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Abstract

Kealakekua Bay is an important resting site for 
Hawaiian spinner dolphins (Stenella longirostris) 
and is popular with both local residents and tour-
ists. Human activities occurring here include swim-
ming, snorkeling, kayaking, and motor-boating. The 
objectives of this study were to document move-
ment patterns of dolphin groups in Kealakekua Bay, 
to determine if different types and levels of human 
activity within the bay result in quantifiable changes 
in dolphin group movement patterns, and to provide 
baseline data for future studies. Theodolite tracking 
was used to assess responses of dolphin groups to 
human traffic. Variables examined included group 
mean leg speed (leg speed: the distance between 
two consecutive theodolite fixes of a dolphin group 
divided by time; mean leg speed: the average of all 
leg speeds comprising a track) and group reorien-
tation rate. Swimmers and/or vessels were present 
within 100 m of all dolphin groups tracked during 
all surveys. Regression analyses were used to exam-
ine potential relationships between dolphin group 
related variables (e.g., reorientation rate, mean 
leg speed) and variables related to human activi-
ties (e.g., swimming, kayaking, motor-boating). 
Increasing levels of human activity had a limited 
but measurable effect on the movement patterns of 
Hawaiian spinner dolphin groups at this site. 
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Introduction

Interest in dolphin watching and swimming with 
wild dolphins has increased worldwide over the 
past several decades (Hoyt, 2001). There is every 
indication that this trend will continue into the near 

future. The effects of ecotourism activities on the 
behavior of wild cetaceans are becoming increas-
ingly well-documented (Samuels et al., 2000; 
Bejder et al., 2006). The National Marine Fisheries 
Service (NMFS) (2007) has received an increasing 
number of complaints stating that Hawaiian spin-
ner dolphins (Stenella longirostris) are commonly 
disturbed by swimmers and vessels. The 1994 reau-
thorization of the Marine Mammal Protection Act 
of 1972 (MMPA) made the harassment of marine 
mammals in United States waters illegal. Level B 
harassment was defined as “having the potential to 
disturb a marine mammal stock in the wild by caus-
ing disruption of behavioral patterns, including, but 
not limited to, migration, breathing, nursing, breed-
ing, feeding, or sheltering.” Although the passage 
of this law effectively made it illegal to swim with 
dolphins, it has not resulted in a decrease in the 
number of dolphin-human interactions that occur. 
Many studies have focused on the behavioral effects 
of dolphin-human interactions. These studies have 
shown behavioral effects such as (1) changes in 
vocalizations (Scarpaci et al., 2000; Van Parijs & 
Corkeron, 2001; Buckstaff, 2004) and (2) avoid-
ance of swimmers and/or vessels (Au & Perryman, 
1982; Bejder et al., 1999; Constantine, 2001; 
Neumann & Orams, 2006). Additional reported 
responses to human activity include changes in  
(1) animal distribution (Lammers, 2004), (2) swim-
ming speed (Williams et al., 2002; Ribeiro et al., 2005),  
(3) movement patterns (Acevedo, 1991; Constantine 
et al., 2004; Stensland & Berggren, 2007), and  
(4) surface behaviors (Janik & Thompson, 1996; 
Forest, 2001; Hastie et al., 2003). Long-term 
changes in dolphin responses to tourism activities 
have also been detected at a limited number of sites 
(Constantine, 2001; Lusseau, 2005; Bejder et al., 
2006).

Kealakekua Bay, located along the west coast of 
the Big Island of Hawaii, has long been considered 
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a prime resting area for Hawaiian spinner dolphins 
(Norris et al., 1994). Spinner dolphins were first 
studied here during the early 1970s (Norris & 
Dohl, 1980) and have been found to display a pre-
dictable daily pattern of behavior (Norris & Dohl, 
1980; Würsig et al., 1994; Forest, 2001). Over the 
past few decades, several researchers have docu-
mented changing behavioral patterns of these dol-
phins and have suggested that these changes may 
be caused by an increase in human presence at this 
site over time (Baúza-Durán, 1999; Forest, 2001; 
Courbis, 2004). These include changes in areas of 
the bay frequented by dolphin groups and changes 
in aerial behaviors. This project was designed to 
assess movement patterns of dolphin groups in 
Kealakekua Bay in response to different types and 
levels of human activity. The NMFS is currently 
assessing if additional conservation measures and 
regulations are required to protect spinner dol-
phins in Hawaii (Department of Commerce, 2005, 
2006). Results from this study could directly 
inform future decisions related to the protection 
of spinner dolphins in Hawaiian waters. 

Materials and Methods

Study Area
Kealakekua Bay is on the leeward side of the Big 
Island of Hawaii (Figure 1). It is bounded by a sheer 
cliff at the back of the bay and flat peninsulas to the 
northwest and southeast. The bay is approximately 
1.5 km across from Cook Point to Manini Point and 
spans slightly less than 1 km from shore to open 
ocean. In 1969, Kealakekua Bay was declared a 
Marine Life Conservation District (MLCD) and 
underwater state park by the State of Hawaii. The 
MLCD is divided into Subzone A, extending from 
shore seaward to a line drawn from Cook Point 
to the northwestern end of Napoopoo Beach, and 
Subzone B, extending from this first line seaward 
to a line connecting the tips of Cook and Manini 
Points. Fishing and taking or injuring any type of 
marine life or shells is prohibited in Subzone A. 
Hook and line and throw net fishing for finfish is 
permitted in Subzone B. The anchoring of boats is 
prohibited in Subzone A. Swimming, snorkeling, 
and kayaking are popular recreational activities 
within Kealakekua Bay and are currently allowed 
in both subzones. Several commercial companies 

Figure 1. Kealakekua Bay, Hawaii (black dot indicates site of shore station)
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offer boat tours to the bay on a daily basis, and 
kayak rentals are readily available.

Data Collection
Data were collected from March 2000 to October 
2001 and February to May 2002. Shore-based 
observations were performed from a cliffside 
observation platform 69 m above sea level, which 
provided an unobstructed view of the entire bay. 
Theodolite tracking methods described by Würsig 
et al. (1991) were employed. Positions of dolphin 
groups, swimmers, kayakers, and motor vessels 
were determined using a Lietz/Sokkisha Model 
DT5A theodolite with + 5 s precision and 30× 
magnification. The theodolite communicated with 
a Macintosh Powerbook 180 laptop computer 
in real time. Data were collected and recorded 
through the use of Aardvark Editor, Version 1.21 
(Cornell University, Ithaca, NY, USA) data collec-
tion software. Observation periods were between 
81 and 247 min in duration and were dependent 
upon appropriate weather conditions, adequate 
staffing, and instrument function. All surveys were 
made between 0733 and 1434 h. Most took place 
between 0900 and 1300 h.

Dolphins—At least two observers scanned the 
study site continuously with binoculars until a 
group or groups of dolphins were located. A focal 
group was then chosen to track. A group was 
defined as a clustering of more than one dolphin 
adjacent to another within 100 m. During most sur-
veys, only one group was visible within the bay. If 
more than one group was present, the largest group 
was tracked. During the course of this study, sev-
eral unsuccessful attempts were made to track two 
dolphin groups concurrently. Approximate group 
size was determined at the beginning of the obser-
vation period and reassessed regularly through-
out the day. Dolphin groups were fixed at their 
center approximately every 90 s. A theodolite fix 
is defined here as the horizontal and vertical angle 
coordinates of the object being tracked and the 
time this information was obtained. The focal dol-
phin group and adjacent vessels were fixed alter-
nately and as frequently as possible throughout 
the observation period.

Swimmers/Vessels—Theodolite tracking codes 
were as follows: swimmer or discrete group of 
swimmers, single person kayak, kayak with two 
or more individuals on board, small (less than  
7 m in length) motor vessel, rigid-hulled inflat-
able motor vessel, motor or sail vessel greater than  
7 m in length, and a commercial 20-m long motor 
catamaran. Individual kayaks were identified by 
vessel color and the number, gender, and clothing 
characteristics of those on board. An attempt was 
made to fix and describe all vessels within a 300-m 
radius of the center of the focal dolphin group. If 

this was not possible because of the presence of 
a large number of vessels adjacent to the group, 
then as many vessels as possible, without losing 
track of the dolphin group’s position, were fixed, 
and counts of the number of swimmers and ves-
sels within 50 m, 100 m, and 300 m of the dol-
phins were obtained and recorded. Swimmers 
were fixed after vessels as time allowed between 
dolphin group fixes. Otherwise, swimmers were 
counted and their positions relative to the dolphin 
group were described and recorded.

Data Analysis
Aardvark Viewer, Version 1.21, was used to exam-
ine all data. This application transformed theodo-
lite data into geographical positions and allowed 
for the viewing of dolphin group and vessel track-
lines. In an attempt to obtain a more accurate 
picture of dolphin group movement, tracks less 
than 30 min were excluded from further analysis. 
Mean track duration was 46.2 min (SD = 12.6 
min). Parameters relevant to dolphin behavior 
were summarized over the course of an individual 
track and included the following:
•	 Leg – the distance between two consecutive 

fixes of a dolphin group or vessel
•	 Leg	Speed – the distance between two con-

secutive fixes divided by time, expressed in 
kilometers/hour (km/h)

•	 Mean	Leg	Speed – average of all leg speeds 
comprising a track

•	 Reorientation	Rate – the sum of all changes 
in a dolphin group’s bearing divided by the 
total time tracked—It represents how often 
the group changes course during a track and 
is measured in degrees/min (Yin, 1999; Ross, 
2001; Ribeiro et al., 2005). 

To examine potential relationships between 
dolphin group movement patterns and associ-
ated human activities, human-related parameters 
were also summarized over the course of the 
track. Swimmers and vessels were divided into 
three categories based on their distance from the 
center of the focal dolphin group. The first cat-
egory included all swimmers and vessels within 
a 300-m radius of the dolphin group’s center. The 
second category comprised all swimmers and ves-
sels within a 100-m radius of the center, and the 
third category included all swimmers and vessels 
within 50 m of the center of the dolphin group. 
Mean counts of swimmers, kayaks, motor ves-
sels, total vessels (kayaks plus motor vessels), 
and swimmers plus total vessels were calculated 
for the three different measures of distance from 
the center of the dolphin group. This was cal-
culated for all tracks. Values were collected for 
each fix, and then the mean was taken across the 
whole track. Fixes less than 30 s apart or greater 
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than 210 s apart were not used for calculations. 
Additional variables included for further analyses 
were (1) mean distance between the dolphin group 
center and the closest vessel during a track and  
(2) mean speed of the vessel closest to the center 
of the group. A data table was constructed that 
combined dolphin group variables with those per-
taining to swimmers and/or vessels. 

Multiple regression analysis was used to 
examine the relationships between swimmer/
vessel-related variables and dolphin-related vari-
ables. Dolphin group behaviors that were ana-
lyzed include mean leg speed and reorientation 
rate. Variables associated with human behaviors 
include the number of swimmers, number of 
kayaks, number of motor vessels, total number of 
vessels, and total number of vessels plus swim-
mers. The effect(s) of the mean speed of the clos-
est vessel to the dolphin group center and mean 
distance from the group center to the closest vessel 
were also examined. Simple linear regression was 
used to examine the relationship between two 
individual variables. Data were analyzed using 
SPSS, Version 11.5, software and the R Project for 
Statistical Computing (see www.r-project.org).

Results

Descriptive Summary
A total of 265 h was spent at the shore station 
observing dolphin behaviors and human activi-
ties. Dolphin groups were observed and tracked 
in the bay for 178 h, which was 67% of the total 
observation time. Swimmers and/or vessels were 
present within 100 m of the focal dolphin group 
during all tracks and were present during 77% 
of all dolphin group fixes. Dolphin groups were 
observed exiting the bay and not returning during 
only two observation periods. The maximum 
number of swimmers and/or vessels within 300 
m of the center of the dolphin group was 34. The 
mean group size for all tracks was 30 dolphins.

Figure 2 is an illustration of dolphin group 
theodolite fixes made during multiple observa-
tion periods during the course of this study. Fixes 
were plotted using GIS data and ArcGIS, Version 
9.0, software (Environmental Systems Research 
Institute, Inc., 1999-2004). This figure illustrates 
typical locations of spinner dolphin groups fixed 
within Kealakekua Bay during this study. Nearly 
all sightings occurred in a band between about  

Figure 2. Spinner dolphin group fixes, Kealakekua Bay, 2000 and 2001
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50 m and 500 m from shore in all but the southeast-
ern quarter of the bay. The mean number of ves-
sels of all types (total vessel count) on the water in 
Kealakekua Bay during all observational periods 
was 10.3 (SD = 3.4). Significantly more vessels 
were present during observational periods when 
dolphins were present (mean = 11.5 total ves-
sels, SD = 3.5, n = 355) than when dolphins were 
absent (mean = 8.6, SD = 2.0, n = 174) (Student’s 
t test, p < 0.0005). Swimmers were present within 
at least 50 m of an observed dolphin group during 
85% of all tracks, and kayaks were present during 
virtually all tracks (Table 1). Motor vessels were 
less commonly near the dolphin group, being pres-
ent within 50 m during less than half of all tracks, 
increasing to 65% at 300 m (Table 1). There were 
no tracks during which dolphins were not closely 
accompanied by swimmers and/or vessels. The 
mean speed of the closest vessel to the center of 
the dolphin group for all observation periods was 
2.3 km/h (SD = 1.1). The mean group reorienta-
tion rate for all observation periods was 37.9°/min 
(SD = 8.8). The mean group mean leg speed for all 
observation periods was 3.0 km/h (SD = 0.83).

Regression Analyses
Potential seasonal (winter, spring, summer, fall) 
and yearly effects on group reorientation rate 
and group mean leg speed were evaluated using 
data from 2000 and 2001. Analysis of variance 
(ANOVA) yielded no significant differences in 
these measures for the data collected during this 
project. There was also no significant change in 
dolphin group size between 2000 and 2001. As no 
seasonal or yearly differences in behavior were 
observed, data were pooled for further analyses. 
Since dolphin groups were closely accompanied 
by swimmers and/or vessels during all tracks, no 
control data were available. Simple linear regres-
sion and multiple linear regression were used to 
examine trends between different combinations 
of variables. Simple linear regression was used 
to look for correlations between two individual 

variables at a time. Multiple linear regression was 
used to determine the effect of a set of four vari-
ables on a single response variable (reorientation 
rate or mean leg speed) in an attempt to better 
explain that effect.

Reorientation Rate—When the number of swim-
mers and vessels was related to group reorientation 
rate, simple linear regression resulted in an r-value 
(correlation coefficient) of 0.40 (Table 2). As the 
number of swimmers and vessels increased, the 
dolphin group tended to change direction (reori-
ent) more frequently. Results were similar when 
swimmer numbers were plotted against reorien-
tation rate and when kayak numbers were plot-
ted against reorientation rate at all three distance 
radii—50 m, 100 m, and 300 m (Table 2). In 
addition, dolphin groups tended to reorient less 
as vessel speed increased (r = -0.28; Table 2). 
Table 3 summarizes the results of multiple linear 
regression of dolphin group reorientation rates 
relative to the following variables: (1) number of 
swimmers and vessels within a specific distance 
criterion, (2) separation between dolphin group 
center and closest vessel, (3) vessel speed, and  
(4) group size. Reorientation rates were sig-
nificantly affected by the above variables when 
examined at all three radii (50 m, 100 m, 300 m;  
p < 0.05; Table 3). Number of swimmers and ves-
sels had the greatest effect on reorientation rate 
for this multiple regression. 

Dolphin Group Mean Leg Speed—Mean leg 
speed was most strongly correlated with the dis-
tance between the dolphin group center and the 
closest vessel (r = 0.29) (Table 4). Dolphins tended 
to swim faster when farther away from vessels. 
Larger groups tended to swim faster than smaller 
groups (r = 0.23) (Table 4). There were no signifi-
cant correlations between increasing swimmer and 
vessel numbers and group mean leg speed. There 
was a weak correlation between speed of the clos-
est vessel and mean leg speed (r = 0.17) that sug-
gests that dolphins may tend to swim faster in the 
presence of faster vessels (Table 4). The same four 

Table 1. Mean number of swimmers and vessels present within different radii from focal dolphin groups during tracks, along 
with the percentage of tracks during which swimmers and vessels were present

50 m 100 m 300 m

Mean # swimmers 1.6 1.9 2.3
present during tracks 85.33% 86.67% 89.33%

Mean # kayaks 1.3 1.9 3.1
present during tracks 97.33% 97.33% 97.33%

Mean # motor vessels 0.1 0.1 0.3
present during tracks 44.00% 52.00% 65.33%

Mean # total vessels 1.4 2.0 3.4
Mean # swimmers and vessels 3.0 3.9 5.7
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explanatory variables listed above for reorientation 
rate were used to assess changes in group mean leg 
speed (Table 5). Mean leg speed was significantly 
affected by the above variables when examined 
at all three radii. Separation between the group 
center and closest vessel had the greatest effect on 
group mean leg speed. Also, using mean leg speed 
as the response variable resulted in a significant 
relationship in the multiple regression analysis  
(p < 0.05; Table 5). 

Discussion

This is the first time that reorientation rate has 
been reported for Hawaiian spinner dolphin 
groups within this bay. Group swimming speed 
was previously reported by Würsig et al. (1994). 
Dolphin presence at this site was similar to that 
reported in previous studies (Norris & Dohl, 1980; 
Würsig & Würsig, 1983; Forest, 2001; Courbis, 
2004; Courbis & Timmel, 2008). Dolphin group 
sizes within Kealakekua Bay were also compa-
rable to those recorded in previous studies (Norris 

Table 2. r-values, reorientation rate; bottom four rows are independent of the radius from the center of the dolphin group

Reorientation rate

50 m 100 m 300 m

Swimmers 0.36 0.33 0.31
Kayaks 0.34 0.36 0.35
Motor vessels 0.04 0.12 0.03
Total vessels 0.34 0.37 0.35
Swimmers and vessels 0.40 0.40 0.40
Separation -0.14
Vessel speed -0.28
Time of day -0.07
Dolphin group size -0.01

Table 3. Summary of the results of multiple regressions of dolphin group reorientation rate against four independent  
variables for each of three radii from the center of the group

50 m 100 m 300 m

Residual SE 8.37 
df = 62

8.36 
df = 62

8.41  
df = 62

Multiple R2 0.180 0.182 0.173
Adjusted R2 0.128 0.129 0.119
F-statistic 3.412 

df = 4, 62
3.449 

df = 4, 62
3.235 

df = 4, 62
p-value 0.01381 0.01311 0.01783

Table 4. r-values, mean leg speed; bottom four rows are independent of the radius from the center of the dolphin group

Mean leg speed

50 m 100 m 300 m

Swimmers -0.02 -0.06 -0.05
Kayaks -0.10 -0.03 -0.01
Motor vessels 0.07 0.00 0.08
Total vessels -0.09 -0.02 0.01
Swimmers and vessels -0.05 -0.05 -0.03
Separation 0.29
Vessel speed 0.17
Time of day 0.13
Dolphin group size 0.23



408 Timmel et al.

& Dohl, 1980; Östman, 1994; Würsig et al., 1994; 
Forest, 2001; Courbis, 2007). 

Spinner dolphin locations within Kealakekua 
Bay were consistent with those reported by Würsig 
et al. (1994). Dolphins appear to be in the most 
protected part of the bay and were never observed 
near Napoopoo Beach. The Napoopoo Beach area 
is characterized by having a high level of human 
presence. This differs from what was reported 
by Doty (1968), who observed spinner dolphins 
spending a significant amount of time near Manini 
Beach Point, but it is similar to what was reported 
by Courbis (2004, 2007). The mean total vessel 
count for the bay was significantly higher during 
observational periods in which dolphins were pres-
ent within the bay. This corresponds with Forest’s 
(2001) findings but differs from Courbis’s (2007). 
However, Courbis’s (2007) study included all 
daylight hours. Possibly, swimmers and vessels 
may reduce activity in the late afternoon and eve-
ning hours regardless of dolphin presence. Based 
on the current observations, when dolphins are not 
present, kayakers tend to travel a direct path from 
the boat launching area across the bay to the Cook 
Monument. Small commercial motor vessels tend 
to enter the bay to the northwest and travel directly 
to this same area. In contrast, when dolphins are 
present, kayakers spend a significant amount of 
time following and attempting to observe and 
interact with them. The general pattern of dolphin 
and human behavior observed during this study 
was as follows: swimmers and/or vessels would 
approach a spinner group. The dolphins would 
remain in the same location for several minutes 
and then move away in a directed manner with-
out visibly altering their swimming speed. As the 
dolphin group moved away, adjacent swimmers 
and kayakers would increase their speed in order 
to maintain close contact with the dolphins. Thus, 
as the dolphins followed a more direct course 
away from swimmers and vessels, the swimmers 
and vessels would increase their speed in order to 
catch up. This was a personal observation, also 
reported by Courbis (2004), that is suggested sta-
tistically by a weak negative correlation between 

reorientation rate and the separation between the 
dolphin group and the closest vessel (r = -0.14). 
This pattern suggests that dolphins may tolerate 
the close presence of swimmers and vessels for a 
time, but they are intolerant of prolonged interac-
tions with swimmers and/or vessels.

A primary goal of this study was to determine if 
a relationship exists between dolphin group move-
ment patterns and swimmer and/or vessel traffic. 
Regression analyses revealed significant relation-
ships between human activity-related variables 
and both dolphin group reorientation rate and 
dolphin group mean leg speed. However, in all 
cases, the regressions were a poor fit. This study 
was complicated by the complete lack of control 
data available. There were no observation peri-
ods when dolphin groups could be tracked and 
observed without the presence of swimmers and/
or vessels in close proximity.

The number of people (swimmers and ves-
sels) adjacent to the dolphins appears to be of 
more importance than their specific activity, but 
responses to different human activities could not 
be studied in a controlled manner. Mean reori-
entation rate was less than that reported by Ross 
(2001) for Hawaiian spinner dolphins at Midway 
Atoll. This may be related to differences in levels 
of anthropogenic activity between the two study 
sites. Ross reported that in the presence of boats, 
Midway spinner dolphin groups changed course 
less frequently and increased their swimming 
speed. There is a tendency for dolphin groups 
in Kealakekua Bay to change course more fre-
quently but to maintain their swimming speed as 
the number of swimmers and/or vessels proximate 
to them increases. The intensity of human activity 
is greater at Kealakekua Bay than that described 
for Midway. The type of activity is also very dif-
ferent. Vessel activity at Midway Atoll is charac-
terized by the presence of small numbers of motor 
vessels (Ross, 2001), whereas human activity at 
Kealakekua Bay is predominantly swimming and 
kayaking. The difference in reorientation rates 
between these two sites may reflect different tac-
tics used by these two dolphin populations to avoid 

Table 5. Summary of the results of multiple regressions of dolphin group mean leg speed against four independent variables 
for each of three radii from the center of the group

50 m 100 m 300 m

Residual SE 0.7861 
df = 62

0.7862 
df = 62

0.7876  
df = 62

Multiple R2 0.171 0.171 0.168
Adjusted R2 0.118 0.117 0.114
F-statistic 3.198 

df = 4, 62
3.190 

df = 4, 62
3.127  

df = 4, 62
p-value 0.01879 0.01901 0.02082
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vessels. Reduced reorientation rate may allow 
dolphins to move more quickly and efficiently 
away from approaching swimmers or kayaks, 
whereas an increased reorientation rate may allow 
dolphins to dodge more numerous vessels faster. 
Yin (1999) reported that in the presence of boats, 
dusky dolphins (Lagenorhynchus obscurus) off 
the coast of New Zealand made slightly more 
course changes than when boats were absent. 
Ribeiro et al. (2005) reported this same finding 
for foraging Chilean dolphins (Cephalorhynchus 
eutropia) in Yaldad Bay, Southern Chile. This is 
similar to the trend observed during this study—
that is, increased group reorientation rate in the 
presence of increased numbers of swimmers and/
or vessels.

Increasing numbers of swimmers and/or vessels 
were not correlated with measurable differences in 
mean leg speed. However, dolphins appear to swim 
slightly faster when further away from vessels, 
and larger pods appear to travel slightly faster than 
smaller pods. Dolphin groups may increase their 
swimming speed in order to maintain or increase 
their distance from pursuing swimmers and/or 
vessels. Würsig et al. (1994) reported an average 
swimming speed of 2.6 km/h (SD = 2.68) for spin-
ner dolphin groups within Kealakekua Bay. This 
is slightly less than the average mean leg speed 
of 3.0 km/h (SD = 0.83) in this study. The earlier 
data was collected at a time when it is generally 
accepted that the intensity of dolphin-focused 
human activity was much less than at the time of 
this study. Ross (2001) found that the mean leg 
speed increased for all dolphin groups at Midway 
Atoll when vessels were present. Once again, the 
difference between these two populations of dol-
phins may be attributed to different environments, 
differences in human activity levels observed 
during the respective studies, or alternative tac-
tics used by dolphins to avoid vessels. A future 
comprehensive study involving both locations and 
using consistent methodologies, including con-
trolled approaches if possible, may serve to answer 
some of these questions. Kruse (1991) reported 
that killer whales (Orcinus orca) in Johnstone 
Strait, British Columbia, swam more rapidly 
when approached by boats than whales unaccom-
panied by boats. Williams et al. (2002) reported 
that female killer whales, also in Johnstone Strait, 
responded to the presence of vessels by swimming 
faster, but that male killer whales maintained their 
previous speed. Yin (1999), however, reported 
that the presence of boats did not result in a sig-
nificant change in group mean leg speed by dusky 
dolphins observed off the coast of Kaikoura,  
New Zealand. Ribeiro et al. (2005) reported that 
foraging Chilean dolphins showed no change in 
swimming speed when approached by boats, but, 

when traveling, they reacted to boats by increas-
ing their swimming speed. The data from the cur-
rent study suggest that dolphins in Kealakekua 
Bay tend to alter their direction more frequently in 
the presence of increased numbers of vessels, but 
they do not tend to alter their swimming speed. It 
is possible that different populations of dolphins 
at different locations have evolved different strate-
gies for avoiding vessels.

This study demonstrated weak but significant 
correlations between human activity-related vari-
ables and two different measures of dolphin group 
movement. The original study design called for a 
comparison between tracks when human traffic 
was absent and tracks when different types (e.g., 
swimmers, kayaks, motor vessels) and different 
levels of anthropogenic activity were present. This 
proved impossible because there were no tracks 
during which swimmers and/or vessels were not 
adjacent to the dolphin group being observed. 
Once spinner dolphin groups have descended into 
rest, their behavior becomes relatively consistent 
and resistant to change (Norris et al., 1994). This 
appeared to be the case in this study and may par-
tially explain the decreased statistical significance 
of some of the correlations reported here. It may 
also be that since there is a greater intensity of 
anthropogenic activity in Kealakekua Bay, these 
dolphins have become more tolerant than those at 
Midway.

Although it is possible that spinner dolphins 
have partially habituated to increasing levels of 
human activity within Kealakekua Bay, care should 
be taken not to interpret the results of this study 
to mean that these activities have only a limited 
effect on these dolphins. It has been suggested 
that the effect of disturbance is cumulative rather 
than catastrophic (Duffus & Dearden, 1990). Over 
time, small changes in behavior may have a nega-
tive effect on the fitness of the spinner dolphins 
(Bejder et al., 2006). More detailed, comprehen-
sive studies are recommended to better determine 
the impact that various recreational activities may 
have on the fitness of these animals. Continued 
opportunistic observations will prove useful, but 
controlled experiments would ideally also be a 
part of any overall study design. These types of 
experiments would require appropriate permitting 
and assistance from authorities, tour operators, and 
kayak rental companies. Controlled experiments 
would allow for each group of dolphins to serve 
as its own control. Dolphin groups would ideally 
be observed under different control and impact 
conditions (Williams et al., 2002). This would be 
the most direct approach to sorting out differing 
responses to different types and levels of human 
activity. Different measures of potential impact 
should also be considered. In the case of spinner 
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dolphins at this location, the use of an Activity 
Index (AI), as described by Lammers (2004), could 
be an effective method for quantifying responses to 
anthropogenic activity. In the meantime, caution is 
warranted, and the efforts being undertaken by the 
NMFS to protect dolphins in Kealakekua Bay are 
justified.

Acknowledgments

Dr. Jan Östman-Lind and Ania Driscoll-Lind of 
the Kula Naia Foundation suggested this topic 
and provided encouragement and advice. Susan 
Rickards and Suzanne Yin helped in the field with 
methodology and with data analysis. Bill Walsh 
of the Hawaii Department of Land and Natural 
Resources helped obtain GIS fixes, and Dick 
Threlfall assisted with both hardware and software 
issues. Barry Nickel assisted with GIS maps; Dr. 
Jaimyoung Kwon provided statistical advice; and 
Dr. Bernd Würsig provided advice and the loan of a 
theodolite. Drs. Ralph Larson and Darlene Francis 
provided editing suggestions. Field assistance 
was provided by Dr. Herb Beam, Rachel Johnson, 
Michael McCullough, Heather McIlvenna, Stacy 
Sauter, and Erica Todo. 

Literature Cited

Acevedo, A. (1991). Interactions between boats and bottle-
nose dolphins, Tursiops truncatus, in the entrance to 
Ensenada de la Paz, Mexico. Aquatic Mammals, 17(3), 
120-124.

Au, D., & Perryman, W. (1982). Movement and speed of 
dolphin schools responding to an approaching ship. 
Fishery Bulletin, 80, 371-379.

Baúza-Durán, C. (1999). Quantitative assessment of the 
impact of swimmers, kayaks and motorized vessels on 
the behavior of spinner dolphins (Stenella longirostris) 
of Kealakekua Bay, Hawaii. 13th Biennial Conference 
on the Biology of Marine Mammals, Wailea, HI.

Bejder, L., Dawson, S., & Harraway, J. (1999). Responses 
by Hector’s dolphins to boats and swimmers in Porpoise 
Bay, New Zealand. Marine Mammal Science, 15(3), 
738-750.

Bejder, L., Samuels, A., Whitehead, H., Gales, N., Mann, 
J., Connor, R., et al. (2006). Decline in relative abun-
dance of bottlenose dolphins exposed to long-term dis-
turbance. Conservation Biology, 20(6), 1791-1798.

Buckstaff, K. (2004). Effects of watercraft noise on the 
acoustic behavior of bottlenose dolphins, Tursiops 
truncatus, in Sarasota Bay, Florida. Marine Mammal 
Science, 20(4), 709-725.

Constantine, R. (2001). Increased avoidance of swimmers 
by wild bottlenose dolphins (Tursiops truncatus) due 
to long-term exposure to swim-with-dolphin tourism. 
Marine Mammal Science, 17(4), 689-702.

Constantine, R., Brunton, D., & Dennis, T. (2004). Dolphin-
watching tour boats change bottlenose dolphin (Tursiops 
truncatus) behaviour. Biological Conservation, 117, 
299-307.

Courbis, S. (2004). Behavior of Hawaiian spinner dolphins 
(Stenella longirostris) in response to vessels/swim-
mers. Master’s thesis, San Francisco State University,  
San Francisco, CA. 188 pp.

Courbis, S. (2007). Effect of spinner dolphin presence on 
level of swimmer and vessel activity in Hawaiian bays. 
Tourism in Marine Environments, 4, 1-14.

Courbis, S., & Timmel, G. (2008). Effects of vessels and 
swimmers on behavior of Hawaiian spinner dolphins 
(Stenella longirostris) in Kealake’akua, Honaunau, and 
Kauhako bays, Hawai’i. Marine Mammal Science, in 
press.

Department of Commerce. (2005). Protecting spinner 
dolphins in the main Hawaiian Islands from human 
activities that cause “take,” as defined in the Marine 
Mammal Protection Act and its implementing regula-
tions, or to otherwise adversely affect the dolphins. 
Federal Register, 70, 57923-57926.

Department of Commerce. (2006). Protection of marine 
mammals; Notice of intent to prepare an environmental 
impact statement. Federal Register, 71, 57923-57926.

Doty, M. (1968). Biological and physical features of 
Kealakekua Bay, Hawaii (Final Report to the State of 
Hawaii, LG 67-331, No. 8). 210 pp.

Duffus, D., & Dearden, P. (1990). Non-consumptive 
wildlife-oriented recreation: A conceptual framework. 
Biological Conservation, 53, 213-231.

Forest, A. (2001). The Hawaiian spinner dolphin, Stenella 
longirostris: Effects of tourism. Master’s thesis, Texas 
A&M University, College Station. 99 pp. 

Hastie, G., Wilson, B., & Tufft, L. (2003). Bottlenose dol-
phins increase breathing synchrony in response to boat 
traffic. Marine Mammal Science, 19(1), 74-84.

Hoyt, E. (2001). Whale watching 2001: Worldwide tourism 
numbers, expenditures and expanding socioeconomic 
benefits. Yarmouth Port, MA: International Fund for 
Animal Welfare. 169 pp.

Janik, V., & Thompson, P. (1996). Changes in surfacing pat-
terns of bottlenose dolphins in response to boat traffic. 
Marine Mammal Science, 12(4), 597-602.

Kruse, S. (1991). The interactions between killer whales and 
boats in Johnstone Strait, B.C. In K. Pryor & K. Norris 
(Eds.), Dolphin societies: Discoveries and puzzles (pp. 
149-159). Berkeley and Los Angeles: University of 
California Press. 397 pp.

Lammers, M. (2004). Occurrence and behavior of Hawaiian 
spinner dolphins (Stenella longirostris) along Oahu’s 
leeward and south shores. Aquatic Mammals, 30(2), 
237-250.

Lusseau, D. (2005). The residency pattern of bottlenose dol-
phins Tursiops spp. in Milford Sound, New Zealand, is 
related to boat traffic. Marine Ecology Progress Series, 
295, 265-272.



 Spinner Dolphin-Human Interactions 411

National Marine Fisheries Service (NMFS). (2007). 
Spinner dolphin interaction environmental impact state-
ment public scoping summary report. Honolulu: NMFS 
Pacific Islands Regional Office.

Neumann, D., & Orams, M. (2006). Impacts of ecotourism 
on short-beaked common dolphins (Delphinus delphis) 
in Mercury Bay, New Zealand. Aquatic Mammals, 
32(1), 1-9

Norris, K., & Dohl, T. (1980). Behavior of the Hawaiian 
spinner dolphin, Stenella longirostris. Fishery Bulletin, 
77, 821-849.

Norris, K., Würsig, B., Wells, R., Würsig, M., Brownlee, 
S., Johnson, C., et al. (1994). The Hawaiian spinner 
dolphin. Berkeley and Los Angeles, CA: University of 
California Press. 408 pp.

Östman, J. (1994). Social organization and social behav-
ior of Hawaiian spinner dolphins, Stenella longirostris. 
Ph.D. dissertation, University of California, Santa Cruz.

Ribeiro, S., Viddi, F. A., & Freitas, T. R. O. (2005). 
Behavioural responses of Chilean dolphins 
(Cephalorhynchus eutropia) to boats in Yaldad Bay, 
Southern Chile. Aquatic Mammals, 31(2), 234-242. 

Ross, G. (2001). Response of Hawaiian spinner dolphins, 
Stenella longirostris, to boat presence in Midway 
Atoll. Master’s thesis, San Francisco State University,  
San Francisco, CA. 74 pp.

Samuels, A., Bejder, L., & Heinrich, S. (2000). A review 
of the literature pertaining to swimming with wild dol-
phins. Bethesda, MD: Marine Mammal Commission. 58 
pp.

Scarpaci, C., Bigger, S., Corkeron, P., & Nugegoda, D. 
(2000). Bottlenose dolphins (Tursiops truncatus) 
increase whistling in the presence of “swim-with-dol-
phin” tour operations. Journal of Cetacean Research 
Management, 2(3), 183-185.

Stensland, E., & Berggren, P. (2007). Behavioural changes 
in female Indo-Pacific bottlenose dolphins in response 
to boat-based tourism. Marine Ecology Progress Series, 
332, 225-234.

Van Parijs, S., & Corkeron, P. (2001). Boat traffic affects the 
acoustic behavior of Pacific humpback dolphins, Sousa 
chinensis. Journal of the Marine Biological Association 
of the United Kingdom, 81, 533-538.

Williams, R., Trites, A., & Bain, D. (2002). Behavioural 
responses of killer whales (Orcinus orca) to whale-
watching boats: Opportunistic observations and experi-
mental approaches. Journal of Zoology, London, 256, 
255-270.

Würsig, B., & Würsig, M. (1983). Patterns of daily utiliza-
tion of a protected bay by Hawaiian spinner dolphins. 
Proceedings of the Fifth Biennial Conference on the 
Biology of Marine Mammals, Boston, MA. 110 pp.

Würsig, B., Cipriano, F., & Würsig, M. (1991). Dolphin 
movement patterns: Information from radio and the-
odolite tracking studies. In K. Pryor & K. Norris (Eds.), 
Dolphin societies: Discoveries and puzzles (pp. 79-111). 
Berkeley and Los Angeles: University of California 
Press. 397 pp.

Würsig, B., Wells, R., Norris, K., & Würsig, M. (1994). A 
spinner dolphin’s day. In K. Norris, B. Würsig, R. Wells, 
M. Würsig, S. Brownlee, C. Johnson et al. (Eds.), The 
Hawaiian spinner dolphin (pp. 65-102). Berkeley and 
Los Angeles: University of California Press. 408 pp.

Yin, S. (1999). Movement patterns, behaviors, and whistle 
sounds of dolphin groups off Kaikoura, New Zealand. 
Master’s thesis, Texas A&M University, College Station. 
107 pp.


