/Apalachicola Bay and St. George 

Sound/Alligator Harbor) and independent estimates of abundance were calculated for each area 

and each season.  Closed-population models in the program CAPTURE were used to derive the 

estimates of abundance and the assumptions underlying each model were examined.  The 

estimates calculated from the models selected as being the most appropriate for each data set 

were similar for each survey area for each season:  in the St. Vincent Sound/Apalachicola Bay 

survey area 182 ± 58 animals inhabited the survey area in the summer and 178 ± 77 animals in 

the winter; in the St. George Sound/Alligator Harbor survey area 365 ± 164 animals inhabited 

the survey area in the summer and 359 ± 87 animals in the winter.  Results from this study also 

provided further evidence that at least two communities reside in these waters as only 2.4% of 

animals captured during the study were captured in both survey areas.  If indeed two 

communities exist in these waters, it appears that site-fidelity and/or residence patterns of 

individuals may differ between them; in the St. Vincent Sound/Apalachicola Bay survey area 

49.6% of the total animals captured were captured more than once and 29.6% were captured both 

seasons, while in the St. George Sound/Alligator Harbor survey area 35.3% were captured more 

than once and 13.8% of animals were captured both seasons.  In addition, it appears that the St. 

George Sound/Alligator Harbor survey area supports a greater number of transient animals than 

the St. Vincent Sound/Apalachicola survey area (46.1% of distinctive animals were seen only 

once versus 29.9% respectively). This may be due in part to this survey area being more 

accessible to the open waters of the Gulf of Mexico than the St. Vincent Sound/Apalachicola 

Bay survey area, which is more protected by barrier islands.  The results provided here can be 
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used by the National Marine Fisheries Service to aid in their stock-assessment process and help 

in the management of the animals in this region. 
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INTRODUCTION 

The Big Bend of Florida, defined here as stretching from the Suwannee River to Port St. 

Joe, represents one of the least understood areas of Florida with regard to marine mammal 

populations, specifically to bottlenose dolphins (Tursiops truncatus; Anonymous 2004).  Until 

2004 no systematic surveys of these animals had been carried out in the area (Anonymous 2004, 

Balmer 2007, Nowacek 2008).  In fact, the only published confirmation that bottlenose dolphins 

inhabit these waters comes from aerial surveys conducted over a decade ago, which estimated 

cetacean abundance throughout the Gulf of Mexico (Blaylock and Hoggard 1994, Waring et al. 

2006).  Recent large scale mortality events, together with an increasing potential for human 

impacts in this area, warrant an updated and increased understanding of the abundance and stock 

structure of dolphins in this region.   

In 1999, 2004, and 2005/2006 dolphins from the Big Bend area experienced events in 

which a total of > 300 individuals died (Anonymous 2004, Waring et al. 2006, S. Bowen pers. 

comm. June 3, 2008)  These events  are termed “unusual mortality events” (UMEs) by the 

National Marine Fisheries Service (NMFS) because of their distinct dissimilarity from normal 

stranding patterns in this geographic region (U.S. Congress 1972).  The 1999–2000 and the 2004 

UME started in St. Joseph Bay and extended along the seven counties of the Florida Panhandle 

(Escambia, Santa Rosa, Okaloosa, Walton, Bay, Gulf, and Franklin counties).  All three events 

appear to have been spatially and temporally correlated with blooms of Karenia brevis, the 

dinoflagellate known to cause red tide in Florida (Anonymous 2004, Waring et al. 2006, S. 

Bowen pers. comm. June 3, 2008).  Because the most recent estimates of abundance of dolphins 

in this region are based on 1993 aerial surveys, NMFS has no way of assessing how gravely 

these stocks were affected by these UMEs. 

 Efforts to gain a better understanding of the distribution and behavior of dolphins in 

portions of the Big Bend area were initiated in 2004 (Balmer 2007, Nowacek 2008).  In St. 

Joseph Bay data from photographic-identification mark-recapture surveys (Balmer 2007) suggest 

the bay supports a resident population of 122-152 animals and that there is an influx of animals 

to the area in the spring and fall (estimates of 313-410 and 237-340 total animals respectively).  

Photographic-identification surveys, conducted by Florida State University, have provided a 

baseline understanding of the distribution and behavior of dolphins in the inshore and near-shore 

waters stretching from St. Vincent Sound to Alligator Harbor (Figure 1, A; Nowacek 2008).  
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These surveys, however, were not designed to estimate abundance and therefore the population 

size of individuals in this area is currently unknown.  Results from these surveys, conducted 

from May 2004 to December 2006, show that dolphins inhabit these waters year-round although 

with seasonal and annual variations (Nowacek 2008).  These seasonal variations might be 

directly or indirectly related to changes in water temperature and productivity (Barco et al. 

1999). 

Bottlenose dolphins are distributed relatively continuously in most parts of their range 

(Wells and Scott 1999), although within the continuum apparent range boundaries have been 

established and communities have been defined in many areas (Irvine and Wells, 1972, Irvine et 

al. 1981, Shane 1980, Hansen 1990, Wells 1991).  Sarasota Bay, for example, has a stable 

resident community of approximately 120 individuals that shares home-range borders with 

resident communities from adjacent waters (Wells 2003, Wells 1991).  Transitory movements 

between populations are common, however, especially by males, presumably allowing for 

genetic exchange between resident communities (Scott et al. 1990, Wells 1991, Wells and Scott 

1999).  Seasonal cycles of residency might also occur (Würsig and Würsig 1979, Shane 1980, 

Hansen 1990, Shane 1990, Balmer 2007) and might therefore affect the abundance of animals 

during different seasons.  Nowacek’s (2008) surveys show that many individuals have been seen 

in the present study’s survey region in more than one season (up to four seasons across multiple 

years, including some duplicate seasons in different years) and/or during multiple survey years.  

This finding suggests that both resident and transient dolphins inhabit these waters and that their 

patterns of abundance vary seasonally. 

Currently, groups of bottlenose dolphins that inhabit different bays and estuaries in the 

northern Gulf region are defined by NMFS as separate communities (resident dolphins that 

regularly share large portions of their ranges, exhibit similar distinct genetic profiles, and interact 

with each other to a much greater extent than with dolphins in adjacent waters; Wells et al. 1987, 

Waring et al. 2006).  Results from Nowacek’s (2008) surveys, however, suggest that two distinct 

communities inhabit the present study’s survey region, as only 12 individuals had been sighted in 

both the St. Vincent Sound/Apalachicola Bay area and the St. George Sound/Alligator Harbor 

area (Figure 1, B).  These individuals represent fewer than 5% of all individuals seen more than 

once in the entire survey area.  In addition, combined results from Balmer (2007) and Nowacek 

(2008) suggest that a distinct community exists in St Joseph Bay and westward, as only 12 
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individuals have been sighted both in St. Joseph Bay and in the present study’s survey region.  If 

the communities in these areas are distinct, movements between them might provide for genetic 

exchange. 

The aim of this study was to estimate the abundance of bottlenose dolphins in the coastal 

and inshore waters stretching from St. Vincent Sound to Alligator Harbor, during the summer of 

2007 and winter of 2008 (Figure 1, B).  Because preliminary results suggest that two distinct 

communities reside in these waters (Nowacek 2008) and it would be logistically difficult to 

survey the whole region as one because of its large size, the study region was divided into two 

separate study areas (an eastern and a western area; Figure 1, B) for which separate estimates 

were derived.  Traditional methods that derive estimates of abundance, such as line transect 

surveys (e.g. Blaylock and Hoggard 1994), can be difficult to employ for dolphins, which can be 

difficult to observe and which sometimes inhabit complex, turbid environments and whose 

behavior is often related to the coastal topography (Pollock et al. 1990, Wilson et al. 1999, 

Wilson et al. 1997, Read et al. 2003).  A practical alternative is mark-recapture (or capture-

recapture) techniques, which, when assumptions of the technique are fulfilled, often provide 

more accurate and precise estimates of abundance than do traditional methods (Calambokidis et 

al. 1990, Fairfield 1990, Wilson et al. 1999, Read et al. 2003).  Mark-recapture methods use 

observations of the number of animals marked on an initial sampling occasion and the proportion 

of those marked animals recaptured in subsequent samples to estimate population parameters, 

including abundance (Chapman 1951, Otis et al. 1978, Seber 1982).   

In this study I used photographic-identification mark-recapture techniques to estimate the 

abundance of bottlenose dolphins in the aforementioned region.  Individual animals were 

“marked/captured” for this purpose by obtaining photographic images of their dorsal fins, as 

many dolphins have distinguishable natural markings (Hammond 1990, Wilson et al. 1999, 

Wells 2002); Wells et al. (1996a, b, 1997) estimate that more than 58% of individuals from the 

central west coast of Florida have usable markings.  Such methods of using photographically 

identified individuals have been used increasingly to estimate the population size of cetaceans 

(Hammond 1990, Wells and Scott 1990, Williams et al. 1993, Wells et al. 1996a, b, 1997, 

Wilson et al. 1999, Read et al. 2003, Calambokidis and Barlow 2004, Evans and Hammond 

2004, Balmer 2007).  Capturing the animal in this way is highly desirable as no physical contact 

occurs between the researcher and the study animal (Hammond 1986, 1990, Wilson et al. 1999), 
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thus the animal’s behavior will likely not be affected in any way which may alter the probability 

that it will be captured; a behavioral response will result in a biased estimate (Otis et al. 1978, 

Seber 1982).  Also natural markings are relatively permanent and therefore are preferable to tags 

or artificial marks, which may fall or wear off (Hammond 1986, 1990).   

Photographic-identification techniques have proven reliable in the present study’s survey 

region as approximately 550 animals with identifiable features and many additional 

nondistinctive animals have been photographed during the surveys conducted by Nowacek 

(2008).  In addition, of the 550 identifiable animals, 270 have been seen more than once in the 

survey area.  Thus mark-recapture methods using photographic-identification techniques are a 

viable approach to estimating the abundance of individuals in this region.  The results from this 

study will be a first step in obtaining robust estimates of the abundance of animals in this area 

and can be used as a baseline for future monitoring efforts. 
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METHODS 

Study Area 

The proposed study region (Figure 1, A), encompassed largely within the Apalachicola 

National Estuarine Research Reserve, is one of the most productive and most undeveloped 

estuarine systems in the Northern Hemisphere (Livingston et al. 1998).  The two areas that were 

surveyed are separated topographically by several shoals and oyster bars, which might act as a 

natural barrier between the distinct communities (Figure 1, B).  The western survey area includes 

Apalachicola Bay and St. Vincent Sound and contains approximately 255 km2 of water surface 

area.  The waters in this area are relatively shallow, averaging 3 m; the shallowest occur in the 

northern portions of the bay and sound.  The survey area is bordered to the south by St. Vincent 

Island and St. George Island, although four inlets (Indian Pass, West Pass, Sikes Cut, and St. 

George Sound) provide access from the bay and sound to the Gulf of Mexico.  These inlets, 

together with freshwater flow from the Apalachicola River, significantly affect the exchange 

dynamics and salinity variations in these waters (Niu et al. 1998). 

The eastern survey area includes St. George Sound and all inshore and near-shore waters 

stretching to Alligator Harbor (Figure 1, B).  This area contains approximately 368 km2 of water 

surface area and is bordered by St. George Island in the west, Dog Island and Dog Reef in its 

center, and is generally open to the Gulf of Mexico along the eastern side.  This survey area is 

deeper on average than the western survey area, reaching depths of 9 m along portions of the 

barrier islands and is more open to the Gulf of Mexico than the western survey area. 

 

Survey Design 

The present study was designed specifically to estimate population size with minimum 

bias and maximum precision within practical constraints (Otis et al. 1978).  Each area (east and 

west) was surveyed once to “mark/capture” individuals and a second time to “recapture” 

individuals in June 2007 (summer season) and January/February 2008 (winter season).  Transect 

lines, created in ArcGIS®, were systematically positioned in both survey areas to maximize the 

potential for “capturing” (i.e. taking pictures of) animals under foreseen logistical constraints and 

on the basis of sighting distributions found by Nowacek (2008; Figure 1, B).  Transect lines were 

spaced 2 kilometers apart and approached the 1-meter bathymetric line along shore; the western 

area was divided into 14 transect lines, the eastern area into 22 transect lines.  I surveyed along 
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transect lines to ensure that equal effort (defined here as kilometers traveled) was expended on 

each sampling period and to ensure that the entire region was surveyed uniformly (Otis et al. 

1978, Seber 1982, Pollock et al. 1990).  The eastern area was surveyed completely (mark and 

recapture sessions) before surveys in the western area began.  Within each area, I surveyed a 

portion of the entire area each day and chose the order in which the portions were surveyed using 

a random-permutation computed in MATLAB®.  Weather also dictated boat operations and 

transects selected.  For each survey day/portion, the order in which to run the transect lines 

within that portion was also chosen randomly.  For this study, I assume that the probability of an 

animal occurring at any given location in the survey area is the same for each individual (Seber 

1982, Hammond 1986).  Thus, by surveying the area in a random order and with fixed transect 

lines I aimed to obtain a random sample of the population present at the time of the study, hence 

reducing possible heterogeneity in individual capture probabilities (Otis et al. 1978, Seber 1982, 

Hammond 1986, Pollock et al. 1990).  I completed surveys for each region in as little time as 

possible to allow for the assumption of a closed population as births, deaths, and movements in 

and out of the population are more likely to occur over long time periods (Otis et al. 1978, 

Williams et al. 2002, Read et al. 2003). 

 

Field Effort 

Surveys were conducted on a 6-m, outboard-powered, center-console research vessel, 

which traveled at the minimum speed allowable to maintain a plane during good sighting 

conditions (Beaufort Sea State, BSS, less than or equal to 3).  Researchers on board included 

three to four experienced observers:  one to two photographers, a data recorder, and a boat 

driver.  When a group of dolphins was sighted, the boat left the transect line and slowly 

approached the group.  For every encounter with dolphins, the position of the animals was 

recorded (with a GPS); a field estimate was made of the minimum, maximum, and best number 

of individuals, number of calves, and number of neonates in the group; and behavioral and 

environmental data were recorded (BSS, cloud cover, depth, tide, wind speed and direction, 

bottom and surface salinity, temperature, and dissolved oxygen content).  A Canon-20D with 70–

300 m lens was used to take digital photographs of the dorsal fin and other distinguishing 

features (e.g., peduncle) of each individual in the group.  After an attempt to obtain pictures of 

every individual in the group was made, the boat returned to the location where it left the transect 
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line and continued to follow the predetermined route.  The boat also approached groups of 

dolphins sighted while transiting to/from transect lines in order to increase the sample size and to 

increase the potential for recaptures (Williams et al. 1993, Pine et al. 2003).  Separate estimates 

were made in which these transitory sightings are included (total effort included or TE) and in 

which they are not (only on effort included or OE) in order to explore possible heterogeneity that 

may arise from non-standardized effort.  At the end of each survey day, all photographs and GPS 

data were downloaded onto a computer. 

 

Photographic-Identification Processing and Analyses 

I used the system developed by Urian et al. (1999) to conduct photographic-identification 

processing and analyses.  Dorsal-fin images were cropped (ACDSee 9.0TM), graded on both the 

distinctiveness of the dorsal fin (D) and the quality of the photograph (Q), and matched to 

pictures previously taken of distinctive animals in the region.  Distinctiveness grades were based 

predominantly on the patterns of nicks and notches located along the trailing-edge of each 

dolphin’s dorsal fin.  Dolphins with the most distinctive features (evident in even a poor-quality 

photograph) were scored D1; those with intermediate features (at least two distinguishing 

features or one major feature) were scored D2; and animals with few or no distinctive 

characteristics were scored D3.  Photographic quality grades were based on clarity and contrast 

of the image, angle of the fin to the photographer, and proportion of the frame filled by the fin.  

A photograph that was perfectly focused, had ideal contrast, had the dorsal-fin angled 

perpendicular to the frame of the camera, and filled the majority of the frame was graded Q1; 

one that was still sharply focused, had minimal contrast, had the fin occupying a smaller portion 

of the image, and/or had the fin photographed slightly off angle was graded Q2; and a 

photograph that was out of focus, had excessive contrast, had the fin occupying only part of the 

frame, and/or was off angle was graded Q3.  Two researchers scored each image to limit biases; 

one graded distinctiveness (R. B. Tyson – RBT), the other graded quality (S. M. Nowacek – 

SMN). 

So that subjectivity was minimized and the possibility of making incorrect matches or 

missing matches altogether was reduced, poor-quality photographs and photographs of poorly 

marked dolphins were not used in the mark-recapture analysis (Friday et al. 2000, Stevick et al. 

2001, Read et al. 2003, Friday et al. 2008).  Therefore only animals with distinctiveness grades 
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of D1 and D2 were considered marked and only photographs of marked animals with quality 

grades of Q1 and Q2 were used in the analysis; Read et al. (2003) suggested that estimates 

derived with these restrictions have the optimal trade-off between accuracy and precision.  

Photographs which fulfilled these restrictions were matched to an existing catalog of identified 

animals in the study area created from Nowacek's (2008) efforts.  Photographs of fins in this 

catalog received unique identification numbers based on the locations of the animals' distinctive 

markings along the trailing edges of their fins and were added to the catalog under two 

conditions (Urian et al. 1999).  First, the photograph of the fin had to have a quality grade of Q1 

and a distinctiveness grade of D1 or D2.  This condition ensured that the animal would be 

correctly identified in future sightings.  Second, the image of the fin had to have a quality grade 

of Q2 and a distinctiveness grade of D1 or D2 and had to be identified on two separate survey 

days.  This condition guaranteed that enough images would be available to identify the animal 

successfully in future sightings.  The best left- and right-side pictures of each individual were 

filed in this catalog to assist in the matching process. 

I compared each photograph taken during the mark-recapture surveys that passed all 

restrictions aforementioned to all pictures of identified individuals in the existing catalog.  To 

minimize false positives, as many distinctive features as possible were used to confirm matches 

(Scott and Chivers 1990, Wilson et al. 1999).  Every potential match of an individual dolphin 

from one encounter to another was verified by a second investigator (SMN).  If an animal was 

not matched to the existing catalog it was then compared to photographs from a separate folder 

of individuals that have distinctive features but have not been given identification numbers under 

the criteria of the catalog (“single sights” - e.g., a photograph of an individual with a 

distinctiveness grade of D1 or D2, and a quality grade of Q2, but sighted on only one day).  If a 

photograph could not be matched to the photographs in the catalog of identified individuals or to 

the folder of single sights, it was added to the folder of single sights, which can be matched with 

pictures taken in subsequent surveys.  For the purpose of the mark-recapture estimates the single 

sight individuals were still used in the analysis as it is likely they were appropriately matched if 

encountered during the short time period that this study took place (7-19 days). 

 

Estimation of Abundance 
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For this study, closed-population models (Darroch 1958) available in the program 

CAPTURE (White et al. 1982, Rexstad and Burnham 1992) as well as the Lincoln-Peterson 

estimator were used to estimate the abundance of individuals in the study region.  Four separate 

and independent estimates of population size were made; independent estimates were made for 

each survey area and for each sampling period.   

 

Assumptions of Closed-Population Models.  A closed-population is one in which no known 

changes occur to the initial population during the study (i.e. no known losses or gains between 

sampling periods; Otis et al. 1978, Williams et al. 2002).  These models operate under 

assumptions about the nature of the population under study and the way it is sampled:  (1) marks 

are not lost between sampling occasions, (2) animals do not respond to being captured in a way 

that affects their subsequent probability of recapture, (3) births and deaths do not occur during 

the study, (4) immigration and/or emigration do not occur during the study, (5) marks are 

correctly recognized on recapture, and (6) within a sampling occasion all animal in the 

population have equal probability of being recaptured (Seber 1982, Read et al. 2003).  Violations 

of these assumptions can result in biased estimates; therefore the present study was designed to 

limit such violations (Begon 1983).  Data resulting from the photographic analyses and 

information on the biology of dolphins was used to determine whether these assumptions were 

upheld. 

If the assumption of no mark loss (assumption #1) is violated during the course of a study 

then derived estimates of population size will be biased upwards because fewer recaptures are 

recorded than may have actually taken place (Seber 1982, Hammond 1986, Williams et al. 

2002).  In the present study this assumption is likely to be upheld as individual dolphins were 

identified strictly by marks (e.g. nicks and  notches along the trailing edge of the dorsal fin) that 

are considered long-lasting and potentially permanent (Hammond 1990, Lockyer and Morris 

1990, Wilson et al. 1999, Friday et al. 2000, Whitehead et al. 2000).  Additionally, because this 

study took place over a short period of time (7-19 days) it was unlikely that changes occurred, or 

if they did that they went unnoticed (Otis et al. 1978, Williams et al. 2002).  

If animals respond to being captured in a way that affects their subsequent probability of 

recapture (assumption #2), the resulting estimates of population size can be significantly biased 

(a “trap happy” response will result in negative biases of estimates; a “trap shy” will result in 
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positive biases of estimates).  Because photographic-identification techniques rely on visual 

recognition of existing natural marks, no physical interaction occurred between the subject and 

the researcher (Wilson 1999, Hammond 1986, 1990).  Therefore the animals in this study should 

not have exhibited a behavioral response to capture.  In addition, dolphins in this study region 

live in coastal waters and therefore frequently encounter boats.  Thus the process of being 

captured photographically (approached slowly by a boat and photographed) was unlikely to lead 

to a change in an individual's subsequent behavior, affecting its probability of recapture 

(Hammond 1986, Read et al. 2003). 

If births or deaths occur during the course of the study (assumption #3) then the 

assumption of closure is violated.  The occurrence of births would decrease the proportion of 

animals marked in subsequent samples while the occurrence of deaths would decrease the 

number of available recaptures in subsequent samples.  Both violations would result in the initial 

population size being overestimated.  Bottlenose dolphins have low reproductive rates and high 

survival rates (Wells 1991).  While a limited number of births and deaths may have occurred 

during the sampling period, their low probability of occurrence suggests that the assumption of 

demographic closure was met, or the number was sufficiently small as to have negligible effects 

(Wells and Scott 1999, Read et al. 2003).   

Although dolphins can have wide ranges, immigration and emigration in each survey area 

(assumption #4) should remain relatively low if the study period is kept short (Otis et al. 1978, 

Williams et al. 2002, Read et al. 2003).  Rates of movement between the two study areas (Figure 

1, B) were examined and are expected to be minimal as animals that have been sighted in both 

survey areas from Nowacek’s (2008) surveys have never been sighted in both areas within 12 

days.  Therefore violations of the assumption of demographic closure between the two areas 

should be negligible.  In addition, although bottlenose dolphins are known to occur to the east 

and west of the proposed survey region (Balmer et al. 2007, Waring et al. 2006), only 12 have 

been identified in both the present study’s region and St. Joseph Bay (west of study region), and 

the cross-sightings all occurred during one month (Nowacek 2008).  Although migration into and 

out of these waters could potentially take place, these preliminary results suggest that they are 

unlikely to occur during the study period and if they did, they represent only a small fraction of 

the population size.  No information on such movements is available for animals to the east of 
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the study area, so their importance cannot yet be estimated.  To explore the potential of such 

movements into and out of each area violations to the assumption of closure were examined.   

The assumption that marks are correctly recognized on recapture (assumption #5) can be 

violated if poor-quality photographs or ambiguous markings are used to identify animals (Wilson 

et al. 1999, Friday et al. 2000, Friday et al. 2008).  If violated, an individual that was essentially 

recaptured on subsequent surveys is incorrectly identified as two (or more) nominal individuals.  

Thus the observed number of recaptures will be too small and the total population size will be 

overestimated (Stevick et al. 2001).  In this study only distinctive animals from high to 

intermediate quality photos were used to generate estimates.  Thus animals should be recognized 

correctly on photographic recapture and this assumption should be upheld.   

The assumption that all animals within a sampling occasion will have equal probability of 

being detected (assumption #6) can be violated if the behavior of individuals affects the 

probability of obtaining a useable photograph of that individual so that some animals have a 

higher probability of being caught than other animals (Seber 1982, Hammond 1986, Williams et 

al. 2002).  Characteristics inherent to the individual (e.g., personal preferences for certain areas 

and/or individual surfacing rates, or boat attraction or avoidance), observable factors (e.g., sex, 

age), environmental variables (e.g. temperature, time of day), and/or an individual’s accessibility 

to being captured (influenced by individual home ranges) can all cause heterogeneity of capture 

probabilities (Otis et al. 1978, Seber 1982, Hammond 1986, Williams et al. 2002).  Because this 

assumption can be violated in a variety of ways the surveys have been designed to minimize bias 

and maximize precision within practical constraints.  Despite these attempts heterogeneity might 

not be completely overcome, and thus models that allow relaxation of this assumption were 

applied to the data. 

 

Mark/Capture-Recapture Analysis.   

In mark/capture-recapture methods an initial sample of individuals (n1) is captured, 

marked or tagged for future identification, and returned to the population.  Later, a second 

sample of individuals (n2) is captured, m2 of which are marked or tagged.  If we assume that the 

proportion of marked individuals captured in the second sample is a reasonable estimate of the 

unknown population proportion, the two can be equated and an estimate of N (population size) 

can be obtained (Seber 1982). Thus: 
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This estimator is known as the Lincoln-Petersen estimator (Seber 1982, Chapman, 1951).  The 

Lincoln-Petersen estimator is appropriate when there are just two sampling occasions and the 

interval between sampling occasions is relatively short (Williams et al. 2002).  It has been 

shown, however, that this estimator is biased and the magnitude of this bias inversely related to 

the sample size (Chapman 1951).  Therefore the Chapman modification of the Lincoln-Petersen 

model (Chapman 1951), a bias-adjusted estimator was first applied to the data.  This estimator 

was chosen over the Baileys modification (which requires sampling with replacement) because it 

appears less biased by unequal capture probabilities by repeated sightings of the same individual 

and thus has been suggested to be the most appropriate when using photo-identification data 

(Calambokidis et al. 1990).  The Chapman modification strictly follows the assumptions of a 

closed population and requires sampling without replacement (once an animal is captured during 

the recapture sampling period, it cannot be counted again if recaptured; Chapman 1951).  This 
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and the 95% confidence interval is constructed as:  

) Ñvar(96.1 ±Ñ   
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(Seber 1982).  For each survey period, the sighting histories for all identified individuals was 

separated into two separate sampling occasions of equal survey effort:  the number of individuals 

sampled during the mark occasion (n1) and sampled during the recapture occasion (n2).  The total 

number of individuals seen during both mark and recapture occasions is m2.   



13 
 

 The Lincoln-Petersen estimator requires that all individuals have equal capture 

probabilities; however certain kinds of heterogeneity are allowed (Seber 1982, Hammond 1986).  

If individuals exhibit heterogeneous capture probabilities, but the capture probabilities of an 

individual in the two sampling occasions are completely independent (so animals with a 

relatively high capture probability in the first period do not necessarily have a high capture 

probability again in the second period), an unbiased estimate of population size can still be 

derived by the Lincoln-Petersen estimator (Williams et al. 2002).  If mortality alone occurs 

between samples, the Lincoln-Petersen estimator gives a valid population estimate at the time of 

the first sample.  If birth and/or recruitment alone occur without mortality, the estimate is valid at 

the time of the second sample.  If both mortality with birth and/or recruitment occur, population 

size is overestimated at the time of both samples (Hammond 1986, Williams et al. 2002).   

Additional models that extend to more than two occasions (Schnabel 1938, Darroch 

1958) and that permit the relaxation of one or more of the aforementioned assumptions of closed 

mark-recapture models were also applied to the data.  These models are:  Mt, which relaxes the 

assumption of changes in individual capture probabilities over time; Mh, which relaxes the 

assumption of heterogeneity in individual capture probabilities; Mb, which relaxes behavioral 

response to capture; and more complex combinations of these models that incorporate more than 

one assumption (eg. Mth, Mtb, Mbh, and Mtbh).   These models, as well as an additional null model 

(M0), are available in the program CAPTURE (White et al. 1982, Rexstad and Burnham 1992).  

For use in these models, the data for each survey period were converted from two samples (used 

in the Lincoln-Petersen estimator) into three samples as to increase the precision of the data 

(Thompson et al. 1998; data was divided into three periods of equal effort).  The abundance 

estimate (Ñ), standard error (SE), and 95% confidence interval for each model were calculated 

within CAPTURE.   

The null model (M0) assumes that all individuals (marked and unmarked) have an equal 

chance of being captured at each sampling occasion and that the capture probabilities do not 

change over the course of the study (Darroch 1958, Otis et al. 1978).  This model is generally of 

little use because these assumptions are unrealistic in real-world settings, however it is useful 

when deciding the success or failure of an experiment (e.g. extremely wide confidence intervals 

tend to reveal poor experimental conditions), and thus can be used as a baseline estimator (Otis 

et al. 1978).  M0 is somewhat robust to changes in capture probabilities over time however 
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heterogeneity in capture probabilities will result in a negative bias of the estimates (Otis et al. 

1978).   

Model Mt assumes that every individual (marked and unmarked) has the same probability 

of capture on each sampling occasion but their probability of capture can vary from one 

sampling occasion to the next (Schnabel 1938, Darroch 1958).  When there are only two 

sampling occasions, this model is simply the Lincoln-Petersen estimator.  This model can exhibit 

negative biases if there is heterogeneity in capture probabilities, with the magnitude of the bias 

being proportional to the amount of heterogeneity that is present in the population (Otis et al. 

1978).  However, if the probabilities of capture are on average close to 0.1 or larger, the bias of 

Ñ is not significant (Otis et al. 1978).  Two estimators are available in CAPTURE for this model.  

The Darroch (1958) estimator can be highly biased if there is unequal catchability (Williams et 

al. 2002).  When probabilities of capture are small, the Chao (1989) estimator works well 

(Rexstad and Burnham 1992).  

Model Mh assumes that each individual has its own probability of capture and that over 

time these probabilities do not change (Otis et al. 1978).  This model therefore accounts for 

variations of heterogeneity such age or sex of an individual as well as personal preferences for 

certain areas and/or individual surfacing rates, or boat attraction or avoidance.  The program 

CAPTURE has two estimators for this model.  The jackknife estimation procedure (Burnham 

and Overton 1978, 1979) is the most commonly used approach in estimating animal abundance 

under model Mh as it has performed reasonably well in a variety of situations based on various 

simulation results and thus has proven to be fairly robust (Otis et al. 1978, Williams et al. 2002), 

particularly to temporal variation and to behavioral response under many scenarios (Otis et al. 

1978).  This estimator provides an adequate estimate of population size in an experiment in 

which many animals are caught a relatively large number of times (Otis et al. 1978).  It is the 

oldest widely used estimator for model Mh as it is performs well with respect to model robustness 

(Williams et al. 2002), however it can exhibit negative bias if some members of the population 

are uncatchable (Otis et al. 1978, Burnham and Overton 1979).  Chao (1987, 1988, 1989) 

introduced an alternative moment-based estimator for use with sparse data for Mh.  When capture 

probabilities are small, this estimator is less biased than the jackknife estimator (Rexstad and 

Burnham 1992). 
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The behavioral response model (Mb) assumes that an individual’s capture probability can 

be altered as a result of being previously captured (i.e. animals not previously captured exhibit 

capture probability pc, whereas recaptured animals exhibit capture probability pr) (Zippin 1956, 

Otis et al. 1978).  Their capture probability may increase if they become “trap-happy” or 

decrease if they become “trap-shy” (Otis et al. 1978).  Because this study used photographic-

identification methods to capture individuals, I assumed that there was no behavioral response to 

capture, thus I did not use model Mb or any of the more complex models including relaxation of 

the assumption of behavioral response (e.g. Mtb, Mbh, Mtbh).  

The model Mth, was also applied to the data.  This model allows for capture probabilities 

to vary by sample occasion (Mt) and allows individuals to have different capture probabilities 

(Mh; Otis et al. 1978, Chao et al. 1992).  Here, variation due to time is independent of variation 

due to individual heterogeneity (Otis et al. 1978).  An estimator for this model was developed by 

Chao et al. (1992).  Because this model relaxes multiple assumptions, it is very useful, however 

it has an increased variance (as the number of assumptions is reduced, variance in abundance is 

increased; Thompson et al. 1998).  

Use of an inappropriate model can result in biased estimates of population size (Otis et al. 

1978) thus careful consideration was taken when I chose which model was most suitable for each 

data set.  CAPTURE has a model selection procedure that tries to statistically select the most 

appropriate model for the data with goodness-of-fit tests and between-model tests (Otis et al. 

1978, White et al. 1982, Rexstad and Burnham 1992).  It implements a discriminate function 

procedure based on these tests to compute a score that is treated as a model selection criterion 

(Rexstad and Burnham 1992).  When capture probabilities are high this approach performs well, 

but performance declines rapidly as capture probabilities decline (Otis et al. 1978).   It has been 

suggested therefore that the selection procedure from CAPTURE be used with caution (Menkens 

and Anderson 1988, Stanley and Burnham 1998) as the tests are not independent and often have 

low power especially for small populations (Menkens and Anderson 1988).  Therefore results 

from tests of violations to specific assumptions and model parameters thought to be most 

representative of bottlenose dolphins along the northern Gulf coast of Florida (i.e. capture 

probabilities varying over time; Balmer 2007) were also implemented and the CAPTURE model 

selection procedure was used only to check for evidence of uniform trap response and or high 

heterogeneity in capture probabilities as suggested by Williams et al. (1993).  Because 
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overparameterization results in declining precision in estimators, the model with the fewest 

parameters (simplest) was preferred to more complex models unless the data suggested otherwise 

(Otis et al. 1978, Stanley and Burnham 1998, Williams et al. 2002).  In addition, I tried to avoid 

underparameterization (failure to account for key sources of parameter variation), which would 

provide very precise but very biased results (Stanley and Burnham 1998, Williams et al. 2002).  

Lastly patterns revealed in the data were used as diagnostics of particular models 

appropriateness.   

All of the aforementioned models require that the population under study is closed.  To 

explore the potential of movements into and out of each area violations to the assumption of 

closure were examined.  CAPTURE contains a test of closure (Otis et al. 1978, White et al. 1982, 

Rexstad and Burnham 1992), which attempts to determine statistically if this assumption is met.  

This test is known to have poor power as it is seldom capable of rejecting the null hypothesis of 

closure (it is sensitive to behavioral and temporal variation in capture probabilities and is not 

suitable for detecting situations in which animals emigrate temporarily during the middle of the 

study; Otis et al. 1978, Rexstad and Burnham 1992, Williams et al. 2002).  Therefore it has been 

suggested that the assumption of closure be assessed mainly from a biological basis than 

assessed from any definitive statistical test (Otis et al. 1978).  Thus discovery curves of identified 

individuals over each sampling period and the percentage of recaptures that occurred during the 

study were examined.  In addition, because larger estimates should be obtained when sampling 

over longer time periods if significant immigration and/or emigration occurred during the study 

(Read et al. 2003), I derived estimates from the whole study and compared them to estimates 

derived from only the mark and only the recapture sampling occasions for each survey area and 

sampling period.  If the estimates derived from the longer periods were similar to those derived 

from the shorter time scales then movement was unlikely to be of sufficient magnitude to have 

affected my results (Read et al. 2003).  Consequences of violations to the assumption of closure 

are reviewed by (Kendall 1999). 

The estimates derived to this point only include captures of individuals obtained while 

surveying along the standardized transect lines (OE).  In an attempt to increase the precision and 

accuracy of my population estimates (Hammond 1986, Pine et al. 2003) I also calculated 

estimates that include the captures of all animals encountered during the survey period (i.e., 

animals captured during TE ).  The inclusion of animals captured in the TE was done in an 
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attempt to increase my sample size and increase the probability of capture by making the average 

capture probability as high as possible (Hammond 1986, Pine et al. 2003).  This may have 

introduced possible sources of heterogeneity (e.g. probabilities of capture may have been higher 

for individuals who were captured in areas that were frequented, such as near boat docks) and the 

validity of these results was examined and compared to the estimates derived from the 

standardized transect surveys (OE).  

Additionally, the estimates obtained from the above-mentioned models were based solely 

on the number of distinctive animals (D1 + D2) sighted during a survey period.  If I assume that 

the probability of capture is independent of whether or not an individual has long lasting marks 

(Hammond 1990, Williams et al. 1993) then these estimates can be expanded to include the 

unmarked population (D1 + D2 + D3).  This was achieved by calculating the ratio of distinctive 

animals (D1 + D2) to total animals (D1 + D2 + D3) in all photos that exceeded photo quality 

thresholds (Q1+Q2) that were encountered during the study (θ ).  In this study the variety of skin 

markings (e.g. tooth rake mark, discoloration), which are generally not considered to be long-

lasting, and fin shapes made it possible to distinguish nondistinctive animals (D3) within a 

particular sighting.  Therefore θ  in this study was based on the actual number of distinctive 

versus nondistinctive animals encountered during the study (Wilson et al. 1999).  After summing 

the number of distinctive and total individuals encountered the estimate was derived as: 

θ
Ñ
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where N = the estimated total population size, Ñ = the mark-recapture estimate of the distinctive 

(D1 + D2) animals, and θ = the proportion of distinctive animals in the population (Williams et 

al. 1993, Wilson et al. 1999).  Variances were calculated using the delta method (Wilson et al. 

1999):  
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where n = the total number of animals from which θ  was estimated (Wilson et al. 1999).  The 

95% confidence interval for each estimate was calculated by multiplying the square root of the 

variance by 1.96 and the standard error distribution was assumed to same as the estimate of the 

distinctive population estimate (Williams et al. 1993). 

 



18 
 

RESULTS 

During June of 2007 and January-February 2008, 339 distinctive individuals were 

photographically “captured” in the survey region (Figure 2), of which 42.8% were seen more 

than once (Figure 3).  The number of distinctive animals captured and the mean rate of 

distinctiveness varied between seasons and survey areas sampled, however the total effort and 

effort while surveying on transects were similar within areas for each season (Table 1).   

Movement between the two survey areas was minimal.  In the summer only one animal 

was captured in both survey areas (recaptured within 6 days), in the winter only two animals 

were captured in both areas (recaptured within 11 and 14 days), only one animal was seen in the 

east in the summer and the west in the winter, and only four animals were seen in the west in the 

summer and the east in the winter.  This is only 2.4% of the total animals captured during this 

study and is therefore further evidence that at least two distinct communities reside in the study 

region.  This also supports the assumption of closure between the two study areas during the 

course of this study. 

 

Eastern Survey Area 

 In the eastern study area, 232 distinctive individuals were photographically “captured” 

during the two study periods, of which 35.3% were captured more than once (Figure 4).  In 

addition 32 animals were captured during both seasons (13.8% of the total animals captured in 

the eastern area).  The estimate of total distinctive plus nondistinctive animals captured was 

higher for the winter survey period (194) than for the summer survey period (120; Table 1). 

  

Summer.  During June 3 – June 13, 2007, 103 distinctive individuals were captured in the 

eastern survey area.  Abundance estimates using closed-population models were calculated for 

animals captured while OE and for animals captured during TE (Figure 5, Table 2); this was an 

attempt to increase the sample size and capture probabilities as suggested by Williams et al. 

(1993) and Pine et al. (2003) and as mentioned previously.  For all estimates below the estimator 

derived by Darroch for model Mt and the jackknife estimator for model Mh were chosen over the 

Chao estimators for the same models to calculate estimates of abundance because the data from 

this study were not sparse (Rexstad and Burnham 1992, Williams et al. 2002).   
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 The estimates calculated for the OE data and the TE data differ with the estimates from 

the TE data being positively biased for all but one model (Mth; Figure 5, Table 2).  While it may 

be expected that this difference would be directly related to the effort expended this was not the 

case (Figure 6, A).  While the effort for the TE was more than double the effort for the OE, the 

estimate of total distinctive plus nondistinctive animals captured and the abundance estimates 

derived from the TE were not more than double the estimates derived from the OE data.  Another 

concern with using the estimates from the TE versus the estimates calculated for the OE is that 

the estimates from the TE may exhibit heterogeneity of capture probabilities because animals 

that demonstrate preferences to certain areas (such as near boat ramps) may have a greater 

chance of being captured.  If heterogeneity of capture probabilities is introduced into the data by 

using the estimates from the TE, then the derived estimates from models M0 and Mt would be 

negatively biased and the estimates derived from the Chao Mth model would be appreciably 

larger than the estimate derived from the Darroch Mt model (Chao et al. 1992).  For this 

sampling period it appears that such heterogeneity was not introduced and therefore I suggest the 

estimates from the TE are more precise than the estimates from the OE data because the sample 

size increased, the number of animals recaptured increased, and the coefficients of variation 

generally decreased (Table 2).   

 Since it is known that model selection procedure in the program CAPTURE rarely selects 

the most appropriate model (Menkens and Anderson 1988, Stanley and Burnham 1998), 

information on the biology of the animals captured and the patterns seen in the data were used to 

select the most appropriate model.  Here the estimate derived from the Chao Mth model is 

appreciably larger than the estimate derived from the jackknife Mh model, which suggests that 

there is significant heterogeneity in capture probabilities of animals over time (Chao et al. 1992).  

Therefore the estimate calculated with model Mt for the total effort is probably the most 

appropriate for this sampling period (N=365 ± 164, SE = 71.54, CV=0.20); note the estimates 

from M0 and Mth are very similar to that of Mt.  I predict that the Lincoln-Peterson estimator is 

negatively biased here because there was an increasing trend in animals captured over the course 

of the study (n1 =26; n2=80).  For all other models, the data had been split into 3 occasions to 

increase precision as mentioned previously and the effect from this increasing trend was less 

severe (n1=25; n2=38; n3=53).   
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 The requirement of closure was examined in several ways.  Closure to the west is thought 

to have been maintained as only one animal was seen in both survey areas in the summer. 

Closure to the east and south was harder to assess because the movements of animals in these 

areas is unknown.  The discovery curve shows an increase in new animals throughout the 

sampling period with the number of new animals captured being consistently larger than the 

number of animals previously captured (Figure 7).  The survey, however, was completed within 

only 19 days and 17.4% of the distinctive animals captured were seen more than once.  The 

discovery curve showed these results possibly because there was a sighting of animals in the last 

sampling occasion of animals never before seen in the survey region.  To further assess the 

assumption of closure I compared my estimates to estimates derived from the same data over two 

different time scales (larger estimates should be obtained when sampling over longer time 

periods if significant immigration and/or emigration occurred during the study; Read et al. 2003).  

Survey effort was divided into the initial mark and the initial capture occasions and estimates 

were calculated for each using the Chapman modification of the Lincoln-Petersen estimator.  

Results were expanded to include the proportion of nondistinctive animals for each occasion.   

The estimate from the entire sampling period (N = 248, SE = 42.68, CV=0.17) was not 

significantly greater than the estimate calculated for the mark occasion (N = 213, SE = 89.72, 

CV=0.42) and was less than the estimate calculated for the capture occasion (N = 407, SE = 

149.37, CV=0.37).  This suggests that there was not significant immigration or emigration during 

the study and further suggests that the assumption of closure was upheld.  

 

Winter.  During January 10 – January 18, 2008, 162 distinctive individuals were captured in the 

eastern survey area.   Abundance estimates using closed-population models were calculated for 

animals captured during OE and for animals captured during TE (Figure 5, Table 2).   

For this season the estimates calculated from the OE data were positively biased when 

compared to the estimates calculated from the TE data, for all models except the Mh model.  This 

is probably due to the lower proportion of recaptures in the OE data compared to that in the TE 

data (for the Lincoln-Petersen the recaptures increased 30% with TE and for the remaining 

models the recaptures increased 25% with TE).  Figure 6B shows that the estimates derived from 

the TE show less variance than the estimates derived from OE.  In addition, while the effort 

expended for the TE was more than double that expended while OE, the estimates derived in this 
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study from the TE data were generally less than the estimates derived from the OE data.  The 

concern that using data from the TE would introduce heterogeneity in capture probabilities of 

animals with preferences to certain areas does not seem to have had a significant effect for this 

sample.  Therefore I suggest using the estimates derived from the TE data over using the 

estimates derived from only the OE data as the TE data increases the sample size, increases the 

number of animals recaptured, and its derived estimates generally have lower coefficients of 

variation than those estimated from the OE data (Table 2).   

The diagnostic patterns in the data suggest that there was some heterogeneity in capture 

probabilities over time although the extent of it may have been minimal.  Thus the estimates 

derived from model Mt or from the Lincoln-Petersen model are likely the most appropriate 

(N=373 ± 88, SE = 36.67, CV=0.10 and 359 ± 87, SE = 36.01, CV=0.10 respectively; Table 2).   

However it should be noted that the estimates from all the models are very similar. 

 The assumption of closure is thought to have been upheld because 32.7% of the animals 

seen in the area were seen more than once and the discovery curve seems to level off near the 

end of the survey period with the number of newly captured animals being equal to or less than 

the number of previously captured animals for the last four surveys days (Figure 7).  In addition, 

because only two animals were seen in both survey areas in the winter, closure to the west seems 

to have been upheld.  The data calculated over different time scales also suggest that closure was 

maintained; the estimate from the entire sampling period (N = 359, SE = 36.01, CV=0.10) was 

similar to the estimate calculated for the mark occasion (N = 324, SE = 61.16, CV = 0.19) and to 

the estimate calculated for the capture occasion (N = 372, SE = 90.52, CV=0.24).  Because the 

estimate from the entire survey period was similar to that of the shorter time scales, movement 

was unlikely to be of sufficient magnitude to have affected my results (Read et al. 2003).  

 

Western Survey Area 

 In the western study area 115 distinctive individuals were captured during the two study 

periods, of which 49.6% were captured more than once (Figure 8).  In addition 34 animals were 

captured both seasons (29.6% of the total animals captured).  The estimate of total distinctive 

plus nondistinctive animals was higher in the summer (117) than in the winter (81; Table 1). 
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Summer.  During June 15 – June 22, 2007, 87 distinctive individuals were captured in the 

western survey area.  Abundance estimates using closed-population models were calculated for 

animals captured during OE and for the total number of animals captured during TE (Figure 9, 

Table 3).   

The derived estimates from the TE data compared to those derived from the only OE data 

vary by model implemented, with Mth having the most variance (model Mth may have been 

overfitted as the confidence intervals were wider than the point estimate (N); this corresponds to 

a lack of precision in the parameter estimates (Williams et al. 2002).  Figure 6C shows that while 

the effort for TE was more than double that expended for only OE, the abundance estimates 

derived from the TE data were not consistently double when compared with those derived from 

the OE data.  In addition the estimates derived from the TE data showed less variance than those 

derived from the OE data suggesting they are more precise.  By including the animals captured 

from the TE, the sample size of animals captured increased and the number of recaptures 

increased resulting in lower coefficients of variation and thus more precise estimates of 

abundance (Table 3).  The concern of the introduction of heterogeneity of capture probabilities 

by including such captures does not appear to be significant for this sampling period.  Therefore 

I suggest that the estimates derived from the TE data be preferred to those derived from the only 

OE data.   

The estimates derived from all models are very similar with N ranging from 182 – 211 

individuals suggesting that sources of heterogeneity in capture probabilities are minimal for this 

sample (Figure 9).  Therefore the Chapman modification of the Lincoln-Peterson estimator (the 

estimator with the fewest parameters) was be selected as being the most appropriate for this data 

set (N=182 ± 58, SE = 21.88; CV=0.11).   

The assumption of closure is thought to have been upheld during the short time period of 

which this study was completed (8 days); 31.0% of the animals seen in the area were seen more 

than once and halfway through the survey period the number of animals previously captured 

exceeded that of animals newly discovered (Figure10).  Additionally only one animal captured 

here was also captured in the eastern survey area, further supporting the closure to the east.  The 

data calculated over different time scales also suggests that closure was maintained; the estimate 

from the entire sampling period (N = 182, SE = 20.88, CV=0.11) was less than the estimate 

calculated for the mark occasion (N = 268, SE = 46.27, CV=0.17) and greater than the estimate 



23 
 

calculated for the capture occasion (N = 63, SE = 15.03, CV=0.24). This suggests that there was 

not significant immigration or emigration during the course of this sampling period. 

 

Winter.  During January 29 – February 4, 2008, 63 distinctive individuals were captured in the 

western survey area.  Abundance estimates using closed-population models were calculated for 

animals captured while OE as well as for animals captured during the TE (Figure 9, Table 3).   

The derived estimates from the TE data are somewhat negatively biased for every model 

except the Lincoln-Petersen model when compared to the derived estimates from the only OE 

data.  This is likely because while the sample size slightly increased when including the animals 

captured while in transit the number of recaptures only increased from 8 to 11 animals for the 

Lincoln-Petersen estimator and the number stayed the same for all other estimators.  While the 

TE expended was almost twice as much as the effort expended while OE the estimates from the 

TE data were not twice as much as the estimates from the OE data (Figure 6, D).  The concern 

with introducing sources of heterogeneity of capture probabilities by including such captures 

once again does not appear to be significant.  In addition the sample size increased, the number 

of recaptures increased and the coefficients of variance decreased (except for the null model M0) 

with the estimates derived from the TE data (Table 3) and therefore I suggest once again that the 

estimates derived from the TE data be preferred over the estimates derived from just the OE data. 

The diagnostic patterns in the data suggest that there may have been some heterogeneity 

in capture probabilities over time.  Thus the estimate derived for the TE data by model Mt may 

be the most appropriate for this data set (N=178 ± 77, SE = 29.82, CV=0.17).   I believe that the 

Lincoln-Petersen estimator may be negatively biased because there was an increasing trend of 

animals captured over the course of the study which resulted in the number of captures being 

very different for the two sampling occasions (n1 =18; n2=56).  For all other models, the data had 

been split into 3 occasions and the effect from this increasing trend does not appear to be as 

drastic (n1=15; n2=29; n3=31).   

The assumption of closure is thought to have been upheld.  The study was completed in 

only five days and 17.5% of the animals captured in the area were captured more than once.   

The discovery curve increased over time but because the study was completed in so little time it 

is difficult to assess how much it would have leveled off if the study had continued (Figure 10).  

In addition, only two animals captured during this survey period were also captured in the 
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eastern area and therefore closure to the east was upheld.   Because the data were collected over 

such a short period of time the comparison of estimates derived over the entire course of the 

study to those derived from just the mark and just the capture occasions was not possible because 

the data became too sparse.  
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DISCUSSION 

An integral part of any management strategy is the assessment of the number of 

individuals in a population and any trends in their abundance (Taylor and Gerrodette 1993).  The 

results from this study provide robust estimates of abundance and offer new insights into the 

distribution and stock structure of bottlenose dolphins in the inshore and near-shore waters 

stretching from St. Vincent Sound to Alligator Harbor.   

 

Estimates of Abundance 

The estimates derived with the closed-population models for the TE data generally 

produced similar trends in abundance for each season within a survey area (Figure 11) despite 

the variations found in the estimate of total distinctive plus nondistinctive animals captured for 

each survey area/sampling period (Table 1).  These estimates from the TE data are deemed more 

appropriate in this study for the estimation of dolphin abundance than the estimates derived from 

the OE data.  Including the animals captured while in transit to the standardized transect lines 

resulted in a greater sample size for each sampling occasion and increased the numbers of 

animals recaptured during each sample period.  This in turn generally increased the probability 

of capture of individuals and generally lowered the coefficients of variation and standard errors, 

thereby increasing the precision of the estimates (Williams et al. 1993, Pine et al. 2003).  One 

concern with including these data is that a geographic sampling bias may arise in that some 

individuals may be consistently more available for capture than other animals.  This would 

introduce heterogeneity of capture probabilities and could occur if some individuals demonstrate 

preference to certain areas (e.g. near boat ramps) and/or if the photographic platform does not 

sample the entire range representatively (Hammond 1986, Calambokidis and Barlow 2004).  It 

appears that at least for this study the concern that heterogeneity of capture probabilities may 

have been introduced was not significant.  I still suggest that fixed transect lines be used in future 

studies of animals in this region as they ensure that all animals in the study area have an 

opportunity to be captured and that similar effort among sampling occasions will occur (in this 

study the effort expended within each survey effort for each sampling period were very similar 

for both OE and TE, Table 1).  The use of transect lines also has the added benefit to allow for 

more rigorous investigations and analyses into seasonal variations in habitat use by these 

animals, as they ensure different habitat types will be surveyed each sampling period.  
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The estimates derived from the TE data (Figure 11) suggest that the abundance of 

dolphins was similar in both seasons in the eastern survey area and that in the western survey 

area the abundance decreased slightly from the summer to the winter.  However when the 

estimates I have suggested as being the most appropriate for each survey area/period are plotted 

(summer east Mt = 365 ± 164, winter east Lincoln-Petersen = 359 ± 87, summer west Mt = 182 ± 

58, and winter west Lincoln-Petersen = 178 ± 77), the abundance of animals in the western 

survey area is also very similar in both seasons (Figure 12).  If these estimates are summed for 

each season and survey area it can be estimated that the entire region supported 547 ± 226 

animals in the summer of 2007 and 537 ± 164 animals in the winter of 2008 (Figure 13).  

Therefore while seasonal variations of abundance may have occurred in the spring and fall, 

during the summer and winter seasons in which this study took place, seasonal variations appear 

to be minimal.  These estimates, however, may not be representative of the abundance of animals 

inhabiting this survey region during different times of the year and/or during different years; 

SPUE (sighting per unit effort km) values calculated from Nowacek’s (2008) data varied for 

each season both within a year and between years (note that SPUE values demonstrate trends in 

the captures of individuals that may or may not be related to population size; Williams et al. 

2002, Pine et al. 2003).  Also it is of interest to note that while the estimates of abundance were 

similar for each season, it appears that many of the animals inhabiting the region differed 

between seasons as only 13.8% of the total animals captured in the eastern area were captured 

both seasons and 29.6% of the total animals captured in the western area were captured both 

seasons.  Thus while the abundance estimates provided in this study represent the number of 

animals inhabiting the region at a given time, the actual number of animals that use the region 

throughout the year appears to be much larger.  

It has been suggested that water temperature may influence dolphin movement patterns 

either directly or indirectly.  Indirectly, affecting prey movement, and directly acting as a thermal 

barrier to dolphin movement (Barco et al. 1999). While other studies have found a correlation 

with water temperature and abundance (Barco et al. 1999, Balmer 2007) we found no such 

correlation here as estimates of abundance were similar for both the winter and summer seasons.  

Alternatively in this region, specifically in the western survey area, salinity differences may 

influence the distribution of animals as in the winter few individuals were captured near the 

mouth of the Apalachicola River (input from the north; Figure 2).  The daily average flow rate of 
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the Apalachicola River is 752 m3/s (based on historic data from 1939-1993; Huang and 

Spaulding 2002) with flows generally being lowest during the summer and autumn seasons and 

peaking in the spring season.  This is consistent with the mean bottom and surface temperatures I 

found in this study (Table 4), with the winter season having much lower values of salinity than 

those found during the summer, specifically at the surface.  Such seasonal variations of flow are 

important in maintaining the high productivity of Apalachicola Bay observed throughout the year 

(Livingston 1997, Livingston 2000) but perhaps the strength of the flow affects the distribution 

and movement of dolphin prey fish, thereby affecting the distribution of the dolphins inhabiting 

the region.   If these flows are reduced to levels below their normal flow rate, either due to 

prolonged droughts and/or anthropogenic factors, major reductions of biological productivity 

could occur (Livingston 1997) and fewer dolphins may then use the area.   

 

Comparison of the Two Survey Areas and the Possibility of Two Distinct Communities 

In this study I divided the entire region into two survey areas because results from 

Nowacek (2008) suggested that two distinct communities reside in these waters and it would be 

logistically difficult to survey the whole region as one because of its large size.  The results from 

this study support the suggestion that the area supports two separate communities as only eight 

animals were captured in both areas during the course of this study (2.4% of total animals 

captured).  When these data are combined with the data from Nowacek (2008), still only 5.9% of 

all distinctive animals seen more than once in the survey region have been sighted in both survey 

areas (N = 22).  This suggests that the classification of communities for this region as defined by 

the National Oceanic and Atmospheric Administration (NOAA), which defines groups of 

bottlenose dolphins that inhabit different bays and estuaries as separate communities (Waring et 

al. 2006), may need to be updated as two or more separate communities may reside in these 

waters.   

There are some differences between the two areas that may influence the demarcation of 

ranges of these two communities.  It has been suggested that home range bounds of communities 

are often demarcated by physiographic features such as passes, abrupt changes in depth, and or 

water temperature (Würsig and Würsig 1979, Hansen 1990, Barco et al. 1999).  Along the 

boundary line that was chosen in this study to demarcate between the two sites are several shoals 

and oyster beds, which may act as a physical barrier between the two sites.  This boundary line 
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may not actually be the most appropriate in defining the structure of these communities and 

information of the genetics and social structure of animals in both areas would provide valuable 

insight into more appropriate methods of classification.  Changes in depth are not abrupt along 

the boundary line used in this study, however the western survey area is on average shallower 

than the eastern survey area (west averages 3 m, east reaches depths of 9m).  In addition, the 

western survey area is more protected by barrier islands than is the eastern survey area (Figure 1, 

B) and therefore has less access to the Gulf of Mexico.  Perhaps these differences influence the 

community structure that has been observed.  

Environmental factors may also influence an individual’s range.  As mentioned 

previously, the exchange dynamics and salinity variations in the western survey area, specifically 

in Apalachicola Bay, are strongly influenced by the flow from the Apalachicola River (Niu et al. 

1998), while the eastern area is generally more influenced by the Gulf of Mexico.  This is 

consistent with the mean bottom and surface water temperature, salinity, and dissolved oxygen 

values found in this study (Table 4):  i) recorded water temperatures (Cº) were similar in both 

seasons for both survey areas however the western survey area was slightly warmer; ii) dissolved 

oxygen content (mg/L) varied somewhat between areas with the western survey area having a 

higher content on both the bottom and the top for both seasons; and iii) salinity (ppt) was the 

most variant with the western survey area having lower salinity than the eastern especially in the 

winter.  It should be noted that there is a gradient of these values that is related to the distance 

from the source of freshwater input (i.e. mouth of Apalachicola River) and that variations of 

these values are highly influenced by winds and tides (Huang et al. 2002a, Huang et al. 2002b).  

Thus there is no strict demarcation between these two survey areas.  Still, perhaps these 

differences between the two survey areas influences the home range of animals observed in this 

region either directly or indirectly, by affecting the productivity and/or prey distribution in the 

two areas. 

If in fact there are at least two communities residing in the survey region, it appears that 

there may be some interesting differences between them.  First, the eastern survey area supported 

twice as many animals as the western survey area for both seasons (Figure 13; estimates and 

confidence intervals for each season are summed for each location).  One concern with this 

finding is that it could be the result of nearly twice as much effort being expended in the eastern 

survey area than was expended in the western survey area (Table 1).  When the data from 
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Nowacek (2008) is combined with the data from this study I find a similar result, with the 

number of sampling days being almost twice as many in the eastern survey area than in the 

western survey area (Table 5).  In addition, since 2004 more than twice as many animals have 

been identified in the east than in the west (Table 5).  In this study however the derived 

abundance estimates and the estimates of total distinctive plus nondistinctive animals captured 

were not directly related to the total effort expended (Figure 6).  Instead perhaps we find this 

difference in abundances due to the actual physical size of the two survey areas themselves; the 

western survey area contains approximately 255 km2 of water surface area and is generally 

shallower than the eastern survey area, which contains approximately 368 km2 of water surface 

area.   

Another interesting difference that seems to exist between these two communities is 

potential differences in site fidelity and/or residence patterns of individuals.  During the course 

of this study 35.3% of the total animals were captured more than once in the eastern survey area 

(Figure 4) and 13.8% of animals were captured both seasons.  In the western survey area 49.6% 

were captured more than once (Figure 8) and 29.6% of total animals captured were captured both 

seasons.  This suggests that animals captured in the western survey area exhibited higher site 

fidelity over the course of this study than did animals captured in the eastern survey area.  When 

the proportion of the number of times distinctive animals were captured for the data from 

Nowacek (2008) data and from this study is plotted (Figure 14), however, it can be seen that the 

proportions are somewhat similar for each area.  In fact the mean number of times an individual 

was captured is very similar for the two sites (2.48 times for the eastern survey area and 2.84 

times for the western survey area).  Still, a greater proportion of animals was captured more than 

once to more than four times, in the western survey area then the east.  This may suggest that the 

western survey area supports a more “residential” population.  Wells et al. (1996a) considered 

animals to be “residents” of Charlotte Harbor during their annual surveys if they were identified 

in at least four of the five survey years (they note this definition is limited and that the repeated 

occurrence of animals amongst years does not indicate a year-round presence – surveys were 

conducted over several weeks in late summer only).  A plot of the number of years animals have 

been captured (Figure 15; note that there was not equal survey effort for each year) reveals that a 

greater proportion of animals were captured in up to four years in the western survey area than in 

the east but that a greater proportion of animals were captured in all five years in the east than in 
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the west.  Continued photographic-identification surveys in this area would aid in understanding 

possibly patterns of residency and help to determine if they exist. Alternatively these capture 

frequencies may be evidence of long-term or seasonal site fidelity, not necessarily year-round 

residence.   

The use of each area by transients also seems to differ.  When the data from this study are 

combined with the data from Nowacek (2008), the discovery curves reveal that the number of 

animals identified is increasing at a greater rate in the eastern survey area than in the western 

survey area (Figure 16).  In addition fewer animals have been seen more than once in the eastern 

survey area (53.9% of total distinctive animals captured) than in the western survey area (70.1% 

of total distinctive animals captured), which suggests that more transient animals are using the 

eastern survey area than the western survey area; animals captured only once represent 46.1% of 

total distinctive animals captured in the east and only 29.9% of total distinctive animals captured 

in the west; Figure 17).  Perhaps this occurs because the eastern survey area is more accessible to 

offshore animals and animals in neighboring areas than the western survey area, as it is more 

accessible to the Gulf of Mexico (Figure 1, B). 

 Another interesting difference was the mark/distinctiveness rate differences between the 

two areas found in this study (Table 1).  The eastern survey area had higher rates of 

distinctiveness than the western site.  A potential reason for this difference is that Apalachicola 

Bay may represent a nursery area for bottlenose dolphins.  It is known that the Bay is a proposed 

nursery area for >14 species of sharks in the Gulf of Mexico (Carlson and Brusher 1999) and for 

many species of fish (Nelson et al. 1992).  Nowacek (2008) found that calving of dolphins in this 

survey region begins in March thus the area supports many young animals in the summer.  

Dorsal fin markings tend to be acquired over time (younger animals tend to have fewer 

distinctive markings than older animals; Würsig and Jefferson 1990, Wells 2002) so if this area 

is in fact a nursery area for bottlenose dolphins then this would be consistent with differences in 

the mark/distinctiveness rates that I found; the western survey area in the summer had the lowest 

mark/distinctiveness rate (0.74 for TE, Table 1).  This is also consistent with the proportion of 

younger animals captured in the two survey areas since 2004, with calves being 17.4% of total 

animals captured in the east and 19.3% of total animals captured in the west (Nowacek 2008).  

Apalachicola Bay could provide favorable conditions for calving and nursing due to the 

relatively little anthropogenic influence, few mature predators and its productivity.  Many of the 
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preferred prey items of bottlenose dolphins (e.g. sciaenid’s; Barros and Odell 1990, Barros and 

Wells 1998) are described as common, abundant or highly abundant during warm months in 

Apalachicola Bay (Nelson et al. 1992).  

 

Conclusions 

The estimates reported here (summer east = 365 ± 164, winter east = 359 ± 87, summer 

west = 182 ± 58, and winter west = 178 ± 77) are larger than those found by the surveys 

conducted in 1993, which estimated that 387 individuals inhabit the waters in this region (east 

and west survey areas combined; Scott et al. 1989, Blaylock and Hoggard 1994, Waring et al. 

2006).  This could suggest that the abundance of dolphins has increased in this region since the 

time of those surveys.  Alternatively the estimates derived from the aerial surveys may be 

negatively biased and less robust than those provided here.  NMFS aerial survey estimates were 

found to likely be negatively biased in St. Joseph Bay; dolphin abundance was estimated as zero 

by the aerial surveys in the 1990’s, while Balmer (2007) suggests the bay supports a resident 

population of 122-152 animals with influxes of more animals in the spring and fall, and 

information on the occurrence of UMEs in the area suggest that the NMFS finding of no 

dolphins in the area was not accurate.  Therefore the estimates reported here are likely more 

robust and more precise than those reported by earlier surveys (Blaylock and Hoggard 1994, 

Waring et al. 2006).   

 My data suggest that at least two communities reside in the inshore and near-shore waters 

stretching from St. Vincent Sound to Alligator Harbor and that there were no significant 

variations in their abundance between the summer of 2007 and winter of 2008.  Future work 

could help to better define these communities, their seasonal variations of abundance (if they 

exist), and trends in abundance over time.  In addition, future studies could explore the 

possibility of additional communities residing within and nearby the study region.  For instance, 

while data from the present study has not yet been compared, as of December 2006 only 12 

animals captured in this study’s region had also been captured in St. Joseph Bay (Nowacek 

2008).  In addition, the area between this study’s survey region and St. Joseph Bay has been 

surveyed a few times and many animals that were captured there had never been captured in 

either St. Joseph Bay or my survey region.  This suggests that a minimum of three distinct 

communities may reside in the Big Bend region and that they are geographically distinct.  
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Additional surveys between St. Joseph Bay and this study’s region as well as south and east of 

the of the survey region, including the coastal areas seaward of the barrier islands of St. George 

and Dog Island and Apalachee Bay would be useful in exploring possible boundaries of 

communities and movements of individuals.  Also, additional radio-telemetry studies in the 

region would be useful in better defining these movements and boundaries; Balmer (2007) 

conducted  a radio-telemetry study in St. Joseph Bay and recorded that only one animal tagged in 

St. Joseph Bay (out of 23) had traveled between St. Joseph Bay and this study’s region.   

The aim of this study was to provide robust estimates of abundance for bottlenose 

dolphins in the inshore and near-shore waters stretching from St. Vincent Sound to Alligator 

Harbor.  The results provided here can be used by the National Marine Fisheries Service to aid in 

their stock-assessment process and help in the management of the animals in this region more 

appropriately under the Marine Mammal Protection Act (Waring et al. 2006).  These results can 

also be used as a baseline from which future modifications of the ecosystem might be gauged 

if/when potential threats (disrupted flow of the Apalachicola River, increased development and 

activity by humans, future UMEs, etc.) occur in this region of the Big Bend of Florida.    

 

 

This projected was funded by the FSU Department of Oceanography and HBOI Protect 

Wild Dolphins Grants 2004-06 and 2005-12 
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TABLES 

Table 1.  Summary of effort, numbers of animals marked/captured, mark/distinctiveness rates, and estimates of total distinctive plus 
nondistinctive animals captured during each season for each survey area.  OE refers to “on effort”, TE to “total effort”. 
 
 

 East (St. George Sound/ 
Alligator Harbor) 

West (St. Vincent Sound/ 
Apalachicola Bay) 

Dates surveyed Jun 3-13, 2007 Jan 10-28, 2008 Jun 15-22, 2007 Jan 29-Feb 4, 2008 
Effort included OE TE OE TE OE TE OE TE 
Effort (km) 410 1057 404 996 263 587 273 535 
Number of distinctive 
animals marked/captured 

77 103 124 162 56 87 54 63 

Mark/distinctiveness rate (Ө) 0.82 0.86 0.83 0.83 0.76 0.74 0.81 0.78 
Estimate of total distinctive + 
nondistinctive animals 
captured 

94 120 150 194 74 117 67 81 
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Table 2.  Abundance estimates derived from the closed-population models implemented in the program CAPTURE for the eastern 
survey area (St. George Sound/Alligator Harbor) in the summer of 2007 and the winter of 2008.  The estimate of abundance and 95% 
confidence intervals (N), standard error (SE), and coefficient of variation are given for each model from each season for animals 
captured while only on effort (OE) and for animals capture while on effort and off effort (total effort or TE).  These estimates have 
been expanded to include both distinctive and nondistinctive individuals. 
 Summer Winter 
 OE TE OE TE 
 N SE CV N SE CV N SE CV N SE CV 
Lincoln-
Petersen 

190 ± 
81 

33.44 0.18 248 ± 
98 

42.68 0.17 548 ± 
277 

116.23 0.21 359 ± 
87 

36.01 0.10 

M0 315 ± 
177 

73.49 0.23 380 ± 
175 

76.38 0.20 555 ± 
264 

110.57 0.20 404 ± 
101 

41.85 0.10 

Mt 211 ± 
103 

42.58 0.20 365 ± 
164 

71.54 0.20 484 ± 
255 

106.77 0.22 373 ± 
88 

36.67 0.10 

Mh 173 ± 
31 

11.61 0.07 221 ± 
33 

13.35 0.06 281 ± 
40 

14.84 0.05 337 ± 
41 

15.72 0.05 

Mth 386 ± 
285 

119.00 0.31 356 ± 
172 

74.69 0.21 526 ± 
259 

108.62 0.21 356 ± 
94 

39.03 0.11 
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Table 3.  Abundance estimates derived from the closed-population models implemented in the program CAPTURE for the western 
survey area (St. Vincent Sound/Apalachicola Bay) in the summer of 2007 and the winter of 2008.  The estimate of abundance and 
95% confidence intervals (N), standard error (SE), and coefficient of variation are given for each model from each season for animals 
captured while only on effort (OE) and for animals capture while on effort and off effort (total effort or TE).  These estimates have 
been expanded to include both distinctive and nondistinctive individuals.  Note: the upper 95% confidence interval for model Mth from 
the summer OE data is larger than N.  The lower bound was altered to compensate for the 56 animals actually captured while OE, the 
minimum abundance possible.   

 Summer Winter 
 OE TE OE TE 

 N SE CV N SE CV N SE CV N SE CV 
Lincoln-
Petersen 

208 ± 
126 

47.88 0.23 182 ± 
58 

20.88 0.11 100 ± 
37 

14.76 0.15 114 ± 
37 

13.50 0.12 

M0 171 ± 
86 

32.40 0.19 211 ± 
61 

22.01 0.10 146 ± 
67 

26.78 0.18 185 ± 
83 

32.11 0.17 

Mt 192 ± 
102 

38.73 0.20 206 ± 
61 

21.14 0.10 123 ± 
50 

19.92 0.16 178 ± 
77 

29.82 0.17 

Mh 134 ± 
29 

9.75 0.07 197 ± 
34 

11.18 0.06 116 ± 
25 

9.19 0.08 141 ± 
29 

10.02 0.07 

Mth 304 + 
331, -
275 

127.82 0.42 197 ± 
66 

24.11 0.12 131 ± 
33 

25.85 0.20 167 ± 
79 

31.02 0.09 
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Table 4.  Mean bottom and surface values of temperature, salinity, and dissolved oxygen 
recorded at each site animals were captured for each survey area/sampling period.     
 Temperature (Cº) Salinity (ppt) Dissolved Oxygen (mg/L) 

 Bottom Surface Bottom Surface Bottom Surface 
Summer East 27.00 27.61 32.25 34.67 5.33 5.31 
Summer West 28.55 28.65 29.82 27.79 5.97 7.08 
Winter East 13.52 13.64 33.82 33.41 10.26 10.23 
Winter West 14.10 14.20 25.16 18.10 10.36 11.29 

 
Table 5.  Summary of results from surveys conducted from May 2004 to Feb 2008 for waters 
stretching from St. Vincent Sound to Alligator Harbor.  Results have been separated into just 
those from the eastern survey area and just those from the western survey area for comparison.  
Numbers for the total region may not necessarily equal the eastern and western numbers if they 
are summed because 22 animals were captured in both survey areas.  Results were compiled 
within the software program SOCPROG (Whitehead 2006) by combining data from this study 
with data from Nowacek (2008). 
 Total Region Only Eastern Area Only Western Area 
Number of sampling days 107 69 38 
Number of identified individuals 446 319 149 
Number of distinctive animals 623 471 174 
Number of identified individuals 
captured 1608 1098 490 
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FIGURES 

 
 
Figure 1.  A:  Coastal waters in which mark-recapture photographic-identification surveys of 
bottlenose dolphins (Tursiops truncatus) were conducted.  The transect boundary line 
distinguishes between the two study areas which were examined during this study.  FSUML is 
the Florida State University Marine Laboratory.  B:  The western survey area, to the left of the 
transect boundary line, consists of St. Vincent Sound and Apalachicola Bay.  The eastern survey 
area, to the right of the transect boundary line, includes all inshore and near-shore waters 
stretching from St. George Sound to Alligator Harbor.  Sighting locations of all bottlenose 
dolphins, May 2004–December 2006, and transect lines used in the present study are included. 
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Figure 2.  Capture locations of bottlenose dolphins in the summer of 2007 and the winter of 2008 in the inshore and near-shore waters 
stretching from St. Vincent Sound to Alligator Harbor.  The lines represent the GPS track of the boat while actively attempting to 
obtain pictures of all individual dolphins in a group.  On effort (OE) refers to captures of individuals that occurred while actively 
surveying for dolphins along the fixed transect lines; Off effort refers to captures of individuals that occurred while en route to the 
fixed transect lines (on effort plus off effort equals total effort, TE). 
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Figure 3.  Frequencies of distinctive bottlenose dolphins captured in the summer of 2007 and the 
winter of 2008 in the nearshore and in-shore waters stretching from St. Vincent Sound to 
Alligator Harbor.  Capture frequencies of individuals for the entire region as well as frequencies 
of individuals captured in just the eastern survey area (St. George Sound/Alligator Harbor) and 
just the western survey area (St. Vincent Sound/Apalachicola Bay) are included.  
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Figure 4.  Frequencies of animals captured in the eastern survey area (St. George Sound/ 
Alligator Harbor) for the summer of 2007 and winter of 2008.  In the legend “Off” refers to 
animals captured while in transit to the fixed transect lines and “On” refers to animals captured 
while on effort, OE (on effort plus off effort equals total effort, TE). 
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Figure 5.  Estimates of abundance of bottlenose dolphins in the eastern survey area (St. George 
Sound/Alligator Harbor) for the summer of 2007 and the winter of 2008 derived from closed-
population models.  Results from only on effort data (OE) and from total effort data (TE) are 
included for comparison.  Error bars indicate the 95% confidence intervals.
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Figure 6.  Comparison of effort expended for each survey area/sampling period with the derived 
estimates of abundance and the estimate of the total number of distinctive plus nondistinctive 
animals captured.  A:  Comparison for the summer season in the eastern survey area.  B:  
Comparison for the winter season in the eastern survey area.  C:  Comparison for the summer 
season in the western survey area.  D:  Comparison for the winter season in the winter area.  
Note that the axes are different for each survey area and that the estimates of number of animals 
for the models used in this study do not include the 95% confidence intervals.   
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Figure 7.  Discovery curve for animals captured in the eastern survey area (St. George 
Sound/Alligator Harbor) for the summer of 2007 and winter of 2008.   
 

0

10

20

30

40

50

60

70

Times captured

N
u

m
b

e
r 

o
f 
d

is
ti
n

c
ti
v
e

 i
n

d
iv

u
d

ia
ls

Summer Off

Summer On

Winter Off

Winter On

              1                                              2                                              3                                              4

 
Figure 8. Frequencies of animals captured in the western survey area (St. Vincent 
Sound/Apalachicola bay) in the summer of 2007 and winter of 2008.  In the legend “Off” refers 
to animals captured while in transit to the fixed transect lines and “On” refers to animals 
captured while on effort, OE (on effort plus off effort equals total effort, TE). 
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Figure 9.  Esitmates of abundance of bottlenose dolphins in the western survey area (St. Vincent 
Sound/Alligator Harbor) for the summer of 2007 and the winter of 2008 derived from closed-
population models.  Results from only on effort data (OE) and from total effort data (TE) are 
included for comparison.  Error bars indicate the 95% confidence intervals. Note that the lower 
bound for model Mth for the Summer OE was altered to represent the minimum number of 
animals captured as the 95% confidence interval was larger than the estimate itself.  
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Figure 10.  Discovery curve for animals captured in the western survey area (St. Vincent 
Sound/Apalachicola Bay) for the summer of 2007 and winter of 2008.  
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Figure 11.  Estimates of abundance derived from closed-population models for bottlenose 
dolphins inhabiting the nearshore and in-shore waters stretching from St. Vincent Sound to 
Alligator Harbor for the summer of 2007 and the winter of 2008 captured while TE.  Only the 
results from total effort are included as they appear to be the most appropriate for estimating the 
abundance of dolphins in this study.  Error bars indicate the 95% confidence intervals. 
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Figure 12.  Estimates of abundance from the models suggested as being the most representative 
of the data for each survey area/sampling period.  Error bars indicate the 95% confidence 
intervals. 
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Figure 13.  Summed estimates of abundance derived from closed-population models for each 
survey area/sampling period.  Error bars indicate the 95% confidence intervals. 
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Figure 14.  Proportion of the times total distinctive animals were captured in the survey region 
from May of 2004 to February 2008 for the eastern and western survey areas.  This was 
complied by combining data from the present study with data from Nowacek (2008).   
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Figure 15.  Proportion of the number of years distinctive animals were captured in the eastern 
and western survey areas from May of 2004 to February 2008.  This was complied by combining 
data from the present study with data from Nowacek (2008).   
 

 
Figure 16.  Discovery curve of the number of new animals identified over time in the nearshore 
and in-shore waters stretching from St. Vincent Sound to Alligator Harbor.  Discovery curves 
included are those for the eastern and western survey areas alone and one that combines the data 
from both survey areas (referred to as entire region).  This was compiled within the software 
program SOCPROG (Whitehead 2006) combining data from this study with data from Nowacek 
(2008). 
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Figure 17.  Frequencies of distinctive animals captured in the survey region from May of 2004 
to February 2008.  The total frequencies are split to show the frequencies of animals captured 
only in the eastern survey area, only in the western survey area, in both the eastern and the 
western survey areas, and the total number of single sights captured in each survey area.  
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