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Abstract

Vessel-based anthropogenic impacts on bottlenose 
dolphins (Tursiops truncatus) in the Indian River 
Lagoon (IRL), Florida, were investigated by quan-
tifying visible physical injuries to dorsal fins from 
photo-identification data collected from 1996 to 
2006. Forty-three dolphins, 6.0% of the distinctly 
marked population, had injuries related to vessel 
impact. Impact was determined from previously 
published vessel-related wound definitions and 
the elimination of other possible wound sources. 
Spatial distribution was determined by dividing 
the IRL into six segments based on hydrodynamics 
and geographic features. Dolphins were assigned 
to a segment(s) and corresponding county accord-
ing to ranging patterns. Segment 4, consisting of 
St. Lucie and Martin Counties, had the highest 
prevalence (9.9/100 distinct dolphins) of boat-
injured dolphins and had the highest number 
of registered boaters per km2 of habitat. These 
preliminary data suggest that vessel impacts on 
dolphins occur disproportionally in the IRL and 
should be considered a high-priority management 
issue for local governments. Behavioral data col-
lected during photo-identification surveys support 
the possibility of a low tolerance and sensitiza-
tion to vessel interactions. Recommendations to 
reduce direct and indirect impacts from vessels on 
dolphins are discussed.
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Introduction

Bottlenose dolphins (Tursiops truncatus) are 
known to be impacted physically and behaviorally 
by motorized vessels in their habitat. In 1996, the 
U.S. Environmental Protection Agency created a 
Comprehensive Conservation and Management 

Plan (CCMP) to protect the living resources of the 
Indian River Lagoon (IRL), Florida, from anthro-
pogenic activities negatively affecting the estuary. 
Action Items were created to (1) measure boating 
impacts on wildlife such as manatees (Trichechus 
manatus latirostris), sea turtles (Caretta caretta, 
Chelonia mydas myda), and dolphins; (2) establish 
resource protection zones; and (3) raise environ-
mental awareness through education of boat and 
personal watercraft operators. In 2004, Florida 
became the nation’s leader in the number of reg-
istered boats (U.S. Coast Guard [USCG], 2002-
2005), in addition to being the foremost in boating 
fatalities (Florida Fish and Wildlife Conservation 
Commission [FWC], 2008a). Despite increasing 
awareness of human injuries and deaths attribut-
able to boating and the establishment of manatee 
resource protection zones, current levels of boat 
traffic within the IRL continue to directly and indi-
rectly cause marine animal disturbance, injuries, 
and mortality.

Vessel collisions have been confirmed for 
over 18 species of small cetaceans worldwide 
(Van Waerebeek et al., 2007). Direct impacts are 
instantaneous involving body to boat contact with 
propellers, skegs, and hulls (Wright et al., 1995; 
Wells & Scott, 1997). Injuries range from minor 
physical disfigurations to extensive trauma and 
death. Collision interactions are identified by 
prominent external parallel lacerations or blunt 
force impact. Blunt force impact is manifested by 
external characteristics such as massive bruising 
and deformities, which might not be immediately 
obvious on physical examination (Laist et al., 
2001), and by internal characteristics such as hem-
orrhages; pneumothorax; ruptured diaphragm; and 
fractures of the skull, vertebrae, and other bones as 
documented in necropsies (Lightsey et al., 2006). 
Direct effects can also include secondary infection 
from the wound source and decreased immune 
response due to energy allocation to address the 
injury (Duffus & Dearden, 1993; Robbins, 1993). 
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Indirect effects include short-term behavioral 
responses, which might have long-term detri-
mental implications. Many studies have shown 
an increase in cetacean avoidance reactions to 
approaching vessels. Initial reactions revealed 
extended interbreath intervals and altered surfac-
ing patterns away from oncoming vessels (Janik, 
1996; Nowacek et al., 2001; Lusseau & Higham, 
2004; Sini et al., 2005). Both horizontal and ver-
tical changes in course direction and orientation 
have been documented for porpoises (Phocoena 
phocoena), killer whales (Orcinus orca), and dol-
phins (Polacheck & Thorpe, 1990; Kruse, 1991; 
Mattson et al., 2005). Increased erratic behav-
ior in dolphins has been observed due to limited 
water depth or encroaching vessel distance (Au 
& Perryman, 1982; Bejder et al., 2006a; Lusseau, 
2006). Anti-predatory responses, such as increased 
group cohesion and synchronous behavior, also 
increase directly with boat traffic (Bejder et al., 
1999; Hastie et al., 2003). Separate avoidance 
strategies for males vs females illustrate nega-
tive vessel impacts on energetics and reproduc-
tion that might lead to decreased population size 
(Moberg, 2000; Lusseau, 2003a). Noise pollution 
studies have shown that vessels mask cetacean 
auditory ability, cause an increase in vocalizations 
after single events, and may cause permanent 
hearing loss after several extended submissions 
(Richardson et al., 1995; Van Parijs & Corkeron, 
2001; Erbe, 2002). Vessel interactions interrupt 
dolphin behaviors such as foraging, resting, and 
socializing (Lusseau, 2003b; Constantine et al., 
2004; Stockin et al., 2008). Further research has 
suggested that continual behavioral interfer-
ences can create long-term problems, including 
habituation that increases strike vulnerability 
(Spradlin et al., 1998; Stone & Yoshinaga, 2000), 
sensitization (Allaby, 1999; Bejder & Samuels, 
2003), shifts in ranging patterns and habitat utili-
zation (Wells, 1993; Allen & Read, 2000; Lusseau, 
2005; Bejder et al., 2006b), decreased reproduc-
tive success (Whelan, 1993; Bejder & Samuels, 
2003), and habitat desertion (Crouse et al., 1987; 
Kaiya & Xingduan, 1991). 

This paper summarizes direct and indirect 
vessel events affecting IRL dolphins and sug-
gests management options that could prevent fur-
ther negative impact on the population within the 
region. Our objectives were to (1) identify boat-
injured dolphins within the IRL from a photo-
identification database, (2) determine the spatial 
distribution of boat-hit dolphins by segment and 
county, (3) determine whether dolphin injury rates 
are correlated with boater registration statistics, 
and (4) determine whether the behavioral patterns 
of IRL dolphins are disturbed by the presence of 
boats. 

Materials and Methods

Study Area
The IRL spans 256 km (1⁄3 of the east coast of 
Florida) and is connected to the Atlantic Ocean 
by five inlets and one lock (Figure 1). The IRL 
includes the Mosquito Lagoon, Banana River, 
Indian River, and the St. Lucie River Estuary. The 
average depth is 1.5 m, and its width ranges from 
0.93 to 9.3 km. The study area is surrounded by 
five counties from north to south: Volusia, Brevard, 
Indian River, St. Lucie, and Martin.

Data Collection
Data were acquired from photo-identification stud-
ies within the IRL (Mazzoil et al., 2005, 2008a). 
Every dolphin encountered was photographed 
during vessel-based surveys from September 
1996 to October 2006. A 4-y subset of data from 
January 2002 to December 2005 was used for 
temporal and spatial analysis to match available 
county boater registration statistics. Data, includ-
ing environmental conditions, dolphin behavior, 
and GPS coordinates, were recorded in addition 
to image collection. Images were obtained using 
Canon digital camera systems (i.e., EOS 1D, IDS, 
and IDS Mark II, 100 to 400 mm lens). Analysis 
of photographic data was performed using proto-
cols described by Mazzoil et al. (2004).

Definition of Boat Hit
Boat-injured dolphins were categorized using a 
combination of wound definitions described for 
manatees (Beck et al., 1982) and Cetacea (Wells 
& Scott, 1997; Visser, 1999; Laist et al., 2001; 
Van Waerebeek et al., 2007). Vessel impact results 
in clean-edged, evenly spaced, parallel cuts from 
propellers and skegs or in blunt force trauma from 
hulls, keels, and rudders which usually lack ini-
tial visual confirmation of a collision. Individuals 
were excluded if parallel cuts were visually narrow 
in width or shallow in depth supporting possible 
conspecific interaction from teeth (rake marks) as 
the wound source (Scott et al., 2005). Candidates 
were also eliminated from analysis if other pos-
sible wound sources could be a factor (e.g., sharks, 
fisheries interactions, conspecifics, or marine 
debris). Propeller impacts generally injure the 
dorsal fin as it is the closest part of the body to the 
surface of the water (Morgan & Patton, 1990). Due 
to the large study area, photo-identification efforts 
did not allow for repeated daily or weekly encoun-
ters with individuals; thus, the majority of the data 
collected were based on photographic evidence 
of healed wounds (Bruce-Allen & Geraci, 1985). 
Healed wound injuries had three manifestations: 
(1) separation of dorsal fin from the body resulting 
in a straight wound without curvature, dentition, or 
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Figure 1. Indian River Lagoon study area divided into five counties overlaid with the six IRL CCMP segments
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parallel angle to body axis; (2) partial separation of 
dorsal fin, creating a deformity which causes the 
fin to flop or curl to the side; and (3) intact fin with 
canting to one side, as if broken, with accompany-
ing straight line scar on the opposite side of the 
fin. 

Analysis by IRL Segment
The IRL ecosystem was divided into six segments 
based on hydrodynamics and geographic features 
for purposes of characterization and management 
(U.S. EPA, 1996; Figure 1). All distinctly marked 
dolphins were assigned a proportion of time spent 
in each segment based on the GPS coordinates 
of each sighting. All boat-injured dolphins were 
considered distinct. Vessel-associated injury rates 
per segment were determined by dividing total 
number of boat-injured dolphins by number of 
distinct dolphins sighted per segment.

Analysis by County
All distinctly marked dolphins were assigned to 
one of the five counties encompassing the IRL 
based on the GPS coordinates of each sighting 
(Figure 1). Segments 1A and 1C did not match 
county lines geographically, and home ranges 
were adjusted for county analysis to reflect these 
boundaries accordingly. In addition, the numbers 
of distinct dolphins sighted (including all boat-
injured dolphins) in St. Lucie and Martin Counties 
were combined for comparison to USCG reported 
boater registration statistics. County analysis was 
also based upon 4-y of data within the 10-y study 
period (2002 to 2005) to complement boater reg-
istration statistics. Vessel-injured rates per county 
were determined by dividing the total number of 
boat-injured dolphins by the number of distinct 
dolphins sighted per county.

Potential habitat encroachment per individual 
was determined by combining county vessel data 
with environmental factors. Total surface area 
in km2 for the study area was obtained from an 
earlier report (Woodward and Clyde Consultants, 
1994). Boats per km2 were determined by divid-
ing the number of registered boats (USCG, 2002-
2005) by the total surface area of each county in 
km2. The number of distinct dolphins per km2 was 
calculated by dividing the total distinct dolphins 
by the surface area. Habitat encroachment per dis-
tinct dolphin was derived by dividing the number 
of registered boats per km2 by distinct dolphins 
per km2 for each county.

Analysis of Behaviors
Dolphin activity and number of vessels within 
100 m were recorded once per sighting. Dolphin 
behavior was determined prior to approach from 
> 100 m from the selected study group to decrease 

possible behavioral changes due to vessel influ-
ence. Summed activity was defined as the total 
number of times each boat-injured dolphin was 
observed in one of six general behavioral activi-
ties per sighting. Behavioral activities included 
traveling, feeding (e.g., swirling of water, fish 
jumping, or observed capture of fish), social inter-
actions between conspecifics, milling, boat avoid-
ance (i.e., avoidance of the research vessel), and 
rest (Urian & Wells, 1996). Changes in behav-
ioral frequency due to increased boat abundance 
were determined by expressing the duration of 
each behavior on a total time percentage scale. 
Additionally, the number of boats in the area was 
categorized into three groups (0, 1 to 5, and > 5) 
for statistical analysis. Activity changes vs boat 
abundance was determined by tallying activi-
ties in the presence of “x” number of boats and 
then comparing to the referent (0 boats) using 
EpiInfo, Version 6 (Centers for Disease Control 
and Prevention, Atlanta, GA, USA).

Statistical Analysis
The proportion of dolphins observed with evi-
dence of a boat interaction was compared overall 
between segments by chi-square (χ2) analysis with 
p < 0.05 considered a significant result. The rela-
tive risk of boat hit by segment was estimated with 
the odds ratio and its 95% CI. The analysis was 
conducted using the segment with the lowest rate 
of boat strikes as the referent (1C, North Indian 
River). The analysis was repeated by county to 
make use of registered boat data, using the county 
with the lowest rate of boat interaction (Brevard) 
as the referent. Chi-Square tests and odds ratios 
with 95% CI were also calculated to compare 
behavioral patterns in the vicinity of boats with 
zero boats within 100 m as the referent. All analy-
ses were done using EpiInfo, Version 6.

Results

Photo-identification surveys encompassed a total 
of 9,495 hours of survey effort with 3,224 dol-
phins (including repeated encounters) observed 
during 13,044 sightings. Forty-five percent of 
those sightings (n = 5,859) involved an interaction 
with a vessel within 100 m. Over 368,000 digital 
images were sorted, analyzed, and archived, and 
714 individual dolphins with distinctly marked 
dorsal fins were used in the analyses. 

Prevalence of Vessel-Related Injuries
During the 10-y study period, 43 dolphins (6.0% 
of the distinctly marked population) had injuries 
related to vessel impact. Approximately 54% 
of these boat-injured dolphins (23 of 43) were 
female, four were male (9.3%), and 16 were 
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of unknown sex (37.2%). Sex was determined 
through physical examination during live cap-
ture studies (Bossart et al., 2006) or by repeated 
close association with a calf (Howells et al., 
2009). Three dolphins (7.0%) received wounds 
during the years they were categorized as a calf as 
described by Bearzi et al. (1997). Age, behavior, 
and geographic location of dolphins with acute, 
initial injury could not be analyzed due to small 
sample size of freshly wounded individuals (n = 
2). Four boat-injured dolphins (9.3%) were identi-
fied as presumed cases of lobomycosis (one was 
histologically confirmed), a chronic fungal dis-
ease of the skin possibly associated with sites of 
previous trauma such as boat strikes or shark bites 
(Murdoch et al., 2008).

Spatial Distribution of Vessel-Related Injuries
The highest rate of boat-hit dolphins (9.9/100) was 
found in Segment 4, Indian River South (including 

two deaths as described below), and the lowest 
rate (3.4/100) was in Segment 1C, Indian River 
North (Table 1). The rate of boat-hit dolphins in 
Segment 4 was approximately three times higher 
than that in Segment 1C (the referent segment) 
(p = 0.07). The frequency of boat hits across all 
segments was not significantly different. The seg-
ments with the three highest rates (Segments 1A, 
2, and 4) include inlets to the ocean. 

Vessel injury rates per county (Table 2) were 
comparable to segment rates as described above. 
Dolphins residing in St. Lucie and Martin Counties 
were approximately twice as likely to experience 
vessel activity within their habitat compared to 
Brevard County, but the difference was not statis-
tically significant. The highest rate of boat hits per 
county (9.9/100) as well as the greatest number 
of boats per km2 of habitat (237 boats/km2) were 
found in St. Lucie and Martin Counties, corre-
sponding to Segment 4 (Table 3).

Table 1. Spatial distribution of vessel-associated injuries in bottlenose dolphin by segment, Indian River Lagoon, Florida 
(2002 to 2005) *rounded values

Segment
No. of distinct  

dolphins sighted*

No. of dolphins with  
boat injuries* Rate/100 p value

1A 173 12 6.8 0.14
1B 69 4 6.0 0.38
1C 157 5 3.4 Ref
2 92 7 7.2 0.14
3 74 5 6.2 0.24
4 76 8 9.9 0.07

Table 2. Spatial distribution of vessel-associated injuries in bottlenose dolphins by county, Indian River Lagoon, Florida 
(2002 to 2005) *rounded values

Segment County
No. of distinct  

dolphins sighted*

Prevalence of boat 
hit dolphins per 

county* Rate/100 p value

1A Volusia 129 8 6.4 0.79
1C, 1B, 2 Brevard 362 20 5.4 Ref
3 Indian River 74 5 6.2 0.70
4 St. Lucie, Martin 76 8 9.9 0.26

Table 3. Registered boats and habitat encroachment per dolphin within counties bordering the Indian River Lagoon, Florida 
(2002 to 2005)

Boats/distinct 
No. of distinct Km2 surface No. registered Distinct  dolphin per km2 

County dolphins area boaters Boats/km2 dolphins/km2 habitat

Volusia 129 159 14,720 93 1.23 75
Brevard 362 572 38,446 67 1.58 43
Indian River 74 71 10,762 152 1.03 147
St. Lucie, Martin 76 125 29,597 237 1.66 143
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Mortality
Two dolphins with photographic evidence of ves-
sel-associated injury died as a consequence of that 
initial contact. A 2-mo-old calf died as a result of 
a propeller slice through the skull, and a breeding 
female died from a pneumothorax as a result of 
boat impact.

Analysis of Dolphin Behavior in the Presence and 
Absence of Vessels 
Travel was the most frequently observed activity, 
and resting was the least expressed activity during 
encounters with 0 to 10 vessels other than the 
investigator’s (Figure 2). Anomalous behavior 
was observed when dolphins encountered > 10 
vessels. Behavioral activity significantly shifted 
with increasing vessel abundance for all behaviors 
except rest (Table 4). During encounters with one 
to five vessels, “travel” and “mill” behaviors sig-
nificantly increased (1.35 and 1.60, respectively), 

while “feeding” and “boat avoidance” behaviors 
significantly decreased (0.82 and 0.59, respec-
tively). “Socialization” significantly increased 
(1.61) with > 6 vessels present. 

Discussion

The prevalence of scarred living individuals in 
the IRL (43 of 714, or 6%) is higher than the 
rates found for dolphins in similar habitats in 
Sarasota, Florida (3% of the resident community) 
(Wells, 1993; Wells & Scott, 1997), and Indo-
Pacific hump-backed dolphins (Sousa chinensis) 
in Hong Kong (3% of catalogued individuals) 
(Jefferson, 2000; Parsons & Jefferson, 2000). 
Vessel injury rates for IRL dolphins could be 
lower than reported here since these rates were 
based only on the distinctly marked portion of the 
population. However, a dependent calf of a mor-
tally wounded mother died within 3 wks of being 

Figure 2. Bottlenose dolphin activity patterns and number of boats within 100 m in the Indian River Lagoon, Florida (1996 
to 2006)

Table 4. Relative risk (95% CI) for behavior frequencies between categories of boats within 100 m; REF = referent category—
investigator’s boat only.

Boat avoidance Travel Feeding Social Rest Mill

0 boats REF REF REF REF REF REF
1-5 boats 0.59 (0.48-0.73)* 1.35 (1.26-1.45)* 0.82 (0.69-0.97)* 0.97 (0.83-1.14) 1.37 (0.66-2.86) 1.60 (1.15-2.26)*
> 5 boats 1.09 (0.68-1.77) 0.96 (0.78-1.21) 1.32 (0.80-2.16) 1.61 (1.15-2.26)* 0.48 (0.15-1.56) 0.72 (0.47-1.11)

* Statistically significant at α < 0.05
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orphaned (Mazzoil et al., 2008b), suggesting that 
secondary deaths as a result of vessel strikes could 
be underrepresented. Evidence of human interac-
tion was identified in 10% of carcasses recovered 
in the IRL from 1977 to 2005, but the interactions 
were not separated by type (Stolen et al., 2007).

Within the study area, 24% of manatee deaths 
were due to watercraft-related impact (Rommel 
et al., 2007). Although this species differs in many 
ways, they share the same habitat and similar 
human threats as inland dolphins. Our data rep-
resent survivors of boating interactions (exclud-
ing two known deaths), suggesting that dolphins 
might be more physically adept at avoidance, are 
sensitized (an increase in behavioral responsive-
ness over time when animals learn that repeated 
or ongoing stimulus has significant consequences; 
Richardson et al., 1995) to vessel interactions, 
occupy non-trafficked areas, or a combination of 
these factors. 

The IRL population is separated into three 
separate communities that have distinct geo-
graphic boundaries and site fidelity (Mazzoil 
et al., 2008a). Although our research did not find 
a significant difference in the rate of boat-injured 
dolphins between the IRL segments, the highest 
rate occurred in Segment 4 (Martin and St. Lucie 
Counties). This segment also had the highest 
number of registered boaters, the smallest area of 
watershed habitat per km2, and two deaths from 
boat collisions. Currently, each dolphin residing 
in Segment 4 shares the same physical space with 
143 vessels. This estimate does not include unreg-
istered vessels or vessels registered in different 
counties and states. Projected vessel registration 
for Martin County is forecasted to increase 20% 
by 2020 (FWC, 2008b). 

In addition, the three highest segment and 
county rates of vessel strikes all included deep-
water inlets to the Atlantic Ocean (Ponce, 
Sebastian, Fort Pierce, and St. Lucie River inlets). 
These inlets are the routes for recreational boat-
ers to access the popular offshore waters from the 
IRL (FWC, 2008b). Similar studies have found 
that dolphins may cluster at deep-water areas to 
avoid heavy boat traffic occupying their preferred 
shallow-water habitat (Wells & Scott, 1997; 
Lusseau, 2005). Fort Pierce inlet (Segment 4) is 
the only inlet to require slow speeds while enter-
ing lagoon waters from offshore. The St. Lucie 
inlet (also in Segment 4), which connects the 
Indian and St. Lucie Rivers at a high-speed junc-
tion, is considered one of the region’s most active 
inlets (FWC, 2008b). Failure to identify statisti-
cally significant differences in the prevalence of 
vessel-associated injuries by county suggests that 
the shallow nature of the lagoon may be the pri-
mary factor in determining strike risk. Segment 

and county rates for vessel strikes in the southern 
portion of the IRL are not markedly higher despite 
a higher level of human activity, suggesting that 
dolphins may have a low degree of tolerance (i.e., 
a measurable behavioral response in a single point 
of time: “the intensity of disturbance that an indi-
vidual tolerates without responding in a defined 
way” [Nisbet, 2000, p. 315]) to boating activi-
ties, which might lead to long-term sensitization. 
Preliminary behavioral data discussed below also 
support the possible theory of sensitization.

In the IRL, changes in the frequency of trav-
eling increased and feeding decreased during 
sightings with < 5 vessels within 100 m of the 
group. Similarly, bottlenose dolphins within 
the Mississippi Sound increased traveling and 
decreased feeding behaviors after exposure 
to vessels within 100 m (Miller et al., 2008). 
Irrawaddy dolphins (Orcaella brevirostris) imme-
diately changed from traveling or socializing 
behaviors when boats were < 100 m, whereas 
animals exhibiting feeding behaviors were more 
prone to continue feeding (Van Waerebeek et al., 
2007). The insignificant increase in “boat avoid” 
behavior between 1 to 5 vessels vs > 5 vessels, 
suggests that tolerance levels may be at an apex 
level with only a few boats. It is possible that the 
energetic demands of traveling and feeding are 
compounded with the stress of avoiding boat col-
lisions, leaving the animal without ample time to 
replenish biological reserves (Lusseau & Bejder, 
2007). Comparable studies found the lack of rest-
ing behavior a significant concern to dolphin ener-
getic budgets (Lusseau, 2003b; Constantine et al., 
2004; Lusseau & Higham, 2004; Stockin et al., 
2008). Resting behavior was the least expressed 
activity (< 1%) during the 10-y study period. Lack 
of rest, continual vessel avoidance, and the pro-
jected increase in human impacts may ultimately 
result in chronic stress for this population. 

Activity budgets and energy expenditures are 
also important in examining the sustainability of 
a distressed population. Vessel avoidance expends 
energy that could be allocated for feeding, mating, 
maternal care, or resting, ultimately effecting spe-
cies survival (Bejder & Samuels, 2003; Hastie 
et al., 2003). As stress diverts attention from 
these critical behaviors, the animal progresses 
to distress, compromising the immune system 
(Moberg, 2000). Home ranges for three of the four 
boat-injured dolphins with presumed lobomycosis 
(Lacazia loboi), which is associated with immune 
system compromise (Bossart, 1984; Reif et al., 
2008), were in the southern community (Segments 
3 and 4) (Mazzoil et al., 2008a; Murdoch et al., 
2008). Conceivably, the level of distress from 
continual vessel avoidance constitutes a chronic 
stress for members of the southern community, 
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which might be adequate to increase susceptibility 
to diseases such as lobomycosis (Murdoch et al., 
2008). Recent evidence shows that dolphins with 
lobomycosis have depressed adaptive immunity, 
which could increase susceptibility to infectious 
agents (Reif et al., 2008).

More than 50% of IRL boat-hit dolphins were 
female, raising concerns regarding fecundity. 
Research has indicated that loss of fitness from 
enduring an unsuitable environment can result in 
low reproductive success in dolphins (Lusseau & 
Bejder, 2007). Differences in behavioral responses 
have been observed between male and female 
killer whales experiencing the same stressor 
(Williams et al., 2002). Lusseau (2003a) suggested 
that female dolphins may have an increased risk 
for vessel interactions due to their lower energy 
stores. This increase in risk could lead to having 
a higher rate of boat collisions for females, poten-
tially jeopardizing offspring. First-time mothers 
might also be at greater risk as experienced moth-
ers have longer inter-breath intervals associated 
with avoiding vessels (Nowacek et al., 2001). In 
the IRL, of the 15 boat-injured known reproduc-
tive females, eight (> 50%) have lost one or more 
calves before the age of 1 y. Further, one vessel-
related mortality was a first-time mother, while 
the second direct mortality was a calf < 2 mo of 
age.

Possible improvements to legislative and man-
agement practices include mandatory boater edu-
cation and the creation and enforcement of slow 
speed zones in high disturbance areas within 
dolphin habitats. The creation, enforcement, and 
compliance of slow speed zones within critical 
manatee habitats have reduced the number of 
deaths of Florida manatees dramatically (Laist & 
Shaw, 2006; Calleson & Frohlich, 2007). A simi-
lar decline in injuries would be expected for dol-
phins if critical habitats are defined and protected. 
However, despite increased efforts to educate 
boaters, boating fatalities and accidents continue 
to rise in Florida, suggesting that voluntary educa-
tion may be insufficient to address safety issues.

The long-term survival of IRL dolphins should 
be a priority for Florida residents and local, state, 
and federal agencies charged with protecting this 
valuable resource. Slight changes within the envi-
ronment can be detected by monitoring the health 
and population dynamics of these sentinel animals 
(Reddy et al., 2001; Wells et al., 2004; Bossart, 
2006). Our study supports and adds to previous 
studies that show that human encroachment might 
negatively affect the delicate balance of aquatic 
and terrestrial life in the estuarine ecosystem. This 
study highlights the need for continued research 
and alerts the regional community to take action 
to preserve our shared resource. 
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