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Abstract

The Atlantic coastal bottlenose dolphin (Tursiops 
truncatus) has a complex distribution along the 
southeast coast of the United States. The current 
population estimates for the 15 stocks of these 
dolphins are based primarily on a series of sur-
veys, with the incorporation of stranding data and 
trends observed during a series of mass strand-
ings caused by a morbillivirus epizootic in 1987-
1988. Currently, there are no density or abun-
dance estimates for areas south of Cape Hatteras, 
North Carolina, before these stranding events. From 
April 1982 to August 1984, aerial sightings of dol-
phins were recorded seasonally along the continen-
tal shelf from Cape Hatteras to Key West, Florida. 
These data were collected in conjunction with the 
Southeast Turtle Surveys (SETS) conducted by the 
National Marine Fisheries Service. We analyzed 
these datasets to determine population density and 
abundance across locations, seasons, and years 
prior to the 1987-1988 event. The average abun-
dance estimate from 1982 to 1984 was 10,931 dol-
phins (CV = 0.06). Abundance estimates for 1982 
(11,720, CV = 0.14), 1983 (11,393, CV = 0.09), and 
1984 (14,408, CV = 0.12) were not significantly 
different (p ≤ 0.05). Nor were the summer (10,324, 
CV = 0.14), spring (13,312, CV = 0.09), and fall 
(15,900, CV = 0.19) estimates. Results demonstrate 
that dolphins in the early 1980s followed similar 
migratory patterns as currently observed, includ-
ing a shift of dolphins north in the summer and 
south in the winter. The estimated abundance in the 
winter of 1983 was less than estimates from repli-
cate studies in the winter of 1992 and 1995, while 
estimated abundance of dolphins in the summers of 
the early 1980s was approximately half that esti-
mated in a summer 2002 survey. These data pres-
ent a baseline of density and abundance estimates 
before the mass stranding events of 1987-1988, and 
preliminary comparisons indicate that the mortality 

rate may have been low for the overall population 
of dolphins between Cape Hatteras and Key West.
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Introduction

The Atlantic bottlenose dolphin (Tursiops truncatus) 
has a complex distribution along the Atlantic coast 
of the United States, and it is comprised of estuarine, 
coastal, and offshore stocks. Two of these stocks are 
morphologically and genetically distinct ecotypes 
that occur in waters over the continental shelf, and 
are described as the offshore and coastal ecotypes 
(Duffield et al., 1983). The coastal ecotype is typi-
cally found between 7.5 and 34 km from shore, and 
the offshore ecotype is found in water > 34 km off-
shore and > 34 m deep (Torres et al., 2003). 

The coastal bottlenose dolphin ecotype includes 
migratory, resident, and transient stocks found 
within estuarine habitats and nearshore continental 
shelf waters from northern New Jersey to central 
Florida (Waring et al., 2011). Two migratory stocks 
are hypothesized to move seasonally over large 
spatial scales. The Northern Migratory stock occurs 
in waters off of North Carolina during the winter 
months and ranges as far north as New Jersey 
during the summer (Rosel et al., 2009). The move-
ment of the Southern Migratory stock is less well 
understood, but it likely ranges as far south as 
northern Florida during winter months and occurs 
off the coast of North Carolina and perhaps Virginia 
during the summer (Waring et al., 2011). In addi-
tion, there appear to be resident animals within 
nearshore coastal waters off of South Carolina, 
Georgia, and northern Florida that do not undertake 
large-scale seasonal migrations (Waring et al., 2011) 
(Figure 1). Finally, there are resident bottlenose 
dolphin populations that occupy the waters of 



		  

estuarine systems, including those near Charleston, 
South Carolina (Speakman et al., 2006); Indian 
River Lagoon, Florida (Mazzoil et al., 2005, 2008); 
and Biscayne Bay, Florida (Litz, 2007). Animals 
from these stocks may occur intermittently in near-
shore coastal waters (Waring et al., 2011).

The complexity of the stock structure of bottle-
nose dolphins on the Atlantic coast has hampered 
assessments of population status and the evalua-
tion of the impacts of both natural and anthropo-
genic sources of mortality. A series of mass strand-
ings caused by a morbillivirus epizootic (Lipscomb 
et al., 1994) occurred in 1987-1988 between Florida 
and New Jersey. Initially, the spatial and temporal 
patterns of strandings were interpreted to represent 
a single coastal migratory stock ranging seasonally 
between Florida and New Jersey, and the impact on 

this putative stock was estimated to have resulted 
in mortality rates up to 50% (Scott et al., 1988). 
However, later evaluation by McLellan et al. (2002) 
was not consistent with the single stock hypothesis, 
and genetic analyses indicated multiple distinct pop-
ulations throughout the range of the epizootic event 
(Rosel et al., 2009). Reanalysis of the stranding pat-
terns suggested that the mortality rate for some stocks 
was likely close to 10% (Eguchi, 2002). Following the 
mass strandings of 1987-1988, the coastal migratory 
stock of bottlenose dolphins was declared depleted 
under the Marine Mammal Protection Act, and the 
entire coastal ecotype retains that status despite the 
revisions to the stock structure. 

The abundance and spatial distribution of bottle-
nose dolphins in coastal waters of the southeast U.S. 
has been assessed using aerial surveys conducted 
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2007). Animals from these stocks may occur intermittently in nearshore coastal waters 

(Waring et al. 2011) (Place Figure 1 here). 

 

 

Figure 1. Current boundaries for prospective stocks of Western North Atlantic Coastal 

morphotypes of bottlenose dolphins. Although several estuarine stocks of dolphins are found south 

of central Florida, there are no separate coastal stocks. From the October 2008 Stock Assessment 

Report (Waring et al. 2009) 

 

The complexity of the stock structure of bottlenose dolphins on the Atlantic coast 

has hampered assessments of population status and the evaluation of the impacts of both 

natural and anthropogenic sources of mortality. A series of mass strandings caused by a 

morbillivirus epizootic (Lipscomb et al. 1994) occurred in 1987/88 between Florida and 
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Figure 1. Current boundaries for prospective stocks of Western North Atlantic Coastal morphotypes of bottlenose dolphins; 
although several estuarine stocks of dolphins are found south of central Florida, there are no separate coastal stocks. Taken 
from the October 2008 Stock Assessment Report (Waring et al., 2009).
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between 1992 and 2005 (Waring et al., 2011). These 
included a survey in the winter of 1992 (Blaylock 
& Hoggard, 1994), in the winter of 1995 (Blaylock 
et  al., 1995), and in the summer of 2002 (Garrison 
et  al., 2003). These surveys provide excellent esti-
mates of a single seasonal time point, but they have 
not been of sufficient frequency to assess potential 
trends in population size. Also, in the absence of data 
prior to the epizootic event, it is difficult to evaluate 
the status of the stocks relative to the decades preced-
ing the event. Another set of aerial surveys were con-
ducted over the continental shelf from Cape Hatteras, 
North Carolina, to the Gulf of Maine between 1978 
and 1982, and these surveys have been analyzed to 
provide information on seasonal abundance and 
spatial distribution of bottlenose dolphins from the 
Northern Migratory stock and the offshore ecotype 
(Kenney, 1990). These do not include the waters pri-
marily affected by the epizootic event, and no such 
analysis of historical data has been conducted for 
waters south of Cape Hatteras.

From 1982 to 1984, aerial surveys to assess sea 
turtle distribution were conducted seasonally during 
the Southeast Turtle Survey (SETS). The survey 
area ran along the U.S. coast from Cape Hatteras to 
Key West, Florida, and distribution data were col-
lected for sea turtles and dolphins as well as any 
other discernible sightings (Thompson & Shoop, 
1983). Using the data collected during SETS, we 
calculated estimates of the abundance and density 
of bottlenose dolphins both collectively and season-
ally for the years 1982 to 1984. These results pro-
vide a baseline for comparison with estimates from 
after the morbillivirus epizootic and contribute to 
the understanding of the bottlenose dolphin popula-
tion status along the southeast coast of the U.S.

Materials and Methods

Data Collection
From April 1982 to August 1984, aerial surveys 
were conducted seasonally along the continen-
tal shelf from Cape Hatteras, North Carolina, to 
Key  West, Florida. These data were collected in 
conjunction with SETS conducted by the National 
Marine Fisheries Service (NMFS) along randomly 
selected line transects within sampling blocks 
(Thompson & Shoop, 1983; Aero-Marine Surveys, 
1984). Each survey included coverage of the study 
area from the shoreline to the western edge of the 
Gulf Stream. The study area covered 107,242 km2 
and was divided into ten sampling blocks approxi-
mately 10,000 km2 each (Figure 2) designed to allow 
each block to be flown in a single day. Surveys 
were flown seasonally, and each season was com-
prised of two months: winter (January-February), 
spring (April-May), summer (July-August), and 
fall (October-November). Transects of lengths 

between 16 and 153 km were selected to sample a 
total of more than 8% of the area within each block 
(Thompson & Shoop, 1983). There were a total of 
eight surveys flown from 1982 to 1984.

Sightings were collected from a twin-engine, 
Beechcraft AT-11 aircraft flown at an altitude of 
152.4 m. A Plexiglas nose bubble allowed for an 
unobstructed view of the trackline directly below 
the plane. Before data collection, five intervals were 
marked on the bubble window using a reference air-
strip at increments of 1⁄16 nmi or 115.75 m. The per-
pendicular distance to the trackline from the aircraft 
for each sighting was recorded within one of these 
five intervals that encompassed 0 to 578.75 m; there-
fore, no exact distances from the aircraft were taken 
(Thompson & Shoop, 1983). 

Study observer positions (n = 4) included a right 
and left observer, resting position, and data entry 
in addition to the pilot. Location, number, and dis-
tance from the aircraft of each bottlenose dolphin 
sighted were recorded as clusters, or estimated 
number of animals, within one sighting. Since bot-
tlenose dolphins are typically detected in clusters, 
the distance measurement was taken to the center 
of the cluster, and the number of individuals in the 
cluster were counted (Thompson & Shoop, 1983). 

The intervals were converted to distances using 
a random conversion within the interval to avoid 
problems of curve fitting. Sightings may include 
any combination of offshore, coastal, or estua-
rine dolphin stocks. However, the surveys did not 
extend far into the range of offshore dolphins nor 
would the survey area allow for adequate coverage 
of the estuarine stocks. Therefore, the SETS cov-
erage area most likely contains primarily coastal 
resident and migratory stocks.

Data Analysis
These datasets were analyzed using the computer 
program Distance, Version 5.0, to determine popu-
lation density and abundance across locations, sea-
sons, and years (Thomas et al., 2010). Each of the 
eight datasets—spring 1982, 1983, 1984, summer 
1982, 1984, fall 1982, 1983, and winter 1983—
was analyzed to estimate density and abundance 
of bottlenose dolphins both across the total area 
and within each of the ten survey blocks. The indi-
vidual datasets from each survey were combined 
to provide seasonal, annual, and overall abundance 
estimates. The models included the assessment of 
the covariate effects on sighting (Buckland et al., 
2004). Covariates included sea surface tempera-
ture (SST) recorded by the Barnes PRT-5S radi-
ometer, time and position of sighting measured by 
the Loran-C navigation computer, glare, sea state, 
turbidity, cloud condition (cloudcon), cloud cover, 
visibility, and any notes about the individual sight-
ings (Thompson & Shoop, 1983).
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Each of the eight datasets examined covered 
Blocks 1 through 10 with at least an 8% effort 
unless there was interference due to weather or mil-
itary activity. Three surveys were affected by inter-
ference: winter, summer, and fall 1983. During the 
winter 1983 survey, Block 1 was not surveyed, and 
Block 2 only had 4.46% coverage due to weather 
interference. In summer 1983, all blocks had 4% 
coverage except for Blocks 8 and 9, which had over 
8%. During the fall 1983 survey, Blocks 4, 5, 6, 
and 7 were combined with only 4% coverage of all 
blocks. Blocks 1 and 2 were missed due to weather, 

and Block 3 was cut from the survey (Aero-Marine 
Surveys, 1984). All estimates incorporate these 
variations in effort. To determine the actual area 
contained within each of the ten blocks surveyed, 
the GPS points (Thompson & Shoop, 1983) of 
the outer limits of these blocks were plotted using 
Globalmapper, Version 7.0 (2005). The points were 
then connected and the area contained within the 
outlined block determined. These areas were used 
in the density calculations.

 All datasets were mapped using Globalmapper 
to examine the position of transects and sightings 
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Figure 2. Division of 10,000 km
2 
block areas along the southeast coast of the United States. 

Sightings were collected from a twin-engine, Beechcraft AT-11 aircraft flown at 

an altitude of 500 feet.  A Plexiglas nose bubble allowed for an unobstructed view of the 

Figure 2. Division of 10,000 km2  block areas along the southeast coast of the United States
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within blocks to ensure that all data were recorded 
correctly. Any transect which crossed blocks or 
extended more than 1⁄3 of its length outside of 
the block was removed from the analysis. Any 
sighting associated with these transects was also 
removed, and any sighting that did not correspond 
to a transect or block was removed. 

The best model for each dataset was chosen 
based on several factors, most importantly 
Akaike’s Information Criterion (AIC) and sec-
ondly the Coefficient of Variance (CV). The best 
fit model is that which has the lowest AIC and CV 
(Buckland et al., 2001).

The resultant estimates of density from sea-
sons and years were compared using a Z-statistic. 
This was calculated using the equation given by 
Buckland et al. (2001). The difference in density 
variance between two densities is equal to the 
addition of the individual variances: 
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 To test the null hypothesis that the density of one area was equal to the density of 
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and therefore (D1 – D2 = 0). 

The resultant z-score was located in the z-table which gives the probability of the values 

being larger, or a one-tailed test. This probability was then multiplied by two to 
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To test the null hypothesis that the density of 
one area was equal to the density of another, the 

densities were set equal to each other (D  = D ) 
1 2 and 

therefore (D1 - D2 = 0). The resultant z-score was 
located in the z-table, which gives the probability 
of the values being larger, or a one-tailed test. This 
probability was then multiplied by 2 to determine 
the two-tailed result (Buckland et al., 2001). 

To further test the null hypothesis that densi-
ties during separate surveys are equal, the z-based 
95% CI were calculated. These are given by the 
difference in density plus or minus the z-score 
multiplied by the variance of the difference:
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If the resultant range contains zero, in other words goes from a negative to a 

positive value, then this indicates that the difference in abundance or density estimates is 

not significant (Buckland et al. 2001).  

 

Results 

All datasets supported robust results with the AIC varying by less than 2 in almost all 

model comparisons and less than 3 in all comparisons (Burnham and Anderson 2002). 

The chosen sighting functions each had a CV less than 0.23 with a low of 0.018 when all 

datasets were merged (Table 1). The sighting functions had relatively good fits with all of 

the chi-square goodness of fit p-values well above 0.05 (Table 2). All of these factors are 
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If the resultant range contains zero—in other 
words, goes from a negative to a positive value—
then this indicates that the difference in abundance 
or density estimates is not significant (Buckland 
et al., 2001). 

Results

All datasets supported robust results with the AIC 
varying by less than 2 in almost all model compar-
isons and less than 3 in all comparisons (Burnham 
& Anderson, 2002). The chosen sighting func-
tions each had a CV less than 0.23 with a low of 
0.018 when all datasets were merged (Table 1). 
The sighting functions had relatively good fits 
with all of the chi-square goodness of fit p-values 
well above 0.05 (Table 2). All of these factors 
are indicative of robust datasets that result in the 

Table 1. Model selection for all datasets

 
Dates

 
Key function

 
Series adjustment

 
Truncation

Interval
(m)

 
Covariate

Spring 1982 Hazard-Rate Simple polynomial 250 m 50 None
Summer 1982 Hazard-Rate Simple polynomial 5% 50 None
Fall 1982 Half-Normal Cosine 300 m 75 None
Winter 1983 Half-Normal Cosine N/A 115.75 None

Spring 1983 Hazard-Rate Simple polynomial 7% 33 None
Summer 1983 Half-Normal Cosine 250 m 50 None
Fall 1983 Half-Normal Cosine N/A 86 None
Spring 1984 Hazard-Rate Simple polynomial 250 m 50 None
Summer 1984 Half-Normal Cosine 300 m 75 Sea state

Cloudcon
SST

1982 Hazard-Rate Simple polynomial 5% 75 None
1983 Hazard-Rate Simple polynomial 350 m 115.75 None
1984 Half-Normal Cosine 250 m 50 Sea state
Spring Hazard-Rate Simple polynomial 350 m 115.75 SST
Summer Half-Normal Cosine 250 m 50 None
Fall Half-Normal Cosine 275 m 18 Cloudcon
Winter Half-Normal Cosine N/A 115.75 None
Total Hazard-Rate Simple polynomial 300 m 75 Cloudcon
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most accurate estimates from the chosen models 
(Buckland et al., 2001). 

The total abundance estimates for the study 
area were generally higher in the winter and 
spring and lower in the summer and fall (Table 3). 
For any given time period, Block 8 (coastal north-
ern Florida) typically had the highest density 
and abundance estimates, while Blocks 3 and 4 
(coastal South Carolina) and Block 10 (southern 
Florida and the Keys) had the lowest density and 
abundance estimates (Tables 4 & 5). For several of 
the datasets, covariate inclusion was indicated by 
both AIC and CV. These included sea state, SST, 

and cloud condition. All three were indicated in 
summer 1984, sea state in the pooled 1984, SST 
in both spring and total pooled data, and cloud 
concentration in fall (Table 1). There were no sig-
nificant differences (p ≥ 0.05) in estimated density 
between seasons or years (Table 6).

Seasonal Comparisons
In spring, the total estimated dolphin abundance 
for 1982 to 1984 was 13,312 individuals and the 
estimated density was 0.124 dolphins/km2 (CV 
= 0.08) (Table 3). The highest abundance in the 
spring was in Block 8 along the northern Florida 

Table 2. Sighting function evaluation criteria: ESW = Effective Swath Width, CV = Coefficient of Variance, GOF = Goodness 
of Fit, SE = Standard Error; all calculated by the Distance, Version 5.0.

Dates ESW CV GOF chi-square p-value SE

Spring 1982 178 0.08 0.33475 14.722
Summer 1982 207 0.07 0.78249 14.871
Fall 1982 127 0.09 0.64269 11.409
Winter 1983 171 0.08 0.71770 14.144
Spring 1983 238 0.03 0.41765 7.258
Summer 1983 179 0.11 0.87188 20.385
Fall 1983 258 0.23 0.63735 59.711
Spring 1984 211 0.06 0.93570 14.214
Summer 1984 142 0.10 N/A 14.829
1982 185 0.05 0.73214 9.567
1983 214 0.04 N/A 9.516
1984 183 0.03 0.84636 6.454
Spring 213 0.03 N/A 5.973
Summer 174 0.06 0.80738 11.482
Fall 157 0.07 0.66283 11.440
Total 215 0.02 N/A 3.857

Table 3. Density and abundance estimates for all datasets, including the mean group size

 
 
Dates

Mean
density  

(dolphins/km2)

 
SE

density

 
Mean

abundance

 
SE

abundance

 
 

CV

 
Mean

group size

 
SE

group size

Spring 1982 0.07690 0.00186   8,247 199.65 0.23 4.25 0.52230
Summer 1982 0.11011 0.00327 11,808 351.03 0.25 8.15 1.62510
Fall 1982 0.17131 0.00438 11,941 305 0.22 7.76 1.07700
Winter 1983 0.12318 0.00237 11,884 228.17 0.20 4.82 1.09070
Spring 1983 0.14401 0.00111 15,444 199.16 0.11 4.83 0.57120
Summer 1983 0.05950 0.00146   6,381 156.61 0.20 3.10 0.37323
Fall 1983 0.08528 0.01641   6,430 489.04 0.39 6.44 1.57200
Spring 1984 0.13473 0.00158 14,449 169.56 0.13 4.30 0.37030
Summer 1984 0.15309 0.01914 14,928 567.08 0.30 5.64 0.93259
1982 0.10928 0.00100 11,720 107.2 0.14 6.51 0.63647
1983 0.10623 0.00048 11,393 51.5 0.09 4.59 0.40059
1984 0.13435 0.00113 14,408 120.87 0.12 4.56 0.35757
Spring 0.12413 0.00048 13,312 51.62 0.08 4.57 0.31573
Summer 0.09627 0.00097 10,324 103.69 0.14 5.54 0.65695
Fall 0.14827 0.00283 15,900 303.53 0.19 7.43 0.89135
Total 0.10193 0.00022 10,931 23.81 0.06 5.16 0.27870
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coastline. Looking at trends north to south, the 
abundance increased gradually up to Block 8 fol-
lowed by a drastic decline in central Florida and 
the Keys. The Florida Keys had the lowest abun-
dance: 356 dolphins (CV = 0.19).	

The total estimated abundance and density for 
summer 1982-1984 were 10,324 individuals and 
0.096 dolphins/km2 (CV = 0.14) (Table 3). The 
dolphin density was consistent across the blocks 
except for Block 8 in northern Florida, which 
had a density more than twice that of any other 
block at 0.273 dolphins/km2 (0.20). Blocks 2 and 
5 had the smallest density at 0.041 (CV = 0.52) 
and 0.042 (CV = 0.39) dolphins/km2, respectively 
(Table 4).

The total mean estimated abundance and den-
sity for fall of 1982-1983 was 15,900 individuals 
and 0.148 (CV = 0.19) dolphins/km2 (Table  3). 
Generally, the densities increased with an increase 
in latitude. Block 1 had the highest density at 0.308 
(CV = 0.32) dolphins/km2. Blocks 6 and 9 had the 
lowest densities at 0.063 (CV = 0.47) and 0.065 
(CV = 0.42) dolphins/km2, respectively (Table 4). 

The only winter survey was conducted in 
January-February of 1983, so this dataset repre-
sents the full seasonal data for winter. Block 1 
was not surveyed due to inclement weather, and 
there were no sightings in Block 2. Blocks 8 and 
9 along the Florida coastline had the highest esti-
mated density of 0.34 (CV = 0.27) and 0.28 (CV 
= 0.34) dolphins/km2, respectively. Block 6 along 
the Georgia coastline had the lowest density: 
0.026 (CV = 0.93) dolphins/km2. The total esti-
mated density and abundance for winter 1983 was 
0.123 individuals/km2 and 11,884 (CV = 0.20) 
individuals with a CV of 0.20 (Table 4).

Yearly Comparisons
The combined 1982 data, which included spring, 
summer, and fall of 1982, had a total abundance 
estimate of 11,720 dolphins and a density estimate 
of 0.109 (CV = 0.14) dolphins/km2. In 1982, the 
highest density area was along the central Florida 

coastline (0.27 dolphins/km2; CV = 0.29). The 
lowest density was along the Georgia coastline 
(0.04 dolphins/km2; CV = 0.35) (Table 5). 

Overall density estimates for 1983 (0.106 dol-
phins/km2; CV = 0.09), which included winter, 
spring, summer, and fall of 1983, were very close 
to the 1982 estimates. As in 1982, the area with 
the highest density was along the northern Florida 
coastline in Block 8 (0.223 dolphins/km2; CV = 
0.14), while in contrast, the Georgia coastline in 
Block 6 was the second highest (0.16 dolphins/
km2; CV = 0.19) (Table 5). Blocks 1 and 10 at the 
extreme north and south of the survey area had the 
lowest densities and abundances. 

The total abundance and density for 1984 was 
calculated from the spring and summer 1984 
surveys at 14,408 and 0.134 dolphins/km2 (CV 
= 0.13) (Table 3). These estimates were slightly 
higher than the previous 2 y. The highest density 
was in Block 8 (0.185 dolphins/km2; CV = 0.24). 
Block 10 in the Florida Keys was the lowest den-
sity area (0.0197 dolphins/km2) (Table 5).

Overall Comparisons
All datasets combined had a mean abundance esti-
mate of 10,931 and density of 0.102 (CV = 0.06) 
dolphins/km2. The area with the largest overall 
density was Block 8 with 0.21 (CV = 0.12) dol-
phins/km2, while the smallest overall density 
was 0.04 (CV = 0.20) dolphins/km2 in Block 10 
(Table  5). The density increased gradually from 
north to south from southern North Carolina 
to northern Florida and then dropped in central 
Florida and the Keys (Table 5). 

Discussion

Generally, over season and year, Block 8 off of 
the northern Florida coastline had the highest dol-
phin density estimates, while Block 10 in south-
ern Florida and the Keys had the lowest. This 
differed from the fall estimates when Block 1 in 
North Carolina was the highest, and Blocks 6 and 

Table 6. Z-based confidence interval and p-value for seasonal density comparisons

 
Seasonal/yearly comparison

95% Z-based CI
Lower (difference) Upper

 
p-value

Spring to Summer -0.0033 (0.0312) 0.0318 0.08
Spring to Winter -0.0475 (0.0043) 0.0057 0.87
Fall to Spring -0.0391 (0.0208) 0.0226 0.50
Fall to Summer -0.0103 (0.0520) 0.0540 0.10
Fall to Winter -0.0482 (0.0251) 0.0278 0.50
Winter to Summer -0.0277 (0.0269) 0.0284 0.33
1982 to 1983 -0.0331 (0.0031) 0.0392 0.87
1982 to 1984 -0.0108 (0.0251) 0.0670 0.31
1983 to 1984 -0.0202 (0.0281) 0.0703 0.16
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9 in South Carolina and central Florida were the 
lowest (Table 4). This likely is an indication of 
movement during the fall months—perhaps that 
of the Southern Migratory stock (Waring et al., 
2011). 

Although not statistically significant, there was 
a trend of higher dolphin abundance estimates 
within the study area in the spring (p = 0.08) 
and winter (p = 0.10) compared to the summer 
(Table 6). This may be from a group of dolphins 
leaving the study area during the summer, again 
consistent with the hypothesized large-scale move-
ments of the Southern Migratory stock as far south 
as northern Florida during winter months and off 
the coast of North Carolina and perhaps Virginia 
during the summer (Waring et al., 2011). In com-
paring the combined seasonal data, there was an 
increase in total dolphin abundance from summer 
to fall and then a decrease to approximately the 
same number in winter and spring. During the fall, 
the estimated abundance in the northern blocks 
was five to seven times higher than during the 
other seasons (Table 4). This may be a result of 
the presence of the Southern Migratory stock or 
an influx of dolphins from another area. 

These findings support the current stock 
boundaries hypothesized for coastal bottlenose 
dolphins (Figure 1). The dolphins appear to shift 
from Georgia and northern Florida in the spring 
and summer to northern South Carolina and 
North  Carolina in the fall before returning to 
Georgia in the winter. These results corroborate 
other findings (National Marine Fisheries Service 
[NMFS], 2001; McLellan et al., 2002; Garrison 
et al., 2003) and may be a result of sea tempera-
ture changes and prey distribution associated with 
the fall season that would correlate with previous 
studies in which dolphin density increased south 
of Cape Hatteras in the fall (Torres et al., 2005). 

From 1982 to 1984, there was not a significant 
change in dolphin density. For all 3 y, northern 
Florida had the highest densities. In 1983, there 
was a two- to threefold decrease in the number of 
dolphins in the two most northern blocks. This is 
likely the result of the inclusion of the winter data 
in that dataset. This indicates the importance of 
estimating from data that is divided by season since 
most dolphin stocks are known to migrate season-
ally (Torres et al., 2005). From 1982 to 1984, there 
was a general increase of dolphin abundance from 
North Carolina moving south toward northern 
Florida, followed by a decrease continuing south 
toward central Florida and the Keys (Table 5). 
This again indicates the importance of the area off 
of the coast of northern Florida. 

Advances in our knowledge of the dolphin dis-
tribution along the southeast coast of the U.S. have 
allowed current stocks to be divided using more 

natural boundaries as opposed to the generically 
created, equal sized, ten blocks that were used for 
the SETS data. These variations in boundaries make 
it difficult to compare the most current estimates to 
the SETS estimates. However, two surveys were 
run in the winters of 1992 (Blaylock & Hoggard 
1994) and 1995 (Blaylock et al., 1995) using the 
same blocks and methods as those employed during 
SETS. During the winter of 1992, the estimated 
dolphin abundance of the same area and cover-
ing the same 10 blocks was 12,435 (CV = 0.18) 
dolphins (Blaylock & Hoggard, 1994); and in the 
winter of 1995, the abundance estimate was 20,005 
(CV = 0.21) (Blaylock et al., 1995). The popula-
tion in the winter of 1983 was estimated at 11,884 
(CV = 0.20) dolphins, which is less than both of the 
estimates in the winter of 1992 and 1995.

Additionally, in 2002, Garrison et al. (2003) 
conducted a survey of bottlenose dolphins from 
the southern Delaware Bay to Cape Canaveral, 
Florida. This analysis estimated that for the man-
agement units from southern North Carolina to 
central Florida there were 21,527 (CV = 0.24) 
dolphins. The summer estimates show that there 
appeared to be almost double the dolphin abun-
dance in the summer of 2002 compared to the 
combined summers of 1982-1984 (10,324; CV = 
0.14) or the individual summers of 1982 (11,808; 
CV = 0.25), 1983 (6,381; CV = 0.20), and 1984 
(14,928; CV = 0.30). 

There were several factors that varied between 
the 2002 study and those previous. The largest 
change was the adjustment for g (0). This cre-
ates a negative bias through insufficient sightings 
of animals along a trackline and can be corrected 
for through the use of observers on a double plat-
form. The 2002 survey employed this strategy 
which consists of two observation groups that 
make observations independent of one another 
to determine the proportion of animals missed 
(Buckland et al., 2001). In addition, a generalized 
additive model was used to determine any spatial 
relationship between abundance and character-
istics such as sea surface temperature or depth. 
These analyses found that depth, distance from 
shore, and temperature were the main covariates 
to explain dolphin distribution (Garrison et al., 
2003). Therefore, some of the increase in popula-
tion between the SETS and 2002 data may be due 
to insufficient sightings during SETS.

A more in-depth analysis comparing these data 
on an equivalent level is needed—for example, 
taking into account differences in study area cov-
erage and advances in data collection between 
1982 and 2002. However, a preliminary compari-
son indicates that there may have been a low mor-
tality rate caused by the 1987-1988 morbillivirus 
epizootic. This supports the findings of Eguchi 
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(2002), who found that a much smaller proportion 
(~10%) of the population was affected than the 
50% originally calculated by Scott et al. in 1988. 

Conclusions

Our data corroborate seasonal movement of coastal 
bottlenose dolphin stocks along the southeastern 
coast of the U.S. High densities of dolphins off the 
coast of northern Florida and low densities in the 
Florida Keys during the early 1980s offer baseline 
data for future use in population trends and abun-
dance estimation. 

The nearly equal estimates of dolphins between 
5 to 7 y before the epizootic and 3 y following it 
indicate that, overall, Eguchi (2002) had a more 
accurate estimate of the affected population than 
Scott et al. (1988). Even with the crude compari-
sons of abundance estimates between the SETS 
data and data collected in 1992, 1995, and 2002, it 
appears that there were no long-term effects on the 
abundance of Atlantic bottlenose dolphins from 
Cape Hatteras, North Carolina, to the Florida Keys 
as a result of the morbillivirus epizootic of 1987-
1988 from the population abundance of the early 
1980s. A more detailed analysis, with SETS data 
broken into the current stock units, would give a 
better idea of how individual populations were 
affected. These data do not include what may 
have been the effects of the epizootic north of 
Cape Hatteras, so this should be a consideration 
in future studies. Additionally, future research 
should take into account the apparent increase in 
dolphin estimates over the past 20 y. 

Literature Cited

Aero-Marine Surveys, Inc. (1984). Final report southeast 
turtle survey (SETS): Pelagic aerial surveys V through 
VII, including time of day / sea state special experiment. 
Inclusive dates of survey report: April 1983 – March 
1984 (NMFS Contract Number NA83-GA-C-00017). 
Miami, FL: National Marine Fisheries Service. 60 pp.

Blaylock, R. A., & Hoggard, W. (1994). Preliminary esti-
mates of bottlenose dolphin abundance in southern U.S. 
Atlantic and Gulf of Mexico continental shelf waters 
(NOAA Technical Memorandum NMFS-SEFSC-356). 
Washington, DC: U.S. Department of Commerce. 10 pp.

Blaylock, R. A., Hoggard, W., & Mullin, K. D. (1995). 
Abundance of bottlenose dolphins in the coastal U.S. 
Mid-Atlantic in 1995. Miami, FL: National Marine 
Fisheries Service, National Oceanic and Atmospheric 
Administration.

Buckland S. T., Anderson, D. R., Burnham, K. P., Laake, 
J. L., Borchers, D. L., & Thomas, L. (2001). Introduction 
to distance sampling: Estimating abundance of biologi-
cal populations. Oxford, UK: Oxford University Press. 

Buckland S. T., Anderson, D. R., Burnham, K. P., Laake, 
J. L., Borchers, D. L., & Thomas, L. (2004). Advanced 
distance sampling: Estimating abundance of biological 
populations. Oxford, UK: Oxford University Press.

Burnham, K. P., & Anderson, D. R. (2002). Model selection 
and multimodel inference: A practical information-theo-
retic approach (2nd ed.). New York: Springer-Verlag.

Cetacean and Turtle Assessment Program (CETAP). 
(1982). A characterization of marine mammals and 
turtles in the Mid- and North Atlantic areas of the 
U.S. Outer Continental Shelf (Final Report, Contract 
AA551-CT8-48, U.S. NTIS PB83-215855). Washington, 
DC: Bureau of Land Management. 576 pp.

Duffield, D. A., Ridgway, S. H., & Cornell, L. H. (1983). 
Hematology distinguishes coastal and offshore forms of 
dolphins (Tursiops). Canadian Journal of Zoology, 61, 
930-933. http://dx.doi.org/10.1139/z83-123

Eguchi, T. (2002). A method for calculating the effect of a 
die-off from stranding data. Marine Mammal Science, 
18, 698-709. http://dx.doi.org/10.1111/j.1748-7692.2002.
tb01067.x

Garrison, L. P., Rosel, P. E., Hohn, A., Baird, R., & Hoggard, 
W. (2003). Abundance of the coastal morphotype of bot-
tlenose dolphin, Tursiops truncatus, in U.S. continental 
shelf waters between New Jersey and Florida during 
winter and summer 2002. Miami, FL: NOAA Fisheries, 
Southeast Fisheries Science Center. 122 pp. 

Globalmapper, Version 7.0 [Software]. (2005). Parker, CO: 
Global Mapper Software, LLC. Retrieved 9 July 2012 
from www.globalmapper.com/product/download_old.htm. 

Kenney, R. D. (1990). Bottlenose dolphins off the northeast-
ern United States. In S. Leatherwood & R. R. Reeves 
(Eds.), The bottlenose dolphin (pp. 369-386). San Diego: 
Academic Press. 653 pp.

Lipscomb, T. P., Schulman, F. Y., Moffett, D.. & Kennedy, 
S. (1994). Morbilliviral disease in Atlantic bottlenose 
dolphins (Tursiops truncatus) from the 1987-1988 epi-
zootic. Journal of Wildlife Diseases, 30, 567-571.

Litz, J. A. (2007). Social structure, genetic structure, and 
persistent organohalogen pollutants in bottlenose 
dolphins (Tursiops truncatus) in Biscayne Bay, Florida 
(Ph.D. thesis). University of Miami, Coral Gables, 
Florida. 140 pp.

Mazzoil, M., McCulloch, S. D., & Defran, R. H. (2005). 
Observations on the site fidelity of bottlenose dolphins 
(Tursiops truncatus) in the Indian River Lagoon, Florida. 
Florida Scientist, 68(4), 217-226. 

Mazzoil, M., Reif, J. S., Youngbluth, M., Murdoch, M. E., 
Bechdel, S. E., Howells, E., . . . Bossart, G. D. (2008). Home 
ranges of bottlenose dolphins (Tursiops truncatus) in the 
Indian River Lagoon, Florida: Environmental correlates and 
implications for management strategies. EcoHealth, 5(3), 
278-288. http://dx.doi.org/10.1007/s10393-008-0194-9 

McLellan, W. A., Friedlaender, A. S., Mead, J. G., Potter, 
C.  W., & Pabst, D. A. (2002). Analyzing 25 years of 
bottlenose dolphin (Tursiops truncatus) strandings 
along the Atlantic coast of the USA: Do historic records 



300  Bills and Keith

support the coastal migratory stock hypothesis. Journal 
of Cetacean Research and Management, 4, 297-304.

National Marine Fisheries Service (NMFS). (2001). Stock 
structure of coastal bottlenose dolphins along the 
Atlantic coast of the U.S. (NMFS/SEFSC Report pre-
pared for the Bottlenose Dolphin Take Reduction Team). 
Available from Southeast Fisheries Science Center, 
75 Virginia Beach Drive, Miami, FL 33149, USA.

Read, A. J., Urian, K. W., Wilson, B., & Waples, D. M. (2003). 
Abundance of bottlenose dolphins in the bays, sounds, and 
estuaries of North Carolina. Marine Mammal Science, 
19(1), 59-73. http://dx.doi.org/10.1111/j.1748-7692.2003.
tb01092.x

Rosel, P. E., Hansen, L., & Hohn, A. A. (2009). Restricted 
dispersal in a continuously distributed marine species: 
Common bottlenose dolphins Tursiops truncatus in 
coastal waters of the western North Atlantic. Molecular 
Ecology, 18, 5030-5045. http://dx.doi.org/10.1111/j.1365-
294X.2009.04413.x

Scott, G. P., Burn, D. M., & Hansen, L. J. (1988, November). 
The dolphin die-off: Long-term effects and recovery of the 
population. In Proceedings of the Oceans ’88 Conference 
(pp. 819-823). Baltimore, MD: Institute of Electrical and 
Electronics Engineers (IEEE). 

Speakman, T., Zolman, E., Adams, J., Defran, R. H., Laska, 
D., Schwacke, L., . . . Fair, P. (2006). Temporal and spa-
tial aspects of bottlenose dolphin occurrence in coastal 
and estuarine waters near Charleston, South Carolina 
(NOAA Technical Memorandum NOS-NCCOS-37). 
Washington, DC: National Oceanic and Atmospheric 
Administration. 50 pp.

Thomas, L., Buckland, S. T., Rexstad, E. A., Laake, J. L., 
Strindberg, S., Hedley, S. L., . . . Burnham, K. P. (2010). 
Distance software: Design and analysis of distance sam-
pling surveys for estimating population size. Journal of 
Applied Ecology, 47, 5-14. http://dx.doi.org/10.1111/
j.1365-2664.2009.01737.x

Thompson, N. B., & Shoop, C. R. (1983). Southeast Turtle 
Survey (SETS), pelagic surveys (Final Report to the 
National Marine Fisheries Service). Groton, CT: Aero-
Marine Surveys, Inc. 76 pp.

Torres, L. G., McLellan, W. A., Meagher, E., & Pabst, D. A. 
(2005). Seasonal distribution and relative abundance of 
bottlenose dolphins, Tursiops truncatus, along the U.S. 
mid-Atlantic coast. Journal of Cetacean Research and 
Management, 7, 153-161. 

Waring, G. T., Josephson, E., Fairfield-Walsh, C. P., & 
Maze-Foley, K. (Eds.). (2009). U.S. Atlantic and Gulf 
of Mexico marine mammal stock assessments—2008 
(NOAA Technical Memorandum NMFS NE 210). 
Washington, DC: National Oceanic and Atmospheric 
Administration. 440 pp.

Waring, G. T., Josephson, E., Maze-Foley, K., & Rosel, 
P. E. (Eds.). (2011). U.S. Atlantic and Gulf of Mexico 
marine mammal stock assessments—2010 (NOAA 
Technical Memorandum NMFS NE 219). Washington, 
DC: National Oceanic and Atmospheric Administration. 
598 pp.


	AM 38.3 Bills 01
	AM 38.3 Bills 02
	AM 38.3 Bills 03
	AM 38.3 Bills 04
	AM 38.3 Bills 05
	AM 38.3 Bills 06
	AM 38.3 Bills 07
	AM 38.3 Bills 08
	AM 38.3 Bills 09
	AM 38.3 Bills 10
	AM 38.3 Bills 11



