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ABSTRACT

POPULATION SIZE AND VIABILITY OF BOTTLENOSE DOLPHINS (TURSIOPS 

TRUNCATUS) OFF THE COAST OF THE PARQUE NACIONAL DE ESTE, 

DOMINICAN REPUBLIC

Adele Roland, M.S.

George Mason University, 2013

Thesis Director: Dr. Chris Parsons

The population of bottlenose dolphins (Tursiops truncatus) living off the Southeast coast 

of the Dominican Republic was analyzed to determine demographic parameters and to 

better understand the status of the population.  Sighting data from the Fundacion 

Dominicana de Estudios Marinos was used for photo-identification analysis.  The 

sighting histories produced were entered into Pollock's robust model for mark-recapture 

analysis.  From this analysis the abundance of the population was estimated as 102 (95% 

CI 66-178) dolphins in 2010 with an average annual survival of 0.952 from 2007-2010.  

Population viability analysis was performed using these data and reproductive parameters 

from the literature on bottlenose dolphins.  Due to uncertainties in the models two 

scenarios were produced.  One scenario represented the best estimates possible and 

shows the population to be growing.  A second scenario, which used only slightly 

different parameters, shows the population to be in decline.  In either scenario the 



removal of dolphins from the population has long term effects, the magnitude of which 

are dependent on the sex and age category of the animals removed.  Removing female 

dolphins has longer term impact the removing male dolphins. 



INTRODUCTION

International attention was brought to dolphins in the Dominican Republic in 

2002, due to an incident where several bottlenose dolphins (Tursiops truncatus) were 

removed from a wild population off the southern coast of the Dominican Republic by a 

local dolphinarium (Parsons et al. 2005, 2006).  Since there had been no research on that 

population of wild dolphins prior to that incident it was impossible to know if this 

removal was sustainable.  This incident prompted local conservationists to form the 

Proyecto Amigos de los Delphines (Amigos Project) a collaboration of NGOs, 

government agencies, and academic institutions with the goal, among others, of 

determining the number of animals in that population of bottlenose dolphins (Parsons et 

al. 2005).  Another goal of the Amigos Project was to determine the sustainability of the 

removal of those dolphins on the local dolphin population.  While it is not possible to 

travel back in time to conduct studies before the removal of those animals, determining 

whether a similar removal would be sustainable in the current population will provide a 

useful estimate for determining what sort of protection is needed for that population in 

the future.  

Before any study of the health of an animal population can be undertaken, basic 

knowledge about that population must be obtained.  One of the most basic population 

parameters is simply the total number of animals in that population.  Once the number of 

individuals in the population has been determined, if birth and death rates are determined 
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or can be estimated then some attempt can be made to determine long term viability of 

the population.

A common method of determining the abundance of a population of animals is 

mark-recapture analysis, where individuals are captured, marked, and returned to the wild 

(Seber 1982).  In subsequent capture events the proportion of marked animals is used to 

determine the population size (Seber 1982; White et al. 1982). Another common method 

of determining animal abundance is line-transect survey analysis, which involves random 

sampling, along transect lines, to count the animals present in a certain area and using 

that to determine the density and therefore abundance of the population (Seber 1982).  

Fairfield (1990) found in a study of North Atlantic right whales (Eubalaena glacialis) 

that mark recapture estimates were more accurate than line transect abundance estimates.  

Calambokidis and Barlow (2004) confirmed that for species with clumped distribution 

mark recapture estimates were more accurate than line transect estimates.   

One of the NGO's involved in the Amigos Project, the Fundacion Dominicana de 

Estudios Marinos (FUNDEMAR) began exploring the research goals of the Amigos 

Project.    These initial studies determined important ecological information about this 

population of dolphins (Whaley et al. 2006).  This study picks up where the previous 

studies have left off.  Using sighting data provided by FUNDEMAR this project 

completed photo-identification, mark-recapture analysis and population viability analysis. 

The goals of this project are to determine demographic information and population 

sustainability for the population of bottlenose dolphins off the southeastern coast of the 

Dominican Republic.
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History of the Study Area
In 2002, a group of eight bottlenose dolphins was removed from the population of 

dolphins off the coast of the Parque Nacional de Este (PNE East National Park) of the 

Dominican Republic (Parsons et al. 2005, 2006).    The PNE (see map below) is located 

on the South Eastern tip of the Dominican Republic and includes the Island Saona.  The 

park has been designated a protected area since 1975 and covers an area of 418.94 square 

kilometers.  

Since there had been no research on that population of dolphins it was impossible 

to know if this removal was sustainable or not.  The capture of these animals was illegal 

under the Article 175 of National Law #64-00, of the Dominican Republic, which was 

enacted in 2000 (Parsons et al. 2005).  A document issued in 1995 was the basis for the 

permit under which the animals were captured but the law enacted in 2000 should have 

superseded that document (Parsons et al. 2006).  The capture of these animals was also 

illegal under an international treaty signed by the Dominican Republic, the so called 

Cartagena Convention (Convention for the Protection and Development of the Marine 

Environment of the Wider Caribbean Region) (Parsons et al. 2006).  

Public protests over the capture of the animals and subsequent events led to the 

formation of the Proyecto Amigos de los Delfines (Amigos Project).  Starting as a 

grassroots movement of locals and local NGO's, the movement resulted in a series of 

discussions and technical workshops in the Dominican Republic from December 2002 to 

June 2003 (Parsons et al. 2005).  The Amigos Project was formed from the June 2003 

workshop as an international organization including non-governmental organizations, 

academic bodies, tourism bodies, and government officials.  The Amigos Project was 
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formed with the intention to "assist in the conservation of cetaceans in the Dominican 

Republic through research, education and the development of ecotourism and strong 

conservation policy" (Draheim et al. 2010 p. 176).  The Amigos Project's specific 

research goals were to determine the number of animals in the population of dolphins off 

the western coast of the PNE, to investigate habitat use by the animals and critical 

habitat, to assess the impact of tourism boat traffic on the dolphins, and to identify other 

anthropogenic and natural threats to the population (Parsons et al. 2005).  
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Initial results from surveys conducted June 2004 to March 2006 indicate that 

dolphins use the area just west of PNE and near Saona Island year round (Whaley et al. 

2006).  Re-sightings of individuals were taken to indicate that at least part of the 

population might be resident (Parsons et al. 2005).  Since discovery rates of new 

individuals were, at the time, high it was assumed that many animals had not been 

discovered (Whaley et al. 2006).  Thus no attempt was made to determine the population 

size at that time.  Other goals set out by PAD were determined in the initial survey, i.e. in 

the study, the majority of dolphins sightings occurred near the mouth of the Catuano 

Canal, and it was suggested that this area should be considered potential critical habitat 
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for this dolphin population (Whaley et al. 2006).  This canal separates the mainland from 

the Island Saona, in the southern edge of the PNE.  Tidal state was believed to influence 

the presence of dolphins in this habitat (Whaley et al. 2006).  

Tourism is one of the major sources of income for Bayahibe, a small Dominican 

town near the northwest end of the PNE.  Since much of the tourism comes from all 

inclusive resorts (Draheim et al. 2010), little of the income is seen by the locals in the 

area.  The major tourist attractions that are run by the locals are the boat trips to the Island 

Saona.  A 2007 survey of tourists indicated that most tourists had taken a trip to Saona 

and would have been willing to pay more for that trip if dolphin watching were part of 

the trip or for a separate dolphin watching trip (Draheim et al. 2010).  This high interest 

in dolphin tourism could be a useful start for an ecotourism industry.  Sustainable tourism 

would demonstrate economic value in the dolphins, which would increase the desire to 

protect them resulting in benefits for both locals and dolphins.  However, caution was 

warranted because impacts with tourist boats were identified as one of the major threats 

for dolphins in the area, along with coastal development (Whaley et al. 2006).  The 

majority of the survey respondents indicated that they would prefer dolphin watching 

tours that were run by trained operators from the local village and which did not 

negatively impact the dolphin population (Draheim et al. 2010).

Bottlenose Dolphin Biology
Due to the ease of keeping them in captivity and their coastal nature, bottlenose 

dolphins are a commonly seen species of dolphin (Shane et al. 1986).  There are three 

species in the genus Tursiops: truncatus, aduncus and australis.  Common bottlenose 

dolphins (Tursiops truncatus) are found worldwide in temperate and tropical oceans 
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(Wells & Scott 2002).   They are observed both near shore and offshore; morphological 

and hematological distinctions exist between the inshore and offshore populations, at 

least in the North Atlantic (Hersh & Duffield 1990; Mead & Potter 1995).  T. truncatus 

have home ranges of widely varying sizes but in some locations, near the poleward ends 

of the species range they may also migrate seasonally (Shane et al. 1986).  They are 

usually seen in groups of 2-15 individuals though much larger groups have been observed 

(Shane et al. 1986; Wells & Scott 2002).  Common bottlenose dolphins may live up to 50 

years or more and have calves every 3-6 years on average (Reynolds et al. 2000).  They 

have a varied diet including many types of fish and squid and use a wide variety of 

feeding behaviors both cooperative and individual (Wells & Scott 2002).  Dolphins have 

sophisticated echolocation which they use to capture prey as well as for navigation (Au 

1993).  Dolphins also make a variety of other sounds which are assumed to be social cues 

(Wells & Scott 2002).  Bottlenose dolphins produce signature whistles which are unique 

to each individual and used in a variety of contexts (Caldwell et al. 1990).  Dolphins use 

information in these whistles to determine the identity of the individual to which the 

whistle belongs in much the same way that people use names to identify an individual 

(Janik et al. 2006). 

All species of bottlenose dolphins face a wide variety of threats.  Sharks and orcas 

are both known to prey on bottlenose dolphins though the large number of living dolphins 

with shark scars attests to fact that these attacks are not always fatal (Wells & Scott 

2002).  In addition to predation, stingray barbs are another natural cause of death for 

bottlenose dolphins (Wells & Scott 2002).  Toxins both from anthropogenic pollution and 

from natural sources (harmful algal blooms) can weaken dolphin immune systems if not 
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kill the animals outright (Reynolds et al. 2000).  Dolphins are often killed in fisheries by-

catch and may be killed directly by fishermen who believe they are in competition with 

the dolphins (Wells & Scott 2002).  Drive fisheries for bottlenose dolphins occur in parts 

of Asia (Reeves et al. 2003).  Reeves et al. (2003) specifically noted that poorly regulated 

live capture fisheries may lead to population depletion.  Live capture fisheries are the 

removal of animals for show in aquariums.  This is of particular concern in the Caribbean 

and Latin America due to low levels of enforced protection for the species there (Reeves 

et al. 2003).  

Mark-recapture and Photo-identification
Determining the number of individuals in a population is an important first step in 

learning about any animal population.  Mark-recapture, or capture-recapture, methods 

have been used in some form or another since the 1930s (White et al. 1982).  Mark-

recapture methods rely on catching a sample of animals from the population, marking 

them in some fashion and returning them to the population (Seber 1982).  Subsequent 

captures from the population will return a number of animals previously marked and a 

number of unmarked animals, from this point some statistical method, depending on  

initial assumptions, will provide an estimate of the total population along with other 

population parameters (Seber 1982; White et al. 1982).  The most basic model holds that 

the proportion of marked to total animals in the second sample will be the same as the 

proportion of initially marked animals to the whole population (Seber 1982; White et al. 

1982).    

Initial examples of mark-recapture techniques involved catching small animals in 

traps, physically marking them with tags and releasing them (Seber 1982).  While, this 

8



may work well for small mammals, birds, and some fish it is impractical for large marine 

mammals.  An alternative option is to use natural marks on the animals and define 

captures as sightings and re-sightings.  One of the benefits of using natural marks is that 

the animals do not have to be physically handled (Hammond 1986) and thus incur no risk 

of injury or death from capture (Hammond 1986; Scott et al. 1990b).  

Evidence shows that stress from capture of small cetaceans may have negative 

impacts on the animals (Curry 1999; Fair & Becker 2000).  Mancia et al. (2008) studied 

post-capture gene expression in bottlenose dolphins during capture release studies.  

Induction of the hypothalamic/pituitary/adrenal (HPA) axis was observed, clearly 

indicating stress in the individuals (Mancia et al. 2008).  Induction of the HPA axis leads 

to the release of glucorticoids, which may result in immune suppression (Fair & Becker 

2000) and thus susceptibility to disease.   In beluga whales (Delphinapterus leucas), 

capture stress has been shown to depress levels of circulating thyroid hormones, normally 

used to regulate diurnal and seasonal rhythms (St Aubin & Geraci 1988).  Curry (1999) 

concluded that fisheries based capture and release in the Eastern Tropical Pacific Ocean 

may have caused negative population level effects on dolphins due to stress.  Since stress 

impacts from capture can negatively affect small cetaceans even at the population level, it 

is important not to incur such impacts for research when they can be easily avoided.  The 

use of natural marks means that there is no potential behavior modification of the animal 

from the addition of the mark (Hammond 1986).  

Another benefit of natural marks over attached tags is that small cetaceans show 

high rates of tag loss for most types of attachable tags (Scott et al. 1990b).  Additionally, 
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many laws make it difficult to handle marine mammals.  Some examples include: 1) 

Annex 1 of article 64 of the United Nations Convention on the Law of the Sea 

(UNCLOS, 1982) which, lists cetaceans that are also covered by article 65 of the same 

law; 2)  all cetaceans are listed under annex II to article 11 of  UNEP’s Specially 

Protected Areas and Wildlife Protocol (SPAW, 1990) which the Dominican Republic is a 

party to and which prohibits "taking, possession or killing" as well as "to the extent 

possible, the disturbance of" listed species; 3) cetaceans are listed on either Appendix I or 

II, depending on species, of the Convention on International Trade in Endangered Species 

of Flora and Fauna (CITES, 1973); 4) the U.S. Marine Mammal Protection Act (MMPA, 

1972) prohibits take, including harassment, of all marine mammals.  For these reasons 

among others, generally marine mammals are studied with minimal handling and 

minimally invasive procedures.  

The use of natural marks to identify individual cetaceans has been used since the 

1970s around which time several researchers started using the technique independently 

(Würsig & Jefferson 1990).  Though the details of set-up (tripods are useful on land but 

not on small boats) and technology (digital cameras now outperform most if not all film 

cameras) vary, the general principle remains the same.  An animal with sufficiently 

distinctive marks can be recognized again and again over time.  The first sighting of such 

an animal functions as its initial "capture" and each subsequent sighting becomes its 

"recapture".   For photo identification to be useful for mark recapture estimation the 

marks on the animal need to be unique to that individual, permanent or long lasting, and 

sufficiently distinctive so that every time the animal is seen it will be recognized (Würsig 
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& Jefferson 1990).  This is necessary to satisfy the assumptions of mark-recapture 

models.  

Bottlenose dolphins are identified by the use of marks on the dorsal fin and back  

(Würsig & Jefferson 1990; Reynolds et al. 2000; Boyd et al. 2010).   As much as 50% of 

a population of individuals may be distinctive enough to be identified (Würsig & 

Jefferson 1990).  Marks used to identify dolphins include: nicks or notches in the trailing 

edge of the dorsal fin, scars, deformation of the dorsal fin, propeller wounds, marks from 

disease and in some cases rake marks.  Rake marks, small white scratches often caused 

by the teeth of other dolphins, may be used to aid in making an animal more distinctive 

over very short periods of time (Würsig & Jefferson 1990).  Rake marks heal quickly 

and, as temporary marks, cannot be used for long term photo identification (Lockyear & 

Morris 1990).  Even large open wounds may heal in a matter of months on bottlenose 

dolphins (Würsig & Jefferson 1990) though they are likely to leave permanent scars 

useful for individual identification (Lockyear & Morris 1990).  Scars and notches 

removed from the dorsal fin are permanent unless covered or obscured by another mark.  

Examples of changes in dorsal fins due to the addition of new marks are shown in the 

Appendix.  Different researchers will use different marks.  Wilson et al. (1999) made sure 

to use only photographs which were not back-lit and thus used rake marks and epidermal 

disease since fin colors were visible.  Wursig and Jefferson (1990) recommend using 

multiple permanent marks to identify an individual since it is easier to mistake one simple 

mark than several marks.  Scars or other surface marks also may only be visible from one 

side of the fin so caution must be observed when making identifications from such marks. 

Errors associated with photo identification are usually the result of using poor quality 
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images or from animals which do not have distinctive marks (Stevick et al. 2001).  Thus 

limiting studies to high quality photographs and distinctively marked animals will help to 

eliminate error.  Errors associated with false positive identifications are particularly 

problematic in large populations (Gunnlaugsson & Sigurjonsson 1990).  These errors are 

again minimized by careful photo-id analysis by trained individuals.  Photo identification 

is thus a powerful method for studying dolphins (Würsig & Jefferson 1990).   

Once the animals have been identified and a sighting history obtained then a 

mark-recapture model will allow the estimation of population parameters.  Mark-

recapture models are based on the Lincoln-Peterson method (Pollock et al. 1990).  This 

assumes that if a sample of animals (n1) is captured, marked, and released and a second 

sample (n2) is captured, then the proportion of marked (m2) to total animals in the second 

sample is the same as that of marked to total animals in the population (N).  

m
2

n
2

=
n
1

N

This is simplified to the Lincoln-Peterson estimator for N̂ (the estimated population size).

  

N̂ =

n
1
n
2

m2

The model behind this estimator has a number of assumptions.  First the assumption is 

that the population is closed to additions (through births or immigration) and deletions 

(through deaths and emigration) (Pollock et al. 1990).  The second assumption is that all 
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animals are equally likely to be captured in each sample (Pollock et al. 1990).  The final 

assumption of the model is that marks are not lost and are not overlooked by the observer 

(Pollock et al. 1990).    

The assumptions of closure and equal probability of capture are too restrictive for 

most field work.  Many other mark-recapture models are extensions of the Lincoln-

Peterson model designed to relax one or more of these assumptions.  If more than two 

samples are available and the closure assumption can be satisfied then a variety of models 

can account for uneven probability of capture (Seber 1986, 1992; Pollock et al. 1990; 

Schwarz & Seber 1999).  A computer program CAPTURE (Pollock et al. 1990) and an 

updated program MARK (White & Burnham 1999) are designed to select between these 

models for the user.  If closure cannot be assumed then the Jolly-Seber model is used to 

estimate abundance (Pollock et al. 1990; Schwarz & Seber 1999).  This model requires 

equal probability of capture as one of it assumptions which makes it sub-optimal for 

research.  

Pollock (1990) describes a method for combining the use of closed and open 

models which allows for both an open population and variable probability of capture.  

Pollock's robust method defines primary and secondary samples.  Secondary samples are 

close enough together to assume a closed population and allow abundance to be 

calculated.  Secondary samples are pooled together into primary samples to allow 

calculation of survival rates and rates of movement into and out of the population 

(Pollock et al. 1990).  Different assumptions are necessary for the primary and secondary 

sampling occasions.  The secondary samples require an assumption of closure.  There is 
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some relaxation of the assumption, in that if additions occur but the probability of 

catching the animals the second time is uniform for new and original animals, then the 

population determined will be accurate for the time of the second capture (Hammond 

1986; Pollock et al. 1990).  Additionally, if only removals from the population have 

occurred between the two samples then the population determined will be accurate at the 

time of the first capture (Hammond 1986; Pollock et al. 1990).  Logic dictates that this 

assumption cannot be valid over long periods of time for any living population since at 

the very least deaths will occur, while a healthy population will have births as well.  

Thus, this assumption is best satisfied by samples which are temporally close together 

increasing the likelihood that no births or death occurred during that time frame 

(Hammond 1986).   Due to the assumption of closure in the secondary samples there is 

no need for an assumption of equal probability of capture as was in the Lincoln-Peterson 

model, if there are more than two secondary samples in each grouping.  This is important 

because truly equal probability is unlikely to occur in nature since animals are rarely, if 

ever, both temporally and spatially evenly distributed.  Additionally, individual animals 

which are more distinctive are likely to be recognized more easily or from greater 

distances.  This problem, though unique to photo identification presents similar problems 

of a "trap happy" animal which is common in mark recapture studies that use baited traps 

(Hammond 1990; Pollock et al. 1990).  Including heterogeneity of capture probability 

between groups of individuals is possible in the secondary samples of Pollock's robust 

method.  Pollock's robust method does require the overall assumption that marks are not 

lost or overlooked.  With reasonable study design this assumption is fairly simple to meet. 

By using permanent natural marks the marks will not be lost (though care must be taken 
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as marks can change).  If sufficiently distinctive animals are those considered marked, 

then the observer will not overlook the marks.

In summary Pollock's robust method combines primary and secondary sampling 

occasions to allow for unequal probability of capture and and open population in the 

same model.  This makes it an ideal model for long term studies and matches the 

assumptions provided for by photo-identification.  Schwarz and Seber (1999) recommend 

this robust method for long term studies requiring open populations.  Smith et al. (2013) 

found Pollock's robust method to be particularly useful for measuring the Indo-Pacific 

bottlenose dolphin (Tursiops aduncus) due to the inclusion of temporary emigration in the 

model.  

Population Viability Analysis
Methods of modeling the future trends of a population or species by estimating 

population parameters are called Population Viability Analysis (PVA).  Included in PVA 

models are measures or estimates of how genetic, environmental and demographic 

stochasticity; catastrophes and bonanzas; and spatial variation affect the future of a 

population (Boyce 1992; Rockwood 2006).  Due in part to the lack of understanding 

about exactly how many genetic issues affect population parameters, Boyce (1992) 

indicates that demographic and ecological issues are more likely to be of practical 

significance when applying PVAs.  Bessinger (2002) has stated that it may be time for 

genetics to be, once again, included in models.  In a large population environmental 

variation plays a bigger role in population change over time, but in smaller populations 

demographic stochasticity is the major driving factor (Rockwood 2006).  The reason for 

this is that small random events have a bigger relative effect in small populations.  
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Environmental variation includes not just the weather or habitat changes but also the 

abundance of predators and prey as well as prevalence of disease (Lacy 1993).  Boyce 

(1992) stresses the importance of inter-species interactions but feels that they are lacking 

in many PVAs.

PVA is useful to wildlife managers for a number of reasons.  While PVA is often 

used to determine the probability of extinction, also worthwhile is determining quasi-

extinction, or the decline of the population to some very small level. This can be helpful 

for managers attempting to keep the population above some critical level (Possingham et 

al. 1993).  PVA can also be used to compare the relative extinction risks of two or more 

populations (Morris & Doak 2002).  This utility allows managers to concentrate efforts 

on the populations most likely to survive when resources for conservation or the ability to 

conserve a population is limited.  PVA can help discriminate among various management 

strategies as to which one(s) will have the greatest impact on the population thereby 

helping managers choose among potential conservation strategies (Possingham et al. 

1993; Morris & Doak 2002).  In addition to determining risk of extinction, PVA can be 

used to determine a minimum viable population (MVP), which is the smallest population 

with a 95% chance of survival after a given period (Bessinger 2002).  The details of how 

a MVP is defined may vary based on management needs or the species (Lacy 1993).

Though PVA is a useful tool for managers in many ways it is not the perfect 

answer for all endangered species management questions.  Ludwig (1999) discusses some 

serious issues with precision of PVA estimates of the probability of quasi-extinction and 

extinction.  These problems are not ones of PVA itself but an issue arising from using 
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estimates of population parameters with their own inherent uncertainties to determine the 

probability of extinction.  In this way the uncertainties get compounded making the utility 

of providing point estimates to be suspect (Ludwig 1999).  In addition, the ability of a 

PVA to estimate the future of a population requires: 1) that the data are of high enough 

quality to insure that the shape, distribution, temporal variation and auto correlation of 

population vital rates or growth rate are known and 2) that these parameters will be 

consistent over time (Coulson et al. 2001).  Finally, while the impact of catastrophic 

events in determining the future status of a population is large, there is no real way to 

measure either the possibility of catastrophic events or even, in many cases, the impact of 

such events (Ludwig 1999; Coulson et al. 2001).  

Since few studies provide empirical data about the relationship between 

population size and probability of extinction, the often used alternative option for PVA is 

to use computer based Monte Carlo simulations to model populations (Lacy 1993).  

These programs randomly sample from defined distributions of parameters to simulate 

the impact of multiple events/pressures affecting the lives of the animals being studied 

(Lacy 1993).  One program used for PVA is VORTEX, a computer program designed to 

model deterministic forces as well as stochastic demographic, environmental and genetic 

events and their effects on wild populations.  This program was designed to model long 

lived species with low fecundity (Lacy 1993).  As bottlenose dolphins can live up to 50 

years and produce one calf every 2-6 years, they seem to fit the design of this program 

well (Reynolds et al. 2000; Wells & Scott 2002).
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Summary
Though bottlenose dolphins are listed as "least concern" by the IUCN, it also 

notes that local populations may be under threat (Hammond et al. 2012)  Coastal and 

island populations are noted to be particularly susceptible (Hammond et al. 2012).  The 

cetacean specialist group of the IUCN has specifically highlighted the possibility of 

extirpation for bottlenose dolphin populations, as well as other coastal dolphin species 

(Reeves & Leatherwood 1994; Reeves et al. 2003). The population off the Southeast 

coast of the Dominican Republic is of value to the local people.  This can be clearly seen 

through the rapid formation of the Friends of the Dolphins Project (PAD) to protect the 

animals after the illegal captures in 2002 (Parsons et al. 2005).  One of the research 

objectives of PAD was to determine the number of animals in the population with the 

goal of determining management strategies.  Photographic identification of individual 

animals in the population will allow for mark-recapture analysis to determine an estimate 

of the population and the survival rates.  Population viability analysis can illustrate what 

risks the animals are under and what potential management and research steps are next.  
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METHODS

Dorsal fin photographic data were obtained from Fundacion Dominicana de 

Estudios Marinos (FUNDEMAR), one of the NGO's active in the formation of PAD.  

Initial observation procedures are described by Whales et al. (2006).  In summary, 

photographs were taken from a small boat while conducting line-transect surveys.  

Dolphins were followed until they were lost or until the boat had to return to port.  

Following the end of that initial study sighting data for dolphins, including photographs, 

continued to be taken using the same general procedures.  However, the data collection 

became more sporadic and opportunistic for a variety of reasons including funding and 

weather difficulties.  Data for this study spans from July 2004 - April 2011. 

Photo Identification

Dorsal fin photographs were rated based on picture quality and fin distinctiveness. 

Only high quality photos of distinctive fins were used for mark recapture analysis.  See 

the Appendix for examples of different quality and distinctiveness of dolphin dorsal fin 

photographs.  This minimized bias caused by violating assumptions of equal catch-ability 

in mark-recapture models.  Dorsal fin pictures were matched using DARWIN, a computer 

program for matching dorsal fins.  DARWIN uses automatically generated or hand drawn 

traces of the outline of dorsal fins to match fins however the final match is always done 

by the operator, with the naked eye.  Photo-ID provided sighting histories for all sighted 

animals in the population.  The sighting data became the input for the mark recapture 

analysis. 
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Mark-recapture Analysis - MARK
Mark-recapture analysis was run using the program MARK (White & Burnham 

1999).  MARK uses maximum likelihood estimation to determine values for the 

parameters of the model that best fit the data.  All models tested were variations of 

Pollock's Robust Design model.  MARK uses the AICc (Akaike's Information Criterion, 

(Akaike 1973)) to aid the user in the choice of the most appropriate model.  

The robust design model combines groups of secondary sampling occasions into 

primary sampling occasions.  The secondary sampling occasions are assumed to be 

closed populations from which capture/recapture probabilities are determined as well as 

total population (N).  The primary sampling occasions use the Jolly-Seber model for an 

open population to determine survival (S) and movement into and out of the population.  

The Jolly-Seber model assumes equal capture probability.  However, in the robust design 

model capture and recapture probabilities are determined in the secondary sampling 

occasions.  The secondary sampling occasions require an assumption of closure.  Closed 

capture-recapture models can allow for varying probabilities of capture and recapture 

between sampling occasions, which accounts for weather or other conditions limiting 

sight-ability of dolphins.  Additionally, modeling for a population with heterogeneity in 

capture probability is possible, which is necessary in photo-ID studies as more subtly 

marked animals are inherently harder to identify.  Another assumption is that captures of 

animals are independent.  In a social animal such as a bottlenose dolphins there is always 

going to be some violation of this.  Calves stay with their mothers and allied males are 

nearly always seen together (Connor et al. 1992).  Since calves are rarely distinctive and 

thus would only be identified by being with their mothers this most blatant violation of 
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independence of 'capture' of individuals was not included in the data.  No association 

analysis has been performed to determine if males in this population form alliances so 

there is no way to account for this.  The final assumption of mark-recapture analysis is 

that marks will not be lost and are not overlooked.  This assumption is satisfied by careful 

photo-ID procedure.  

Certain parameters in the models are confounded if in the most parametrized 

versions of the models.  In closed mark-recapture models, if p (capture probability) and c 

(recapture probability) are fully independent and both fully time dependent then the value 

for N will simply be the total number of animals sighted.  This must be avoided to get an 

estimate of population size.  To do this, the probability of capture and recapture were set 

equal but time dependent.  Since any dolphin in a sighting is equally likely to be 

photographed this seems reasonable.  The time dependence of the probabilities of capture 

and recapture still accounts for different probabilities of sighting animals on different 

occasions (due to weather, etc.).  Additionally in the robust design model the final values 

for emigration and immigration are confounded with each other and with the final value 

for survival.  For this reason the final values for emigration and immigration are set to 

equal the next to last values in the Markovian model, in which the model 'remembers' 

animals moving out of the population and uses those animals to determine the probability 

of animals moving back into the population. In the random movement model, 

immigration and emigration are set equal to one another for a given time period, which 

also releases the model from the issue of confounded variables.  
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Goodness of fit testing is limited for the closed capture-recapture models used for 

the secondary sampling occasions and Stanley and Burnham (1998) recommend using 

model averaging to obtain the best estimates of population size (N).  Three variations of 

Pollock's Robust Design model fit the data well enough for consideration in the model 

averaging.  All models had both survival (S) and population size (N) varying with the 

primary samples and included heterogeneity of capture and recapture probabilities.  

Additionally, in all the models the probability of capture (p) was equal to that of recapture 

(c) at each sighting but both varied over time (p(t)=c(t)).  These three models differed in 

how the coefficients of immigration to and emigration from the population available for 

capture were constrained.  One model holds movement into and out of the population 

constant over time but independent of each other.  The second consists of the classical 

robust design assumption that movement into and out of the population are the same at 

each time interval.  The final Markovian emigration model (Kendall et al. 1997) related 

the probability of emigrating back into the population to the previous probability that an 

animal moved out of the population.  

Other models were tested but had much less support from the data, i.e., the 

variances were much higher.  This includes an additive model for capture (p) and 

recapture (c) probabilities (p(t) = c(t) + z).  Another model differed by having constant 

values for p and c  within the secondary sampling occasions.  The final model considered 

survival as constant over time.  None of these models fit the data well enough to consider 

in the model averaging.  
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Due to the sparsity of the data from 2004-2006 (5 sightings in 3 years)  only data 

from 2007-2010 were used for the modeling.  This also excluded the one 2011 sighting.  

Models were tested with all the data but variances were much higher.  

Population Viability Analysis – VORTEX
Population viability analysis was performed using the VORTEX Software 

package (Lacy et al. 2012).  Parameters which were used in the VORTEX analysis came 

either from the results of the mark recapture analysis, from published literature, or when 

no other options were available from educated guesses.  The mark recapture analysis 

provided the initial population size and a general value for survivorship (S).  The value 

used for mortality was 1-S.  This value lumps permanent emigration in with mortality but 

for modeling purposes here it is the same, that animal and its genes are lost to the 

population.  This mortality value was used for older juvenile and adult (>3 years of age) 

mortality, as calf mortality is often higher as described below.  Reproduction parameters 

were all taken from the literature as no information of that nature is available for the 

population being studied.  It was assumed that the reproductive parameters of this 

population would be similar to other well-studied small populations of Tursiops 

truncatus.  Calf mortality was also taken from the literature.  The mark-recapture analysis 

was based on photo-ID as noted above.  Young dolphins are less likely to be distinctive 

enough for a positive identification.  Thus the mark-recapture analysis did not include 

younger animals and the higher mortality rates of the young animals are not averaged into 

the overall mortality rate and must be included separately. 

Studies in different areas produce varying estimates for the age of a mother 

dolphin when having her first calf.  Mann et al. (2000) found that age at first birth ranged 
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from 12-15 for bottlenose dolphins in Shark Bay, Australia, while in Sarasota, Florida, 

USA females were sexually mature at 8-10 years of age (Reynolds et al. 2000).  Both of 

these studies gathered information from visual surveys and rely on sighting calves with 

mothers.  This may bias the dates of first calf upwards as calves may be born and die 

before researchers see the mother again.  Female dolphins caught in shark nets off the 

east coast of southern Africa were sexually mature between 9.5 and 11 years of age 

(Cockroft & Ross 1990).  In female captive bottlenose dolphins sexual maturity is 

reached between ages 7 to 10 (Schroeder 1990).  Stranding data from the Central Atlantic 

coast of the United States indicated that females are sexually mature at an average age of 

10.6 years (Mead & Potter 1990).  The age of the mother when having her first offspring 

was chosen as 10 years.  This comes from a comparison of the multiple values from the 

literature with the value giving the greatest overlap between studies being chosen.  

Bottlenose dolphins can live upwards of 50 years and seem able to produce calves 

throughout their lifespan (Reynolds et al. 2000).  The maximum age of reproduction was 

set at 50.  

Male bottlenose dolphins reach sexual maturity at 10-13 in Sarasota, Florida, 

USA (Reynolds et al. 2000) and also in the captive study mentioned above (Schroeder 

1990); at 10-15 from the stranding data off the Central Atlantic coast of the USA (Mead 

& Potter 1990); and finally at an average age of 14.5 off the coast of Southern Africa 

(Cockroft & Ross 1990).  The age of 13 was chosen for modeling the age of first 

offspring of males.  This might be highly inaccurate as Reynolds et al. (2000) mention 

that male dolphins may not be socially mature and thus not producing calves until their 

20s.  Male bottlenose dolphins are known to form alliances of two or three individuals to 
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herd and coerce mates (Connor et al. 1992).   However it has been shown that alliance 

membership is not a prerequisite for mating success (Krützen et al. 2004).  Since there is 

no reason to assume that all mature males are not in the breeding pool, 100% of the males 

were considered available for breeding in the model. 

While birth rates in the literature vary from 0.055 – 0.096 (Perrin & Reilly 1984; 

Wells & Scott 1990; Haase & Schneider 2001) the interval between calves seems to be 

consistent at 3 years (Cockroft & Ross 1990; Reynolds et al. 2000; Haase & Schneider 

2001).  This is true unless a female looses her calf early in the same season it was born, in 

which case the female will likely have a calf again the next year (Perrin & Reilly 1984; 

Reynolds et al. 2000; Haase & Schneider 2001). 

First year calf mortality was reported as 24% in Shark Bay, Australia (Mann et al. 

2000), 18% in Sarasota, Florida, USA (Wells & Scott 1990), and 20% in Doubtful Sound, 

Fiordland, New Zealand (Haase & Schneider 2001).  The average of the values (20.67%) 

was used for the model.  Mann et al. (2000) reported continued high levels of mortality in 

the second year of life (18%) but by the third year mortality has dropped to 3% which is 

comparable to adult mortality in other populations (Wells & Scott 1990).  Wells and Scott 

(1990) report that a higher percentage of mortality comes from sub-adult male dolphins 

but do not calculate a mortality rate for that demographic.  

No direct information is available about the specific effects of inbreeding on 

bottlenose dolphins.  Inbreeding often affects species through survival of young and what 

are called lethal equivalents (Ralls et al. 1988).  Lethal equivalents are the number of 

harmful alleles that cumulatively equal one lethal allele per haploid genome.  Accounting 
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for inbreeding depression is important when modeling populations which may be at risk 

for extinction (O’Grady et al. 2006).  Through a review of 38 species Ralls et al (1988) 

found the median number of lethal equivalents to be 3.14; this was a study of mostly 

captive species.  A study of wild species found the weighted average of lethal equivalents 

to be 5.968 for animals surviving to sexual maturity (O’Grady et al. 2006).  The value of 

3.14 was used since no specific information was available. 

Since many of the parameters used in the model were pulled from the literature 

and thus may not apply to this specific population the model was tested for sensitivity to 

variation in different parameters and with some combinations of parameters.  For 

parameters to which the model is sensitive a second, more conservative, but still 

reasonable estimate was made so that there were two models one conservative and one 

with the basic “best guess” parameters.  

The percentage of the males in the breeding population was assumed to be 100% 

of mature males since no evidence was found to indicate otherwise.  Testing of this 

variable showed that decreasing the percent of males in the breeding population to as low 

as 70% showed no effect on the survival of the population.  This is logical since in a 

polygamous mating system only one male is necessary to breed, thus only extreme 

reductions in the number of available males would likely show any effect in the survival 

of the population.  

The carrying capacity of the population is not known.  When the sensitivity of the 

model to this variable was tested it was found that carrying capacity had an effect on the 

end population size (N) produced by the model.  However any carrying capacity above 
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90 showed no effect on the probability of extinction.  Thus the value of 125 was 

maintained.  

The percent of females breeding each year was based on an inter-calf interval of 3 

years (Cockroft & Ross 1990; Reynolds et al. 2000; Haase & Schneider 2001).  Though 

there was agreement on this value it was the lower limit of the range listed by Reynolds 

et al. (2000).  When this parameter was tested, the model was found to be quite sensitive 

to changes in the inter-calf interval.  The parameter was tested for inter-calf intervals of 

3-6 years. These data lead to differences of approximately 60 animals in the total 

population after 100 years and to an increase of 0.2% probability of extinction for the 

population.  To create a more conservative estimate a median value was chosen and the 

environmental variability in that parameter adjusted to cover the range of 3-6 years for 

inter-calf interval.  

The sex ratio at birth was assumed to be 50:50.  The sensitivity of this assumption 

was tested and the model was found to respond to this variable.  Varying from a 30% 

male sex ratio to a 65% male sex ratio at birth resulted in a decrease of population size of 

55 animals after 100 years and an increase to 0.3% probability of extinction in the same 

time period.  Little information is available on dolphin sex ratios at birth.  Hartmann 

(2000) found a ratio of 56.2% male dolphins for captive-born animals in Europe.  This 

was not a strictly birth ratio but is likely close as there are limited sex specific threats to 

captive dolphins.  For the “conservative” model the value of 56.2% males was used, since 

models with proportionately more males did worse in the sensitivity testing.  
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The age at which dolphins produce their first calf was tested for both males and 

females.  This parameter had no effect on deterministic growth rate (r) population size or 

probability of extinction when tested for male dolphins between 13 and 20 years of age at 

first offspring.  When tested for females, there was a negative, approximately linear 

relationship between age of females at first birth and population size after 100 years.  

Varying this age from 6 to 14 years decreased the final population size by nearly 40 

animals.  However, the probability of extinction only increased to 0.08% over 100 years.  

For the “conservative” model this parameter was raised to 12 years of age for a female's 

first offspring.  This is above the ranges found by Reynolds et al. (2000), Schroeder 

(1990) and Cockroft and Ross (1990) but is the bottom of the range stated by Mann et al. 

(2000).  

The parameters used to calculate inbreeding depression for the population were 

very general.  Testing the model with inbreeding depression and without it showed that 

inbreeding depression did have an effect on the population so it was left in both models.  

However sensitivity testing of the number of lethal equivalents from 1 to 8 produced no 

obvious effects in either population size after 100 years or in probability of extinction.  

Thus the default level of 3.14 was used. 

The two models, “best guess” and “conservative”, were used to consider what 

happened when animals were removed from the population.  Scenarios were constructed 

under which 8 animals were removed from the population.  This is the number that was 

removed by capture for Manati Park in 2002.  Since the age and sex of animals captured 

were not known several scenarios were set up to consider the possibilities.  The 
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possibilities of all 8 as either adult (sexually mature) males or females were considered.  

Additionally the possibility that all 8 were juveniles either male or female was also 

tested.  Finally the fifth scenario tested was a mix of ages, two adult and two juvenile, 

and a 50:50 sex ratio.  These five scenarios were tested with each model.  In all scenarios 

the capture of the animals occurred during year 5 of the model.  In each case the tests 

were run over 5000 trials for 200 years in the model.  These values were also used in 

sensitivity testing where other values were not specified above.

One last scenario was tested to observe what the effect would have been had the 

captures not been stopped.  This scenario was only tested for the case of mixed age and 

sex animals.  In this situation the capture was repeated every five years for fifty years.   

Since the first capture started on year five this meant the last was on year 55.  
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RESULTS

Data included 43 sightings from 2004-2011.  Between 1 and 25 individual 

animals were identified in each sighting.  A total of 132 unique individuals were 

identified, however only 122 were used for the mark-recapture analysis.  Sixty-nine 

individual dolphins were re-sighted up to 15 times each.  The average number of re-

sightings was 2.97.    Table 1 below summarizes the sightings by year.

Table 1: Sightings of individual dolphins summarized by year

ID 2004 2005 2006 2007 2008 2009 2010 2011 Total

000 1 0 0 0 0 0 0 0 1

001 0 0 1 0 0 0 0 0 1

004 1 0 0 0 0 0 0 0 1

005 1 0 0 0 0 0 0 0 1

006 1 2 0 4 1 3 1 0 12

007 0 2 0 7 1 4 2 0 16

008 1 1 0 3 1 2 0 0 8

009 0 0 1 0 1 1 1 0 4

010 1 0 0 0 0 0 0 0 1

013 0 1 0 0 0 2 0 0 3

016 0 1 0 5 1 2 1 1 11

018 0 0 0 1 1 3 2 0 7

020 0 0 1 1 1 0 0 0 3

021 0 0 1 0 0 2 0 0 3

022 0 0 1 0 0 1 0 0 2

023 0 0 1 0 0 0 0 0 1
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ID 2004 2005 2006 2007 2008 2009 2010 2011 Total

024 0 0 1 0 0 0 0 0 1

025 0 0 1 0 0 0 0 0 1

026 0 0 0 1 0 0 0 0 1

027 0 0 0 1 0 0 1 0 2

028 0 0 0 1 0 0 0 0 1

029 0 0 0 1 0 0 1 0 2

030 0 0 0 1 0 0 0 0 1

031 0 0 0 1 0 0 0 0 1

032 0 0 0 3 0 1 0 0 4

033 0 0 0 4 1 2 1 1 9

034 0 0 0 3 1 4 0 0 8

035 0 0 0 2 0 0 0 0 2

037 0 0 0 1 0 0 0 0 1

038 0 0 0 1 0 0 0 0 1

039 1 0 0 2 0 1 0 0 4

040 0 0 0 1 0 2 0 0 3

041 0 0 0 1 0 0 0 0 1

042 0 0 0 2 1 2 0 0 5

043 0 0 0 1 1 0 0 0 2

046 0 0 0 1 0 0 0 0 1

047 0 0 0 1 2 1 2 0 6

048 0 0 0 1 1 1 0 0 3

050 0 0 0 1 0 0 0 0 1

054 0 0 0 0 1 1 0 0 2

055 0 1 0 3 1 1 1 1 8

057 0 0 0 2 1 2 0 0 5

058 0 0 0 1 0 0 0 0 1

059 0 0 0 2 1 3 0 0 6

061 0 0 0 0 1 4 0 0 5

063 0 0 0 1 1 0 0 0 2

064 0 0 0 1 0 2 0 0 3
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ID 2004 2005 2006 2007 2008 2009 2010 2011 Total

065 0 0 0 1 0 0 0 0 1

066 0 0 0 1 0 0 0 0 1

067 0 0 0 1 0 0 0 0 1

068 0 0 0 1 2 0 0 0 3

070 0 0 0 1 0 0 0 0 1

071 0 0 0 1 1 0 0 0 2

073 0 0 0 0 1 0 0 0 1

074 0 0 0 0 1 0 0 0 1

075 0 0 0 0 1 0 0 0 1

076 0 0 0 0 2 0 0 0 2

077 0 0 0 0 1 0 0 0 1

078 0 0 0 0 1 0 0 0 1

079 0 0 0 0 1 0 0 0 1

081 0 0 0 0 1 1 1 0 3

082 0 0 0 0 1 0 0 0 1

083 0 0 0 0 1 0 2 0 3

084 0 0 0 0 2 1 2 0 5

085 0 0 0 0 1 0 2 0 3

086 0 0 0 0 2 0 0 0 2

087 0 0 0 0 1 1 0 0 2

088 0 0 0 0 2 3 1 0 6

089 0 0 0 0 2 0 1 0 3

090 0 0 0 0 1 0 0 0 1

091 0 0 0 0 1 1 0 0 2

092 0 0 0 0 1 3 0 0 4

094 0 0 0 0 1 3 1 0 5

096 0 0 0 0 1 0 0 0 1

097 0 0 0 0 1 3 0 0 4

098 0 0 0 0 1 4 3 0 8

099 0 0 0 0 1 0 1 0 2

100 0 0 0 0 1 0 0 0 1
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ID 2004 2005 2006 2007 2008 2009 2010 2011 Total

101 0 0 0 0 1 0 1 0 2

102 0 0 0 0 2 2 2 0 6

103 0 0 0 0 1 0 0 0 1

105 0 0 0 0 1 2 1 0 4

107 0 0 0 0 1 2 0 0 3

108 0 0 0 0 1 1 0 0 2

109 0 0 0 0 1 1 1 0 3

110 0 0 0 0 0 1 0 0 1

111 0 0 0 0 0 3 0 0 3

112 0 0 0 0 0 3 0 0 3

113 0 0 0 0 0 1 0 0 1

114 0 0 0 0 0 1 0 0 1

115 0 0 0 0 0 3 0 0 3

116 0 0 0 0 0 2 0 0 2

117 0 0 0 0 0 1 0 0 1

118 0 0 0 0 0 3 0 0 3

119 0 0 0 0 0 1 0 0 1

120 0 0 0 0 0 1 0 0 1

121 0 0 0 0 0 1 0 0 1

122 0 0 0 0 0 1 0 0 1

123 0 0 0 0 0 2 2 0 4

124 0 0 0 0 0 2 0 0 2

125 0 0 0 0 0 2 0 0 2

126 0 0 0 0 0 1 0 0 1

127 0 0 0 0 0 1 0 0 1

128 0 0 0 0 0 1 0 0 1

129 0 0 0 0 0 2 0 0 2

130 0 0 0 0 0 2 0 0 2

131 0 0 0 0 0 2 0 0 2

132 0 0 0 0 0 2 1 0 3

133 0 0 0 0 0 2 1 0 3
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ID 2004 2005 2006 2007 2008 2009 2010 2011 Total

134 0 0 0 0 0 1 0 0 1

135 0 0 0 0 0 1 0 0 1

136 0 0 0 0 0 1 0 0 1

137 0 0 0 0 0 2 0 0 2

138 0 0 0 0 0 1 0 0 1

139 0 0 0 0 0 1 0 0 1

140 0 0 0 0 0 4 1 0 5

142 0 0 0 0 0 1 0 0 1

143 0 0 0 0 0 1 0 0 1

144 0 0 0 0 0 1 0 0 1

145 0 0 0 0 0 1 0 0 1

146 0 0 0 0 0 1 0 0 1

147 0 0 0 0 0 1 0 0 1

148 0 0 0 0 0 0 1 0 1

149 0 0 0 0 0 0 1 0 1

150 0 0 0 0 0 0 2 0 2

151 0 0 0 0 0 0 1 0 1

152 0 0 0 0 0 0 1 0 1

153 0 0 0 0 0 0 1 0 1

154 0 0 0 0 0 0 1 0 1

155 0 0 0 0 0 0 2 0 2

156 0 0 0 0 0 0 1 0 1

Mark-Recapture
The program MARK was used to run mark-recapture analysis.  This analysis was 

only run on the data from 2007-2010.  The best supported model is a robust design model 

with the following parameters: survival probability and population size varied by primary 

sample, capture probability was set equal to recapture probability but both were time 

dependent, emigration and immigration were each constant and the model included 
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heterogeneity in capture and recapture probability.  This model is 3.43 times better 

supported by the data than the next best model.  With four primary sampling occasions 

(each year 2007-2010) there are four estimates of population size, three estimates of 

survival and one estimate each of movement in and out of the population.  Population 

size was estimated to be 79.2 (95% CI 52.925 – 148.705) in 2007, 107.7  (95% CI 80.232 

– 160.786) in 2008, 98.2 (95% CI 84.826 – 123.707) in 2009, and 98.0 (95% CI 66.840 – 

160.505) in 2010.  Survival was estimated to be 0.965 (SE 0.192) from 2007 to 2008, 

0.999 (SE 0.000) from 2008 to 2009, and 0.999 (SE 0.002) from 2009 to 2010).  The 

standard error (SE) of 0 for the 2008-2009 value indicates that this was not truly 

estimable in this model given the data, rather than that the estimate is perfect.  Probability 

of movement out of the population was 0.200 while movement into the population of the 

animals which had left the population was 0.898.  

Standard error for the values above does not include uncertainty based on model 

selection.  Since three models were fairly well supported by the data these three models 

were averaged.  Models were averaged through a weighted averaging function in MARK. 

Population size was estimated to be 79.2 (95% CI 52.926 – 148.705) in 2007, 108.2  

(95% CI 80.636 – 161.375) in 2008, 97.184 (95% CI 84.064 – 122.546) in 2009, and 

102.1 (95% CI 66.722 – 178.083) in 2010 (see Table 2 below).  These match closely to 

those from the single model except for the 2010 value though the value for either 

estimation ends up in the 95% CI for the other estimation.  
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Table 2: Population size of bottlenose dolphin population as determined by robust design 

mark-recapture analysis: best fit model and model averaging results.

Best fit Model

Year Population Size 

(N̂)

95% Confidence Interval

2007 79.2 52.9 148.7

2008 107.7 80.2 160.8

2009 98.2 84.8 123.7

2010 98.0 66.8 160.5

Average of Three Best Models

Year Population Size 

(N̂)

95% Confidence Interval

2007 79.2 52.9 148.7

2008 108.2 80.6 161.4

2009 97.2 84.1 122.5

2010 102.1 66.7 178.1

Using the three best models the survival from 2007-2008 was estimated as .913 

(SE 0.186).  Survival from 2008-2009 was only estimated by one model (the classic or 

random movement model) which gave 0.942 (SE 0.166).  Survival from 2009-2010 used 

only the Markovian model and the best fit model as the random model did not have a 

valid estimation.  The value was 0.999 (SE 0.002).  Movement out of the population from 

2007-2008 was only estimated by the best fit model and is given above.  Movement out 

of the population for 2008-2009 was 0.217 (SE 0.110) and was averaged over the three 

models.  The best fit model and the Markovian movement model were averaged to 

determine emigration for 2009-2010 which was 0.215 (SE 0.101).  Movement into the 

population of animals which had previously left the population for 2008-2009 was 0.727 

(SE 0.386) as determined by the average of all three models.  The best fit model and the 
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Markovian movement model were averaged to determine (re)immigration for 2009-2010 

which was 0.793 (SE 0.360).  When one or more models did not produce a valid 

estimation for one of the parameters then only the models which did produce a valid 

parameter were used in model averaging.  This is why some averages were produced by 

fewer models.

Population Viability Analysis
Population viability analysis was performed using the program VORTEX.  Two 

models were considered.  The first represents the most accurate model based on 

parameters from the population and the literature ("best guess" model).  Since some of 

the parameters which were not certain for this population were ones that the outcome of 

the model was sensitive to, a second model was created.  The second model, based in the 

precautionary principle, considered a a realistic scenario that is closer to a worst case 

scenario for the population (“conservative” model).

The "best guess" scenario had a deterministic population growth rate of 

0.02.  The conservative scenario had a deterministic growth rate of -0.004 indicating that 

the population is in decline.  Stochastic growth rates every 5 years for 200 years averaged 

over 5000 trials are shown in Figure 2 below.  The probability of the "best guess" 

population going extinct was 0.000.  This means that in 5000 trials no modeled 

populations went extinct.  The conservative population had a 0.314 probability of going 

extinct within 100 years.  The probability of extinction for both the models can be seen in 

Figure 3 below.  The average population at year 200 for the "best guess" population was 

99.38 (SD 15.96) and for the conservative population was 17.45. (SD 20.92)  The 

average population sizes over time can be seen in Figure 4 below.  
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Figure 2: Average stochastic growth rate (r) from 5000 runs of two Vortex PVA models of  

the population of bottlenose dolphins off the SE coast of the Dominican RepublicFigure 3: Probability of Extinction for 5000 runs of two PVA models in Vortex modeling 

bottlenose dolphins off the SE coast of the Dominican Republic.



The two models were run with a single removal of 8 animals at year 5 to simulate 

the removal in 2002.  Since the exact age and sex ratio of the animals taken for captivity 

is not known several possibilities were run to compare the results.  The results for the 

“best guess” model are shown below in Figure 5.  
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Figure 4: Average Population Size (N) for 5000 runs of two PVA models in Vortex 

showing a population of bottlenose dolphins off the SE coast of the Dominican Republic.



In the "best guess" model the population recovers from the removal of 8 animals.  

At about year 40 all removal scenarios have recovered to the baseline (no removal 

scenario).   The population recovers more quickly from removals of adult males or 

juvenile males than when females are removed.  The removal of 8 adult females results in 

the slowest recovery.  The probability of extinction of the population does increase to .

02% in the mixed and juvenile males removal scenarios.  This is the probability of  

population extinction in1 out of 5000 runs.

40

Figure 5: PVA  "best guess" model in Vortex of bottlenose dolphins off the SE coast of the 

Dominican Republic: removal of 8 individuals of varying age and sex classes and with no 

removal for comparison



In the “conservative” model the situation is different as can be seen in Figure 6 

above.  The population is already in decline but the removal of animals speeds this 

decline. The situations where adult or juvenile males are removed from the population 

still recover to the baseline.  No situations tested in which females were removed did the 

population actually recover completely. It should be noted that “recovery” in this case is 

recovery to the baseline of the “conservative” model not recovery to the initial 

population.  That would be impossible since the population is declining.  Table 3 below 
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Figure 6: PVA “conservative” model in Vortex of bottlenose dolphins off the SE coast of 

the Dominican Republic: removal of 8 individuals of varying age and sex classes with no 

removal for comparison



shows the probability of extinction for each removal scenario and the increase in 

probability of extinction due to the removal of the animals.  

Table 3: VORTEX “conservative” model of the population of dolphins off the SE coast of 

the Dominican Republic: Probability of extinction for a single removal of 8 animals by 

age and sex demographics and the difference between the probability of extinction of the 

removal and non-removal scenario

Removals modeled Probability of Extinction Δ Probability of Extinction

None 0.314 -

All adult male 0.318 0.004

All juvenile male 0.321 0.007

Mixed age and sex 0.339 0.025

All juvenile females 0.360 0.046

All adult females 0.375 0.061

The hypothetical situation where removals continued periodically was also 

modeled.  Removal of eight animals was repeated every five years for fifty years, starting 

at year 5.  In this situation neither population recovered to baseline within 200 years.  The 

"best guess" model was trending towards recovery.  However the probability of extinction 

of the population increased in both models.  The probability of extinction was 0.039 in 

the "best guess" model and 0.625 in the “conservative” model.  The probability of 

extinction can be seen in Figure 7 below.  The greatest increase in the probability of 

extinction comes from the last years in which the removal of animals continues.  This can 

be seen in Figure 8 below showing the probability of the population going extinct at a 

specific time.
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Figure 7: The probability of extinction for the population of bottlenose dolphins off  

the SE coast of the Dominican Republic modeled in Vortex: A comparison of 

baseline and removal of 8 animals every 5 years for 50 years for both "best guess" 

and “conservative” models



44

Figure 8: The probability of the population going extinct in a given year for the 

population of bottlenose dolphins off the SE coast of the Dominican Republic: 

Comparison of baseline and removal of 8 animals every 5 years for 50 years for 

"best guess" and “conservative” models.



DISCUSSION

Photo-Identification

Based on the sighting histories 53 animals were sighted only once.  The majority 

of these were initially sighted near the end of the data collection period considered here.  

This indicates that a number of animals were entering the marked population.  There are 

three ways in which dolphins could enter the marked populations.  The first is a 

distinctive animal entering the population from another location.  The second is a 

distinctive animal which was always in the population being seen for the first time.  The 

last is an animal which was in the population but was not distinctive has become 

distinctive enough for photo identification.  This last situation is basically the time 

delayed effect of animals being born.  Since dolphins acquire the marks on their dorsal 

fin as they age calves are rarely distinctive enough for photo-ID.  Once the animals get 

older their fins naturally become more distinctive until they are identified and enter the 

marked population.  There are two possible reasons why a lot of animals are being seen 

only once.  One is that the animals are leaving the population, through death or 

movement out of the population.  The other is that the survey area does not cover the 

entire territory of the population.  This is fairly likely given that the population occupies 

the open coast so there are no obvious landmarks to form natural boundaries to the 

population.  Bottlenose dolphins are known to occasionally range quite far, in one case 

around 670km off the coast of California (Wells et al. 1990).  Wursig and Wursig (1977) 
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also report an instance of a 600km round trip travel for bottlenose dolphins.  Thus it is 

possible that the population studied here ranges far beyond the study site.

Mark-Recapture
The models which had the best fit were all very similar models.  All modeled the 

probability of capture and recapture as being equal but time dependent (p(t)=c(t)).  The 

next best fitting model had the variables related by an additive constant and still time 

varying (p(t)=c(t)+z).  Other methods of modeling capture and recapture probabilities 

produced much more poorly fitting results.  This indicates that the probability of sighting 

animals varies by time or more likely by some other variable that changed over time (i.e. 

weather).  These probabilities would also vary from year to year based on survey effort 

which was not constant since many sightings were opportunistic.  Since recapture 

probability is the same as capture probability, the probability of seeing an animal is not 

dependent on whether or not it has been seen before.  Since, photo-identification does not 

involve any direct contact with the animals, it has no behavioral impact.  This results in 

the probability of recapture being no different than the probability of capture.  Buckland 

(1990) found that unmodeled heterogeneity in sighting probabilities between individuals 

was likely to negatively bias survival, however, heterogeneity was included in the 

models. Survival and population size were both modeled as varying from year to year 

which is natural for any wild population.  

The only parameters which were different among the three best fitting models 

were how emigration out of the population and immigration into the population were 

modeled.  This is modeling of temporary emigration and the return immigration of the 

animals that left previously.  With data from only one population it is not possible to 
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separate the loss of animals from permanent emigration from the loss of animals from 

mortality.  The model also is not able to distinguish between animals which temporarily 

leave the population and then return from animals which remain in the population but are 

not available for recapture. It is possible that animals modeled as temporarily leaving the 

population are not in fact leaving but instead are occupying an area not covered by 

sighting survey effort and thus cannot be seen.  

There is no obvious linear trend in the estimated size (N̂) of the population.  The 

value for 2007 of approximately 79 animals is lower than the other values and may 

indicate that the population is increasing.  Certainly this number is outside the 95% CI for 

the following two years.  However, the upper bounds of the CI for 2007 certainly 

encompass the values for the later years so there is nothing to indicate a statistically 

significant trend.  Since 20% of the population may move away so that they are no longer 

available for capture it is possible that the apparent early drop in population size is due to 

temporary emigration of animals which are not yet marked, since they weren't seen 

before they emigrated.  Thus when they returned the population seemed to increase.  It is 

also entirely possible that simple stochastic variation resulted in the observed variation.  

The number of animals in the population from 2008-2010 hovered around 100 

individuals.  This is the same as the number of animals described in Sarasota, Florida 

from the 1970s through the 1980s (Scott et al. 1990a; Wells 1991).  Wells (1991) 

describes the Sarasota animals as a social community rather than a strictly demographic 

population and notes that there is interaction between it and neighboring communities.  

Perhaps the similar small population sizes between the two groups may mean that the 
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Dominican Republic population studied here is not a distinct demographic unit but 

simply represents a community of animals which mixes at the boundaries of the 

community.  Alternately the population may be a small distinct population.  The 

population of common bottlenose dolphins in Moray Firth, Scotland number 129 animals 

which is only slightly larger than this population (Wilson et al. 1999).  

Survival of the animals in the population ranged from 91.3%-99.9% over the 

2007-2010 period.  The average survival was 95.1%.  This correlates to a 0.049 mortality 

rate for this population.  This is higher than the number reported (0.038, SD 0.0076) for 

bottlenose dolphins in Sarasota, FL (Wells & Scott 1990).  Wilson et al. (1999) estimated 

mortality between 0.023 and 0.10 for the population in Moray Firth, Scotland.  The value 

calculated here fits within that range, but that range is rather large.  The number 

calculated in this study is close to those reported by other researchers and thus is 

reasonable for bottlenose dolphins.  The habitat of the Sarasota Bay animals is a shallow 

protected bay which may provide protection from sharks and other hazards.  This 

population off the SE coast of the Dominican Republic is exposed to the open waters of 

the Caribbean Sea.  In particular the population is right next to the Mona Passage (the 

straight between the Dominican Republic and Puerto Rico) which has strong currents.  

The more exposed location of this population of dolphins may account for the higher 

mortality rate, but other factors are possible including anthropogenic mortality and higher 

levels of shark predation. 

Since the mortality rate calculated includes permanent emigration of animals from 

the population this may also be a reason for the higher rate as compared to the Sarasota 
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population.  The value for the Sarasota population also included any animals which had 

disappeared and there may have been emigrations (Wells & Scott 1990).  The population 

of dolphins studied here may have a larger tendency for long term emigration than in 

some other well studied populations.  The Mona Passage is only 115km wide and 380m 

deep (Metcalf et al. 1977).  This distance is well within the abilities of bottlenose 

dolphins which have been known to make 600km trips (Würsig & Würsig 1977; Wells et 

al. 1990).  It is not known at the current time if the bottlenose dolphins off of the 

Dominican Republic mix with the dolphins off of Puerto Rico.  If so, it would have 

implications for the management of both populations.  About 20% of the population 

emigrates temporarily out of the study area.  These animals may be going further 

offshore, further west along Hispaniola, across the Mona Passage to Puerto Rico, around 

the eastern end of Hispaniola to the northern part of the island, or any combination of 

these options.  Further research is needed to define the movements of the population.  

Since the Mona Passage has complicated surface currents which lead to choppy surface 

waters the area is not well suited to sighting surveys.  Tagging several animals may be the 

best option to determine their movements.  A simpler solution would consist of 

comparing photo-identification catalogs between the Dominican Republic and Puerto 

Rico.  This would not give detailed information on the movements of the animals but 

would indicate if animals are making the trip across the Mona Passage.  The degree of 

overlap of animals between the two populations would give an indication of the level of 

mixing between the two populations, if they are indeed distinct populations.  
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Population Viability 
Two base models were run using the VORTEX software.  The “best guess” model 

was run using the best available data for bottlenose dolphins combined with the data 

specific to this population.  The second model run, the “conservative” model, was made 

under the approach of the precautionary principle.  Many of the variables which were 

pulled from the literature, and which are surrounded by some uncertainty, have an effect, 

sometimes a strong effect on the outcome of the population.  If the age at first 

reproduction for females was raised, the population did worse.  If the sex ratio at birth 

was skewed to males, the population did worse.  If the interval between calves for each 

female increased then the population did worse.  For the “conservative” model the values 

for these parameters were chosen so that they represent a situation where the population 

was facing a worse scenario.  The values still come from the literature about the species, 

but values at the end of the ranges were chosen.  The model created is realistic but 

somewhat pessimistic about the population's health. 

Considering only the "best guess" model, the population seems to be in very good 

condition and is robust to most perturbations.  The population is growing at a rate of 2% 

per year based on the deterministic growth rate.  This number is under the 4% per year 

defined as a general maximum reasonable growth rate by Barlow et al. (1995).  The 

positive growth rate means that the population will simply increase until it reaches its 

carrying capacity.  It should be noted here that the modeled carrying capacity is 

completely arbitrary.  Carrying capacity had no effect on probability of extinction of the 

population, so the carrying capacity was modeled as being slightly above the current 

number of dolphins in the population.  If the carrying capacity were larger, then this 
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population would keep growing.  Alternately if this population is not closed then it may 

provide a source of animals for recolonization of other nearby populations.  The 

probability of extinction for this population is 0 in that in none of the 5000 trials did the 

population go extinct.

If the deterministic growth rate of 2% per year is assumed and there are no other 

complicating factors then the population should be able to recover from the loss of 8 

animals in about 4 years.  This fact might mislead managers into thinking the population 

was robust to removal of animals at 5 year intervals.  Even if the average stochastic 

growth rate of 1.6% is used it still takes the population only 5 years to recover (again 

assuming no complications).  This provides a good example of why such back of the 

envelope calculations should not be used by management.  Considering the results of the 

VORTEX "best guess" model, recovery to initial population size took between 10 and 15 

years if the animals removed were at least half male.  If all juvenile females were 

removed it took 30 years to recover to baseline and if all adult females were removed it 

took 40 years to return to baseline.  The reasons for the differences are the stochastic and 

environmental variation in reproductive and survival rates.  Additionally, removal of a 

female includes removal of all her potential future offspring which is why the removal of 

females requires a longer recovery time.  All of this ignores that fact that with no 

removals the population would be increasing so it would take even longer for the 

population to return to where it would have been if there was no removal.  

The “conservative” model shows a much more gloomy future for this population 

of dolphins.  Both deterministic (-0.004) and average stochastic (-0.011) growth rates 
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show this population to be in decline.  The population has a 31.4% chance of going 

extinct in the next 200 years.  As long as the growth rate remains negative the population 

is guaranteed to go extinct; the question is only how long it will take.  

Since the “conservative” model shows the population to be in decline, removal of 

animals from the population will speed the population to local extinction.  In the model 

the population never recovers from a removal to its initial population size.  The modeled 

population does show some ability to recover to where it would have been had there been 

no removal.  If the removal only consists of adult males the population would get back to 

the same point as the model with no removals in 25 years.  If only juvenile males are 

removed, this happens in 30 years.  In this model removals including 4 or more females 

can never even catch back up to the state of the model without the removals.  For both the 

recovery, as much as it occurs, and the increase in extinction risk, the sex and age of the 

animals removed is important.  The scenarios modeled in increasing order of impact are: 

removal of only adult males, removal of only juvenile males, removal of mixed age and 

sex, removal of juvenile females, and removal of adult females.  There are several 

reasons that this occurs.  The removal of females affects the reproductive capabilities of 

the population, while the removal of males does not, or only does minimally.  Removal of 

adult females also effectively removes all of their remaining calves.  Removal of juvenile 

females also has this impact but it is delayed because the females themselves would not 

be reproducing.  Thus, the population has some chance to recover the lost number of 

animals before the secondary impacts of the loss of their calves takes effect.  What is not 

modeled is the possible loss of fitness to older calves or juveniles of the mother if adult 

females are removed.  Female bottlenose dolphins may maintain close ties with their 
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offspring for 3-6 years (Shane et al. 1986).  If an adult female is removed those ties will 

be broken which may result in a loss of fitness or death for her older offspring.  

The case where removal of animals was not stopped by public outcry is 

considered in the multiple removals scenario.  This model shows the effect of repeated 

removals every 5 years.  This is the rate at which the growth rate (deterministic-r) for the 

"best guess" model implies the population would have recovered.  Poor understanding of 

population dynamics might consider this a “sustainable” removal.  However, this is not 

the case.  While the "best guess" model the population is robust enough to begin to 

recover even after 50 years of removals, the extinction risk for that population has 

increased from nothing (with no removals) to 3.9%.  In the conservative scenario the risk 

of extinction is 62.5% this is more than double the extinction risk of the population with 

no removals.  These increases in the risk of extinction of the population show the 

negative impact of repeated removals of animals from such a population.  

There are a number of limitations to the model.  Any model is only as good as the 

data put into it.  While the values from the literature were tested for sensitivity, the values 

derived from the population, particularly the mortality rate, will definitely have an impact 

on the population.  As described above the mortality rate for this population is higher, 

though not extremely so, than is reported elsewhere (Wells & Scott 1990; Wilson et al. 

1999).  If the mortality rates were lower, then even the “conservative” model would show 

a better outcome for this population.  Conversely, if the mortality rates were higher than 

what was modeled, then the "best guess" scenario may be overly optimistic. 
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Density dependence has often been used in cetacean modeling and may have 

complex interactions with multiple parameters (Taylor & Demaster 1993).  Perrin and 

Reilly (1984) did not find obvious evidence for density dependent reproduction in 

cetaceans.  Conversely, Fowler (1984) found evidence for density dependent reproduction 

in several cetacean species and found that, for cetaceans, maximum reproduction is more 

likely to occur at densities close to the carrying capacity.  Bottlenose dolphins were not 

one of the species found to exhibit density dependent reproduction (Fowler 1984).  Since 

rates for density dependence of bottlenose dolphins are not known, nor is the carrying 

capacity of this population, density dependence was not modeled.  The lack of inclusion 

of density dependence in reproduction would likely result in increased growth rate for the 

population, were it to be included.  This is because the recent loss of animals due to 

capture may have put the population below its ideal population size.  However, the 

survival parameters were taken from the population directly so if density dependence 

affects survival this may result in the levels reported for survival being too high (or 

modeled mortality too low).  This is because the population is currently in a state where 

animals were removed and thus, assuming it had been at its carrying capacity, it would 

now be below that level.  So if density affected adult survival, then that effect would 

already be included in the estimates from the population, and would not be removed by 

the model at higher population levels.  

It must be noted that there was no attempt made to model any sort of natural 

catastrophe in the VORTEX models.  Two types of catastrophes exist which would need 

to be considered for the populations, but were not modeled due to lack of specific data.  

Harmful algae blooms of Karenia brevis are common in the Gulf of Mexico and may 
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occur in the Caribbean (Magaña et al. 2003).  K. brevis toxicity has been known to kill 

dolphins probably through consumption of toxic fish (Flewelling et al. 2005).  

Additionally, hurricanes are common in the Caribbean.  The responses of bottlenose 

dolphins to hurricanes are complex.  An increase in mortality of dolphins in a hurricane 

year seems obvious and was found by Fearnbach et al. (2012).  Miller et al. (2010) found 

increased sightings of calves after hurricane Katrina.  This was attributed to some 

combination of replacing calves lost in the storm, decreased human fishing rates in the 

area, due to storm damage of fishing fleets, and environmental changes caused by the 

storm (Miller et al. 2010).   Bottlenose dolphins may also move from one population to 

another after hurricanes (Elliser & Herzing 2011).  The severity of effects of either 

hurricanes or red tides, on bottlenose dolphins, is presumably dependent on the severity 

of the event itself.  Without knowledge of these levels of impact or the rates at which 

natural disasters may hit the Dominican Republic dolphin population, there was not 

enough information to attempt to model the effects of natural disasters on the population.  

Thus, the results here present an environmental “business as normal scenario” and any 

disaster impacting the population would need to be included separately in management or 

modeling efforts.   

Management Implications
One of the most obvious implications is that removal of the animals has a long 

term impact on the population.  At the current point in time, over 10 years after the initial 

removal of animals from the population, it is highly unlikely that the population has 

recovered.  It is possible in the case that only male dolphins were removed and if 

environmental and demographic factors were favorable, that the population would just be 
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recovering to its initial population size.  If either environmental factors or demographic 

factors were unfavorable for the population, then it is likely that the population has not 

recovered.  If any female dolphins were taken from the population then it will not have 

recovered and may not for at least another decade.  Thus, the public outcry and protest 

surrounding the capture of dolphins in 2002 had a positive impact on the population, in 

that it prevented more such captures.  There was a market for more dolphins in Manati 

Park as the park tried to import more dolphins from Cuba, and may have done so illegally 

after being denied permission by the Dominican Republic (Rose et al. 2009).  

Two different models in VORTEX were used to create a comparison.  The 

information about adult mortality and initial population size came from what was known 

about this specific population of dolphins.  The majority of the information, including all 

reproductive parameters and calf mortality rates, were taken from literature about 

bottlenose dolphins.  These parameters can vary considerably between populations 

(Perrin & Reilly 1984).  The “conservative” model was created to address this and varied 

from the "best guess" model on 3 parameters: percent of females in the breeding pool 

(based on inter-calf intervals), sex ratio at birth, and age at first offspring for females.  

Though only three parameters were changed and the changes in them were not drastic, 

the outcomes of the models are completely different.  The "best guess" model paints a 

picture of glowing health for the population.  A single removal of animals increases the 

probability of extinction to 0.2% from nothing and multiple removals increases the 

probability of extinction to 3.9%.  In contrast, the “conservative” model shows a clearly 

declining population.  The extinction probability increases from 31.4% to between 31.8% 
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- 37.5% depending on what animals are removed.  If multiple removals occur, the 

probability of extinction jumps to 62.5%.  

The large difference in these two very similar models presents a problem for 

managers.  While good management consists of using the best available data and would 

result in the "best guess" model, the precautionary principle requires using the 

“conservative” model.  The consequences of incorrectly using the "best guess" model 

would very likely result in extinction of the population.  Conversely, incorrectly using the 

“conservative” model would mean a waste of whatever resources were put into a 

recovery attempt for the population.  The best compromise for moving forward would be 

to use the “conservative” model as the baseline for determining the results of future 

actions impacting the population.  This would prevent the possible extirpation of the 

population due to future removal of other animals.  At the same time, research to 

determine the gaps in knowledge, specifically reproductive parameters of female 

dolphins and if the population is closed, would help determine what model is most 

correct.  

Managers often need to balance economic and other factors when considering 

actions to manage wild populations.  In this situation, the park receiving the animals, 

Manati Park, in Puta Cana is not very close to Bayahibe, the town nearest the location 

from which the animals were removed.  Additionally, multiple surveys of tourists in this 

region of the Dominican Republic indicate that over 90% of tourists would prefer to see 

dolphins in the wild (Parsons et al. 2005; Draheim et al. 2010).  Tourists also value boat 

trips to see dolphins being coordinated with dolphin conservation (Parsons et al. 2005; 
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Draheim et al. 2010).  So, what value gained from bringing the dolphins into captivity 

can be seen as a loss of potential income for the locals who could gain money by running 

dolphin boat tours.  Since the dolphins are economically valuable in the wild there is not 

a trade off between the economics of capturing dolphins and the harm to the population 

of removing animals.  Instead the trade off is for the economic growth of the individuals 

capturing the dolphins and the individuals losing the dolphins in the wild population.  

There is additionally some mystery surrounding the fate of the dolphins at Manati Park 

and the establishment is involved in some scandals about animal cruelty for its treatment 

of dolphins (Rose et al. 2009).

Both the sighting data and the mark-recapture analysis imply that dolphins in this 

population may be ranging outside the study area.  Since the models which best fit the 

data include temporary emigration of the animals, it almost certain that the animals are 

moving somewhere outside the study area.  While the dolphins may simply be ranging 

further along the coast of the Dominican Republic, they may also be crossing the Mona 

Passage to interact with the population off of Puerto Rico.  This possibility could have 

large implications for the management of these animals.  Currently, very little is known 

about the population dynamics of the bottlenose dolphins off the Puerto Rico Coast.  That 

stock is defined by the U.S. exclusive economic zones but those boundaries are based 

entirely on political boundaries in absence of any knowledge of the movements of the 

animals (Waring et al. 2012).  The dolphins off the Dominican Republic coast could 

easily be a continuous population including the animals off Puerto Rico and would thus 

be subject to the protection of the U.S. Marine Mammal Protection Act of 1972, at least 

when they are in U.S. waters or otherwise under U.S. jurisdiction.  
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CONCLUSIONS

Through the use of photo-identification of natural marks on the dorsal fins of 

bottlenose dolphins, sighting histories were determined.  Mark-recapture analysis 

provided an abundance of 102 animals in 2010 and an average annual survival of 0.952.  

Population viability analysis showed two possible scenarios for this population.  In the 

"best guess" scenario the population is very robust and well on its way to recovery from 

the removal of the eight animals removed in 2002.  Conversely, in the conservative 

scenario the population is in decline and the removal of 8 animals has sped the population 

on its way to local extinction.  Research on the reproductive parameters of the population 

and determining if the population is closed will aid in more accurate modeling. Until a 

more accurate model is determined the precautionary principle requires treating the 

population as if it functioned as in the “conservative” model and is in decline.  
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APPENDIX

Several complications exist when using photo-identification for mark-recapture 

analysis.  For some models equal probability of capture for different animals is an 

assumption inherent into the model.  However, some animals are inherently more 

distinctive than others.  This creates a situation where the more distinctive animals will be 

seen more often because they can be identified in poorer quality pictures (Figure 9).  The 

flip side of the issue is that there are animals which can only be identified in extremely 

high quality pictures (Figure 11).  By eliminating from consideration those sightings of 

highly distinctive animals for which there were only very poor quality pictures and those 

animals which will only be sighted in perfect quality photographs the researcher can 

minimize the bias introduced by differences in identification probability of the animals.  

Since this study did model for homogeneity in sighting probability between individuals 

only the extreme cases were removed.  This allowed for the inclusion of more data while 

limiting bias introduced into the model. Several examples of photos which were not 

included are shown below (Figures 9-11).  
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Figure 9: Two images of Blisters, a bottlenose dolphin from the SE coast of the 

Dominican Republic.  Though the dolphin is recognizable in both pictures this is only 

because of the highly distinctive scar on the animal's back.  The picture on the left would 

not be included in mark recapture analysis.

Figure 10: These two photographs of dolphin dorsal fins are neither distinctive enough 

or clear enough to allow for positive re-identification.  Such pictures were not used in 

this study.  These images are blown up from their initial size.



For comparison a dorsal fin photograph which is both distinctive and of high 

quality is shown below in Figure 12.  Another issue is that dolphins accumulate scars and 

nicks on their dorsal fins over time.  Thus dolphin dorsal fins can change over time.  This 

issue will not affect mark recapture analysis so long as it is accounted for in photo-

identification.  The researcher must be careful not to overlook the possibility that the 

dolphins natural marks have changed over time.  This issue is simplified somewhat in that 
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Figure 11: This image of a bottlenose dolphin dorsal fin has enough marks on it to allow 

reliable re-identification only from a very high quality image.  Thus this animal was not 

included in mark recapture analysis, otherwise only pictures of this quality could be 

included.



the dorsal fin will not grow back but will only accumulate marks.  In Figures X and Y 

below this process is illustrated.  
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Figure 12: This bottlenose dolphin dorsal fin provides an example of a distinctive 

animal in a high quality photograph.  Note that there are several marks along the 

trailing edge of the dorsal fin.  Even if one mark were to change the others would 

allow for positive identification.
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Figure 13: This figure shows two images of the same animal on the left in January 2005 

and on the right in July 2007.  The large scar on this dolphin remains the same as does 

the upper half of the trailing edge of the dorsal fin.  A large notch has been added to the 

lower half of the trailing edge of the dorsal fin which enhances the appearance of the tab 

in the middle of the dorsal fin and creates the appearance of a ledge near the bottom of 

the fin.  Also the lighter white rake marks in the older picture have healed.

Figure 14: These two images of bottlenose dolphin dorsal fins provide another example 

of change over time of dorsal fins.  The fin on the left is from 2006 the fin on the right is 

from 2009, both are of the same animal.  An additional notch has been added in the 

middle of the trailing edge of the dorsal fin.
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