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Measuring the impact of anthropogenic factors onmarine mammals is critical to the conservation of these species. Recently, the
effect of personal watercraft on marine mammal behaviour and well-being has become a topic of increasing concern. The
purpose of this study was to examine the immediate effects of high-speed personal watercraft on Atlantic bottlenose dolphin
(Tursiops truncatus) behaviour. Opportunistic surveys were conducted from a research vessel in the Mississippi Sound
(30º13022.6 00N 89º01036.5 00W) from September 2003 through to August 2005. The passing of a high-speed personal watercraft
significantly increased dolphin dive duration, dolphin group cohesion and dolphin breathing synchrony. Additionally, in 47%
of the encounters a dolphin group’s behaviour changed within one minute of the presence of a high-speed personal watercraft.
The most notable changes were an increase in dolphin travelling behaviour and a decrease in feeding behaviour following the
boat’s presence. The results demonstrated an immediate, short-term change in dolphin behaviour, suggesting that an increase in
the frequency of high-speed personal watercraft in this area could produce long-term detrimental effects. Research on the long-
term effects of boat traffic onmarine mammals is clearly needed to assess and hopefully mediate any potential long-term effects.

Keywords: human disturbance; Tursiops truncatus; personal watercraft; conservation.

Submitted 30 July 2007; accepted 12 January 2008; first published online 17 March 2008

I N T R O D U C T I O N

Coastal populations of marine mammals depend on habitats
frequently used for human recreational activities. For
example, Atlantic bottlenose dolphins (Tursiops truncatus,
Montagu, 1821) are frequently encountered close to shore
during summer months, most likely due to food availability
and shallow nursery areas (Würsig & Würsig, 1979; Scott
et al., 1990; Wells, 1993; Barco et al., 1999). During these
months, there is also an increase in boating accidents through-
out the United States, suggesting an increase in frequency of
recreational activities during these times (Salerno, 2006). In
2005, approximately 72% of the boating accidents reported
occurred between May and August (Salerno, 2006). The
increase in recreational boating activities corresponds with
the higher frequency of sightings of bottlenose dolphins in
coastal areas during the summer, demonstrating a need to
assess the effects of recreational boating on dolphin behaviour
and well-being.

Studies examining interactions between boats and dolphins
have shown effects ranging from changes in behaviour (Bejder
et al., 1999; Nowacek et al., 2001; Hastie et al., 2003; Lusseau,
2003; Constantine et al., 2004; Goodwin & Cotton, 2004) to
physical injury and death (Wells & Scott, 1997; Nowacek
et al., 2001). Changes in dolphin behaviour in the presence of
boat traffic have been described in some detail. Examples

include increases in group cohesion (Bejder et al., 1999;
Nowacek et al., 2001; Ribeiro et al., 2005), increases in group
synchrony (Hastie et al., 2003), changes of behavioural state
(Nowacek et al., 2001; Lusseau, 2003; Constantine et al., 2004;
Ribeiro et al., 2005), increases in dive duration (Janik &
Thompson, 1996; Nowacek et al., 2001; Lusseau, 2003) and
changes in direction of travel (Goodwin & Cotton, 2004).
Many of these examples suggest an evasive response to boat
traffic although some instances involving commercial fisheries
and shrimp boats have an opposite effect with animals feeding
off by-catch and following these types of vessels (Shane, 1990b).

Determining if short-term changes in behaviour represent
a ‘biologically significant’ effect is difficult (Wright, 2006).
Immediate or short-term changes in behaviour could rep-
resent short or long-term effects on a population. Short-
term changes in behaviour can include many of the changes
described in previous literature including increases in dive
duration, changes in direction of travel, etc. However, long-
term impacts or effects include changes such as reduced
health and viability of a population. Short-term changes in
activity budgets that reduce amount of time feeding as
seen in a study with killer whales (Orcinus orca) could rep-
resent long-term challenges by reducing energy acquisition
(Williams et al., 2006). These short-term changes could also
have a greater impact on a population depending on resource
availability.

Some studies have also shown changes in habitat use by
dolphins in relation to boat traffic (Sorensen et al., 1984
Baker & Herman, 1989; Wells, 1993; Lusseau, 2004, 2005;
Bejder et al., 2006b). Bejder et al. (2006b) reported a decrease
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in dolphin abundance in one location based on increasing
tourism. This decrease was not considered an overall threat
to this population in Shark Bay, Australia as other nearby
locations without boat-based tourism increased in abundance
throughout the same time period (Bejder et al., 2006b). The
dolphins in another study in the same geographical location
remained in the high-traffic area and showed moderate
responses to experimental approaches by boats (Bejder
et al., 2006a). Moreover, dolphins that left the high-traffic
area showed longer lasting changes in behaviour (Bejder
et al., 2006a). Understanding the impacts for animals that
relocate versus animals that remain in areas of high boat
traffic could be critical for mediating effects of boat traffic
on other marine mammal populations that are limited to
specific habitats due to available resources.

Within the state of Mississippi there are approximately
304,000 registered boats (MS Department of Wildlife,
Fisheries and Parks; Gail Marshal, personal communication).
Most (97.6%) of these boats are registered for the use of plea-
sure or recreation. Given the potential impact of boating
activity on bottlenose dolphins within the Mississippi
Sound, the primary goals of the present study were to
examine the immediate effects of high-speed personal water-
craft on Atlantic bottlenose dolphin behaviour and to
compare such effects with those reported for different
dolphin populations.

M A T E R I A L S A N D M E T H O D S

Boat surveys
Opportunistic surveys were conducted from either a 7 m
vessel with a 225 Ram injection Evinrude outboard motor
or a 10 m vessel powered by a 135 horse power outboard
mounted in the bow. Surveys were conducted in the
Mississippi Sound (30º13022.600N 89º01036.500W) near Cat
and Ship Islands (see Figure 1) from September 2003
through to August 2005. The weather permitting, surveys
were conducted four days a month, resulting in a total of
329 encounters with groups of Atlantic bottlenose dolphins
during the sampling period. All surveys began in Gulfport,
Mississippi, and included the transits to the study area that
day. After surveying the waters around an entire island for

dolphins, additional time was spent surveying the waters
around the other island. All surveys began at approximately
0830 h and continued until approximately 1400 h.

Data collection
When a group of dolphins was sighted, the research vessel
followed the animals to allow data collection. A group was
defined as any dolphins within 100 m of one another exhibit-
ing similar behaviour. Upon approach, the group’s behaviour
was coded as ‘evasive’, ‘approached vessel’ or ‘neutral’.
‘Evasive’ was coded for all groups of dolphins that travelled
away from the boat. ‘Approached vessel’ was coded for all
groups that travelled towards, oriented towards or travelled
alongside the research vessel if this travel direction was differ-
ent from the group’s original path. ‘Neutral’ was coded for any
group whose behaviour was not affected by the research vessel.
Only groups coded as ‘neutral’ were used for the analyses
reported in this paper, given that we were interested in the
effects of high speed boats more so than the effects of our
research vessel. Behavioural data were recorded using a
Sony DCR-HC65 digital video recorder. During video record-
ing, the largest possible group of animals was sampled to
provide the most accurate indices of group behaviour. For
photo-identification purposes, individual fins were photo-
graphed using a Canon EOS 10D digital camera with a
Canon EF 100-400 mm f/4.5-5.6L IS USM Telephoto Zoom
Lens. Environmental data and acoustic data were also col-
lected but were not analysed for this study.

Data analysis
Videos were scanned for the presence of boats. When boats
were present during an encounter, the type of boat was
noted. Analysis of dolphin behaviour focused on the ten
minutes preceding and the ten minutes following the period
in which a passing, high-speed, personal watercraft was
closest to the dolphins. A high-speed personal watercraft
was defined as any personal watercraft that produced a
wake and was within ~100 m of the focal group of dolphins.
All distances were estimated based on the locations of the dol-
phins and the passing watercraft, and were likely less than the
approximated 100 m. Individual animal identification from
digital still photography was used to remove groups of same
individuals to prevent pseudo-replication. Continuous record-
ing was used to compare group activity, group cohesion,
group synchrony, and dive duration before and after the pre-
sence of a high-speed personal watercraft.

Group activity was recorded based on definitions from
Shane (1990a). Behavioural states included travel, mill, feed,
social, rest, other and not visible (Table 1). Group cohesion
was calculated based on the surfacing patterns of the
animals. A surfacing cohesive group consisted of dolphins
that surfaced simultaneously within one adult body length
(approximately 4.5 m) of one another. In such cases, the
total number of individuals was recorded. Group synchrony
was defined as individuals surfacing simultaneously regardless
of the distance of the animals from one another. Dive duration
was scored based on the time in-between seeing any individual
dolphin due to the limitations of identifying individual dol-
phins on video.

Two repeated measures multiple analyses of variance were
used to examine differences in behavioural states betweenFig. 1. A satellite image of the study area in the Mississippi Sound.
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conditions. Analyses were run on groups based on behaviour
during the pre-condition. The first analysis included groups
that spent a majority (.50%) of the time travelling during
the pre-condition (travel). The second analysis included
groups that spent less than a majority (,50%) of the time
travelling during the pre-condition (non-travel). Univariate
analysis of variance was conducted on all significant results.
Additionally, a paired samples t-test was used for analysis of
all additional variables to ascertain any significant differences.

R E S U L T S

There were 329 encounters with dolphins during the study
period. Boats were present in 137 (42%) of those encounters.
120 of these encounters were removed due to: (1) the boats not
meeting the definition used for this study for high-speed
personal watercraft; (2) there were insufficient video records
of dolphin behaviour; or (3) individual dolphins were ident-
ified in multiple groups. Insufficient video records included
any encounter with less than 10 minutes of video recording
before and 10 minutes of video recording after the passing
of a high-speed personal watercraft. Since all encounters
were opportunistic, there were instances where less than 10
minutes of video was recorded prior to the passing of a high-
speed personal watercraft. The resulting sample size was
17 encounters with a high-speed personal watercraft closer
than ~100 m to the focal group of individuals.

Table 2 summarizes the results concerning dive duration,
group cohesion and breathing synchrony. The presence of a
high-speed personal watercraft significantly increased dive
duration (paired t16 ¼22.392, P , 0.05), the clustering of
individuals (paired t16 ¼23.038, P , 0.01), and breathing
synchrony (paired t16 ¼22.150, P , 0.05). In addition, the
presence of a high-speed personal watercraft changed the
group’s behaviour within the first minute of the boat’s pre-
sence in 47% of the encounters. Figures 2 and 3 present a
summary of the activity budgets for the dolphins before and
after the passing of high-speed personal watercraft. Analyses
of behavioural states revealed a significant change in overall
behaviour for the non-travel groups. However, no significant
differences were observed for the travel groups (non-travel,
F3,8 ¼ 4.522, P , 0.05; travel, F2,4 ¼ 0.981, P ¼ not significant
(n.s.)). Further analyses revealed a significant increase in tra-
velling behaviour and a significant decrease in feeding

Table 1. Behavioural definitions adapted from Shane (1990a) used to
assess behavioural states.

Behavioural
state

Definition

Travel Moving steadily in one direction
Mill Moving in varying directions in one location but showing

no surface behaviours and no apparent physical
contact between individuals, usually staying close to
the surface

Feed Any of a variety of behaviours distinguished by such
things as repeated dives in varying directions in one
location, feeding circles, feeding splashes, fish kicks,
feeding rushes, and fish tosses

Social Some or all pod members in almost constant physical
contact with one another, oriented toward one
another, and often displaying surface behaviours, with
no forward movement

Rest Moving very slowly or drifting in one direction
Other Anytime the dolphins were not in a predefined

behavioural state
Not visible Anytime the camera was paused to account for the total

duration of time on camera
Fig. 2. Activity budgets for travelling groups of Atlantic bottlenose dolphins
before and after crossing of a high-speed personal watercraft.

Fig. 3. Activity budgets for non-travelling groups of Atlantic bottlenose
dolphins before and after crossing of a high-speed personal watercraft.

Table 2. Results examining effects of high-speed personal watercraft on
group cohesion, synchrony, and dive duration.

Measure N Before After

Mean +++++SE Mean +++++SE

Group cohesion 17 1.209 0.048 1.313 0.054
Group synchrony 17 9.706 2.353 15.647 3.663
Dive duration 17 14.588 2.006 62.235 19.562

N, number; SE, standard error.
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behaviour for the non-travel groups comparing the pre- to the
post-condition (travel, F1,10 ¼ 8.949, P , 0.05; feed, F1,10 ¼
7.558, P , 0.05). There were no significant differences in
milling or social behaviours for the non-travel groups (mill,
F1,10 ¼ 0.131, P ¼ n.s.; social, F1,10 ¼ 1.000, P ¼ n.s.).

D I S C U S S I O N

The results of this study suggest that high-speed personal
watercraft have an immediate impact on Atlantic bottlenose
dolphin behaviour. The observed increase in dive duration
and travelling behaviour suggests that dolphins attempt to
avoid high-speed personal watercraft. These changes in beha-
viour are similar to behaviours reported on dolphin predator
avoidance observed in the presence of some shark species
(Tayler & Saayman, 1972; Conner & Heithaus, 1996). In
addition, the passing of a high-speed personal watercraft
also resulted in an increase in both group cohesion and
group synchrony. These changes might reflect a behavioural
response to a possible threat, perhaps by reducing an individ-
ual’s risk of injury by reducing both the distance between
group members and the disparity of individual behaviours.
All of these results, combined with a decrease in feeding beha-
viour for non-travelling groups, demonstrate an immediate
short-term change in dolphin behaviour. Repeated or multiple
short-term changes taken together may produce significant
long-term effects for the dolphin population located within
the Mississippi Sound.

For example, it is possible that repeated exposure to high-
speed personal watercraft could significantly decrease the
overall time spent foraging and socializing. This could affect
the health of individual dolphins and the viability of the
dolphin population in the Mississippi Sound. Although
effects from repeated predator avoidance are difficult to
demonstrate in mammals and birds, repeated predatory
avoidance by fish and invertebrates has resulted in reduced
reproductive output (e.g. Skelly & Werner, 1990). It seems
reasonable to assume that slowed growth rates as a result of
a decrease in foraging could also impact mammal and bird
species (Lima, 1998). A decrease in an individual’s body con-
dition as a result of reduced foraging efforts could result in
lower fecundity for females and decreased competitive
ability for males (Hik, 1995; Sinclair & Arcese, 1995; Lima,
1998). If this held true for dolphins, then a decrease in fora-
ging and socializing behaviours as a result of repeated avoid-
ance of high-speed personal watercraft could have an impact
that might be considered ‘biologically significant’ on the
dolphin population within the Mississippi Sound.

It is difficult to determine what is ‘biologically significant’ in
terms of impacts of anthropogenic factors onmarinemammals
(Wright, 2006). For example, the results of the current study
demonstrate short-term effects, but it is not clear whether
these effects will result in long-term challenges such as
reduced health and viability of the population. Clearly, there
is still much that needs to be done in order to increase our
understanding of the wide range of possible effects of personal
watercraft on dolphin behaviour as well as the significance of
such effects. Further research should examine differences
between slow and high-speed watercraft, as well as ascertain
the effects of varying distances on the impact of watercraft
on dolphin behaviour. Longitudinal studies are needed to
examine the relationship between individual growth rates,

rates of reproduction and frequency of watercraft. Continued
systematic evaluation will provide needed information on
any detrimental effects of personal watercraft on marine
mammals, including dolphins’ use of particular habitats.
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