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We documented immediate, behavioural responses of Indo-Pacific bottlenose dolphins (Tursiops sp.) to
experimental vessel approaches in regions of high and low vessel traffic in Shark Bay, Western Australia.
Experimental vessel approaches elicited significant changes in the behaviour of targeted dolphins when
compared with their behaviour before and after approaches. During approaches, focal dolphin groups be-
came more compact, had higher rates of change in membership and had more erratic speeds and direc-
tions of travel. Dolphins in the region of low vessel traffic (control site) had stronger and longer-lasting
responses than did dolphins in the region of high vessel traffic (impact site). In the absence of additional
information, the moderated behavioural responses of impact-site dolphins probably would be interpreted
to mean that long-term vessel activity within a region of tourism had no detrimental effect on resident
dolphins. However, another study showed that dolphin-watching tourism in Shark Bay has contributed
to a long-term decline in dolphin abundance within the impact site (Bejder et al., in press, Conservation
Biology). Those findings suggest that we documented moderated responses not because impact-site dolphins
had become habituated to vessels but because those individuals that were sensitive to vessel disturbance
left the region before our study began. This reinterpretation of our findings led us to question the tradi-
tional premise that short-term behavioural responses are sufficient indicators of impacts of anthropogenic
disturbance on wildlife.

� 2006 The Association for the Study of Animal Behaviour. Published by Elsevier Ltd. All rights reserved.
Investigations of anthropogenic disturbance often must
generate time-sensitive information under crisis condi-
tions. Owing to inadequate time, resources and background
information, these studies typically rely on short-term,
behavioural measures that can be readily recorded and
related to the source of disturbance (e.g. Duchesne et al.
2000; de la Torre et al. 2000; Lacy & Martins 2003). Little
is known, however, about the suitability of short-term be-
havioural measures as indicators of biologically significant
impacts. It is seldom known how immediate responses are
transformed into long-term changes in condition or habitat
use, for example, or how those changes may influence
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reproduction, survival or population size (e.g. Gill et al.
2001; Beale & Monaghan 2004a). For example, Miller
et al. (2000) found that male humpback whales, Megaptera
novaeangliae, sing longer songs during exposure to anthro-
pogenic sound, and they suggested that alterations to this
sexual display would be detrimental to whale reproduction;
however, this hypothesis will be difficult to test.

The traditional interpretation of behavioural change in
the face of disturbance has also been challenged (e.g. Nis-
bet 2000; Gill et al. 2001; Beale & Monaghan 2004b). It
was formerly assumed that animals that move away
from disturbance are more greatly affected than those
that remain (e.g. Foster & Rahs 1983; Fowler 1999), but re-
cent studies suggest that departing animals may be the
ones with sufficient condition to do so (e.g. Stillman &
Goss-Custard 2002; Beale & Monaghan 2004b). Moreover,
where disturbance is concentrated in critical habitat, ani-
mals may have no other option but to stay (e.g. Creel
et al. 2002; Dyck & Baydack 2004).

The same issues are relevant to interpreting impacts of
wildlife tourism. Cetacean (whale, dolphin and porpoise)
1
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watching is an ever-increasing form of wildlife tourism,
targeting more than 50 (including endangered and threat-
ened) species and involving more than $1 billion (U.S.)
and 9 million people annually (Hoyt 2001; Samuels et al.
2003). Cetacean watching is often represented as a benign
substitute for whaling (e.g. Hoyt 1993) that augments
local revenues (e.g. Hoyt 2001) and environmental aware-
ness (e.g. Orams 1997). However, this tourism emphasizes
repeated, close-up encounters with specific cetacean
communities, thereby presenting considerable potential
for harm to targeted animals. Assessments of effects of
cetacean-watching tourism typically focus on short-term
responses (e.g. Bejder et al. 1999; Williams et al. 2002;
Lusseau 2003; Constantine et al. 2004; Samuels & Bejder
2004), the biological significance of which is seldom
known (Corkeron 2004).

In the present study, we documented immediate, be-
havioural responses of Indo-Pacific bottlenose dolphins
(Tursiops sp.) to experimental vessel approaches in regions
of high and low vessel traffic in Shark Bay, Western Aus-
tralia. Interpretation of our findings in the context of
long-term impacts of vessel-based dolphin-watching tour-
ism in Shark Bay (Bejder et al., in press) led us to question
the traditional premise that short-term behavioural re-
sponses are sufficient indicators of impacts of anthropo-
genic disturbance on wildlife.

METHODS

Field Site and Study Population

Shark Bay, Western Australia (25�450S, 113�440E; Fig. 1),
is populated by approximately 2700 Indo-Pacific bottle-
nose dolphins (Preen et al. 1997). The habitat consists of
sea grass beds (<4-m depth), embayment plains (5e
13 m) and channels (<14 m). Dolphin tourism and
Please cite this article as: Lars Bejder et al., Interpreting short-term behavioural re
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long-term dolphin research are based from the resort of
Monkey Mia in the eastern gulf.

Two forms of dolphin tourism occur in Shark Bay. Since
the 1960s, several dolphins have received fish handouts
from humans at a beach in Monkey Mia (Connor &
Smolker 1985). At present, four adult female dolphins
are provisioned with strict supervision by wildlife rangers.
Provisioning is the area’s primary tourist attraction with
more than 100 000 annual visitors, most of which come
to see dolphins (Stoeckl et al. 2005).

Commercial, vessel-based, dolphin-watching tourism
began in 1993. One tour operator has offered tours since
May 1993, and a second operator began in August 1998.
The two tour vessels are 17-m and 19-m sailing catamar-
ans with turbo140-hp and 50-hp engines, respectively.
The two operators offer a combined total of eight trips
daily.

Dolphin behavioural research began in 1984. Approxi-
mately 800 individual dolphins are studied within a 300-
km2 area (Fig. 1a). Photo-identification and focal-follow
methods are conducted from small vessels (4e6 m long,
6e40-hp outboard engines). A long-term database pro-
vided individually specific information for dolphin sub-
jects of our experiments, including age and sex (e.g.
Mann et al. 2000; Krützen et al. 2004).

Experimental Design

We studied effects of experimental vessel approaches on
dolphin behaviour at two sites that had different histories
of vessel activity: high vessel activity (impact site) and low
vessel activity (control site). We evaluated group-level,
nonvocal, behavioural responses of dolphins 15 min be-
fore (B), during (D) and after (A) approaches by an exper-
imental vessel (e.g. BDA experimental design sensu Bejder
& Samuels 2003).
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Figure 1. Study site. (a) Shark Bay, Western Australia, including the w300-km2 region of long-term research (hatched), and (b) control
and impact sites with targets indicating shore stations. Impact site defined by GPS downloads of tour-vessel movements during 2000e2003

(dotted lines).
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For each BDA experiment, shore-based observers se-
lected a focal dolphin group based on the group’s
proximity to the shore station and the absence of any
vessels within 300 m. A group was defined as one or more
dolphins within proximity described by a 50-m chain rule
(modified from Smolker et al. 1992). When several groups
met these criteria (in 8 of 78 experiments), we alternated
selecting larger and smaller groups. After selecting the fo-
cal group, shore observers recorded baseline behavioural
data for 15 min (B period). At the end of the B period,
shore observers contacted vessel-based observers via VHF
radio to direct movement of the experimental vessel to-
wards the focal group. The experimental vessel was
a 4.3-m runabout with 25-hp, 4-stroke, outboard engine.
We terminated experiments prematurely when the iden-
tity or behaviour of the focal group was uncertain (e.g.
poor visibility, beyond range), or when another vessel
came within 300 m of the focal group.

We defined the D period to begin once the experimental
vessel was within 50 m of the nearest dolphin in the focal
group. Throughout the 15-min D period, shore observers
continued to record behavioural data while the vessel
maintained a distance of approximately 10e50 m from
the focal group and mimicked the behaviour of tour ves-
sels as described in the operators’ license conditions. Spe-
cifically, tour operators were limited to 15 min within
50 m of a dolphin group and were not permitted to restrict
or impede the dolphins’ behaviour (Western Australian
Wildlife Conservation Notice 1998 (Close Season for
Marine Mammals); Western Australian Wildlife Conserva-
tion Regulations 1970, Regulation 15 Marine Mammal
Interaction License).

During the D period, observers aboard the experimental
vessel identified individual dolphins in the focal group by
taking dorsal fin photographs, which were later compared
with a catalogue (Würsig & Jefferson 1990). Identities of
dolphins that left or joined the focal group were also re-
corded. The shore team monitored movements of splinter
subgroups that departed when the vessel was not nearby
until those dolphins could be identified.

We defined the D period to end once the experimental
vessel moved beyond 50 m of the nearest dolphin in the
focal group. We defined the A period to begin when the
experimental vessel was beyond 300 m of the focal group.
Throughout the 15-min A period, the shore team contin-
ued to monitor the behaviour and movements of the focal
group.

To delineate the impact site (Fig. 1b), we tracked tour-
vessel movements at 75-s intervals via automatic GPS
downloading during 188 tour-vessel trips monitored in
2000; additional trips were monitored in 2002e2003 to
confirm that tour-vessel activity did not change during
the study period (N ¼ 177 and 195 total trips monitored
per tour vessel). We defined the impact site as the portion
of the region of tour-vessel activity that could be moni-
tored reliably from the shore station. We selected a distant
control site wherein dolphins were na€ıve to tourism and
recreational vessels but had limited exposure to research-
vessel activity (Fig. 1b). A distance of approximately
17 km between sites minimized overlap of individual dol-
phins between the two sites.
Please cite this article as: Lars Bejder et al., Interpreting short-term behavioural re
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Data Collection

Shore-based observers at an elevated vantage point used
focal-group sampling to monitor the dolphins continu-
ously throughout each experiment. Behaviours and sam-
pling schemes were selected to meet the rigorous
requirements for a group-level focus (Altmann 1974). Con-
current theodolite tracking and behavioural sampling pro-
vided simultaneous information about the movements,
behaviour and interindividual spacing of the focal dolphin
group throughout the experiment. Theodolite tracking also
documented the position of the experimental vessel
throughout the D period. Shore observers consisted of a the-
odolite operator who recorded positions of targets, and
a computer operator who downloaded positions. Both ob-
servers looked for dolphins and recorded behavioural data.

Response variables related to dolphin movements
We used a Leitz DT5 digital theodolite (�30 telescope)

to record dolphin and vessel positions. A theodolite
simultaneously measures horizontal and vertical angles
to a target. The accuracy of a position acquired via
theodolite is proportional to the instrument’s elevation
above sea level and inversely proportional to distance to
the target. Shore-station elevations were 29.33 and
29.12 m above sea level at impact and control sites, respec-
tively. On average, we observed dolphin groups at approx-
imately 1500 m from the shore station. Thus, a 10-cm
error in the instrument’s height-above-sea-level measure-
ment at an approximately 30-m elevation provided accu-
racy to within 9 m for targets at 2500 m, and to within
2 m for targets at 500 m (Würsig et al. 1991). Because
shore stations at the two sites had nearly equal elevations,
we assumed that between-site differences in accuracy of
position calculations were negligible.

The theodolite was connected to a laptop computer that
ran the data acquisition program, Pythagoras (Gailey &
Ortega-Ortiz 2002). The software downloaded angles to
targets (measured from a reference point of known lati-
tude and longitude), associated each record with the exact
time of acquisition and converted readings into rectangu-
lar (X,Y ), latitude and longitude coordinates for the target
(‘fix’), taking into account the instrument’s position and
height above sea level (including tidal fluctuations). Two
consecutive theodolite fixes of a dolphin group (taken at
the group’s estimated centre) defined one ‘leg’ of move-
ment. On average, 15 fixes of the group, or 14 legs, were
obtained for each 15-min BDA period.

We recorded locations of dolphins at approximately 60-s
intervals in B and A periods. We alternately located
dolphins and the vessel at approximately 30-s intervals in
D periods. Actual fixes were not taken at measured intervals,
and we found that fix rates varied between BDA periods,
with B and A periods typically having lower rates than D
periods. This created a consistent positive bias in path
resolution for the D period. The bias probably resulted from
the operator’s attempts to document in detail relative
positions of the vessel and dolphin group, and the com-
parative ease in spotting dolphins with the vessel nearby. To
eliminate this bias, we compared fix rates for all BDA
sponses to disturbance within a longitudinal perspective, ANIMAL BEHAVIOUR
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periods within each experiment to identify the period with
the lowest rate. We then interpolated at the lowest fix rate
the entire BDA track for that experiment, based on the
assumptions that the dolphin group travelled in a straight
line and at constant speed between consecutive fixes. We
used interpolated fixes at evenly spaced intervals to com-
pare movement variables between BDA periods.

We calculated four movement variables for each BDA
period: average speed, standard deviation (SD) of speed
(differences in speed between consecutive legs), distance
travelled and average change in direction of movement
(between consecutive legs, 0e180 degrees). Standard de-
viation of speed is a measure of consistency in travel
speed, with low values indicating constant speed. Average
change in direction is a measure of consistency in travel
direction, with low values indicating constant direction.

Response variables related to dolphin sociality
In shore-based focal follows of dolphin groups, we

recorded specified behavioural data, which were linked
by time to theodolite tracks. We measured four social
response variables for each BDA period: number of fission
events (group splits), number of fusion events (group
joins), interindividual spacing and group size. We used
continuous, all-occurrence sampling of fission/fusion
events, and scan sampling of interindividual spacing
(Altmann 1974). Group size was estimated at the onset
of each BDA period.

Fusions and fissions were defined to occur when one or
more dolphins moved within or beyond the 50-m crite-
rion that defined the group. When fissions occurred, we
continued the follow by selecting the smaller or larger
subgroup as our focal in alternate experiments. Interindi-
vidual spacing was assessed at 10-min intervals, typically
producing one assessment per BDA period. Spacing was
based on a relative scale of modal distances among
dolphins in the group: �0.3 m, >0.3e2 m, >2e5 m,
>5e10 m, >10e50 m. The elevated shore station was an
excellent vantage for observing large-scale, group-level be-
haviour, therefore, the bias in path resolution among BDA
periods was not likely to be a problem for recording social
response variables.

Sample Size

We conducted a pilot study in 2000 to become familiar
with theodolite operation, ensure tracking consistency
and develop rigorous sampling protocols (34 days, 182 h).
Pilot study data were not included in analyses. In 2001e
2002, we conducted experiments at the impact site (80
days, 389 h) and the control site (20 days, 120 h).

We analysed 78 experiments in which dolphin behav-
iour and movements were recorded reliably through at
least the B and D periods: 49 and 29 experiments at
impact and control sites, respectively. In 37% of experi-
ments, A-period data were not obtained because of in-
terference or loss. We found no statistical difference
between experiments composed of BD versus BDA periods
(Student’s t test: t52 ¼ 0.46, P ¼ 0.65); thus, both types of
experiments were combined for analyses.
Please cite this article as: Lars Bejder et al., Interpreting short-term behavioural re
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Statistical Methods

We calculated the mean and standard deviation for
response variables per BDA period per site (Appendix,
Table A1). Summary statistics were based upon 134 and
71 BDA periods at impact and control sites, respectively,
with the exception of the response variable ‘group
spacing’. We eliminated group size of one dolphin from
analyses, resulting in 99 and 64 BDA periods at impact
and control sites, respectively.

We compared movement and behavioural variables
among BDA periods and between control and impact
sites. We used multivariate analyses (canonical variate
analysis and multivariate analysis of variance tests) to
summarize the data, identify patterns of response and
reduce the number of hypothesis tests performed, thus
minimizing the problem of multiple comparisons (Manly
1994). For the multivariate analysis of variance, we used
a mixed-model approach because some experiments
lacked A-period data. All response variables were normally
distributed within BDA periods, with the exception
of numbers of fissions and fusions. We normalized fission/
fusion data with a square-root transformation.

We assumed that each focal group was an independent
unit. An assumption of complete independence may not
have been fulfilled because some individuals were present
in more than one focal group (18 and 11 at impact and
control sites, respectively). However, the composition of
each focal group was different, so we assumed that each
group could be considered reasonably independent of the
others. In comparing response variables among periods
within experiments, each focal dolphin group provided its
own control, thereby minimizing environmental or site
influences.

Characteristics of Study Subjects

We targeted no more than 118 dolphins in experiments.
We identified 93 dolphins as individuals (41 and 52 at
impact and control sites, respectively); however, 6e25
dolphins were not identified (4e11 and 2e14, respec-
tively). We give the ranges for unidentified dolphins
because we could not always establish whether these
individuals had been observed more than once. Given
the extensive identification catalogue for Shark Bay
dolphins, unidentified animals were likely to be known
individuals whose identities were unconfirmed.

None of the individual dolphins involved in experiments
at the control site was involved in experiments at the
impact site and vice versa. Complete segregation of dolphin
subjects between sites validated our selection of experi-
mental sites. There was no difference between sites in the
sex (Fisher’s exact test: P ¼ 0.647) or age class (Fisher’s exact
test: P ¼ 0.462) of subjects. We defined age classes as calf
(dependent on mother), juvenile (weaning to adult) and
adult (males aged >15 years; known reproductive females
or females aged>13 years). There was also no difference be-
tween sites in focal group size per sampling period (Stu-
dent’s t tests: B: t52 ¼ �0.78, P ¼ 0.43; D: t57 ¼ �1.02,
P ¼ 0.32; A: t30 ¼ �1.33, P ¼ 0.20). Average group size per
sponses to disturbance within a longitudinal perspective, ANIMAL BEHAVIOUR
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period was 3.9 versus 3.4 (B), 4.0 versus 3.3 (D) and 4.5 ver-
sus 3.4 (A) at control and impact sites, respectively.

The complete segregation of individuals between sites
and the lack of differences in size and age/sex composition
of focal groups between sites meant that any observed
site-specific differences in dolphin responses to experi-
mental vessel approaches in the present study were
probably due to differences in the exposure to vessel
activity by dolphins in each area.

RESULTS

We conducted a two-way, repeated measures, multivariate
analysis of variance (R-MANOVA) to investigate how the
two predictor variables, site (control, impact) and period
(B, D, A), simultaneously related to the response variables
(Appendix 1, Table A1). Considering all response variables
for both sites combined, there was a significant difference
between BDA periods (F2,123 ¼ 4.27, P ¼ 0.01). There was
no significant difference between sites when sites were
considered alone (F1,76 ¼ 1.92, P ¼ 0.17); however, the dif-
ference between sites was significant when the interaction
term BDA*site was considered (F2,123 ¼ 3.64, P ¼ 0.02).
Thus, there was an overall difference in response variables
among BDA periods between the two sites.

To further explore those differences, we conducted
a canonical-variate (CV) analysis to identify which re-
sponse variables were most useful for discriminating
between BDA periods. We calculated CV scores for each
response variable and BDA period with data from both
sites combined. Eigenvalues indicated that the first ca-
nonical variate (CV1) described the greatest variability
among the means of all variables for the three periods, and
the second canonical variate (CV2) contributed little
towards this separation (eigenvalue ¼ 0.259 and 0.061
for CV1 and CV2, respectively). Therefore, CV1 was the
best discriminator of BDA periods and is the sole summary
measure of further interest. All of the following analyses
are based upon these CV1 values.

Numeric canonical loadings indicated the strength (di-
vergence from zero) and direction (positive or negative) of
the relationship between CV1 and each of the response
variables (Table 1). High canonical loadings indicated that
there were five variables with substantial influence on
CV1: these variables were related to sociality (group spac-
ing, numbers of fission and fusion events) and movement
consistency (SD of speed, average change in direction),
with group spacing having the greatest influence.

To examine responses among periods, we compared CV1
values per BDA period with both sites combined. The mean
CV1 value for the D period was significantly lower than the
means calculated for B and A periods (Student’s t test: DeB:
t120 ¼ 5.85, P < 0.000; DeA: t97 ¼ �4.71, P < 0.000; Fig. 2).
Thus, significant behavioural changes occurred during ap-
proaches (D) when compared with before (B) and after (A)
periods. A positive canonical loading for group spacing in-
dicated that groups were least dispersed when CV1 was
smallest (i.e. during approaches compared to before and af-
ter). Negative canonical loadings for the four other influen-
tial variables indicated that, during approaches, there were
Please cite this article as: Lars Bejder et al., Interpreting short-term behavioural res
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more fissions and fusions, and swimming speeds and direc-
tions were more erratic.

To compare duration of response between sites, we
calculated differences in the CV1 scores (D CV1) before
and during the approach (BeD) and before and after
approach (BeA) for each experiment. Under the null
hypothesis of no difference between two periods within
an experiment, the percentage of experiments in which D
CV1 was less than zero for BeD was significantly greater
than expected at both sites (chi-square test: control site:
95.6%, c2

11 ¼ 19:17, N ¼ 23, P < 0.0000; impact site:
74.2%, c2

3 ¼ 7:26, N ¼ 31, P < 0.0070). Negative D CV1
values represented a shift from B to D towards more fission
and fusion events, more compact group spacing and more
erratic swim speeds and directions. The percentage of ex-
periments with D CV1 < 0 from B to A was significantly
greater than expected at the control site but not at the im-
pact site (chi-square test: control site: 81.8%, c2

1 ¼ 4:45,
N ¼ 11, P ¼ 0.0348; impact site: 48.0%, c2

1 ¼ 0:044,

Table 1. Canonical loadings for the first canonical variate (CV1) with
substantial influences indicated in bold

Response variable CV1

Distance travelled 0.051
Average speed �0.064
SD of speed L0.372
Average change in direction L0.342
Number of fission events L0.365
Number of fusion events L0.398
Group spacing 0.725

B D A

Period
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Figure 2. First canonical variate scores (CV1) for focal groups of bot-

tlenose dolphins before (B), during (D) and after (A) experimental

vessel approach at both sites combined. Student’s t test was used
to compare mean CV1 values among BDA periods. Solid black bars

indicate mean values.
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N ¼ 23, P ¼ 0.83483). Thus, responses of dolphins at the
control site remained altered and did not resume pre-ap-
proach levels for up to 15 min after the experimental ves-
sel departed; whereas, impact-site dolphins did resume
pre-approach levels during the A period.

To further compare duration of response between sites,
we calculated differences between mean D CV1 values for
BeA periods. Mean D CV1 values for experiments at the
control site were significantly lower (�0.896) than those
at the impact site (0.089) (Student’s t test: t17 ¼ 2.36,
P ¼ 0.029; Fig. 3). This result is similar to the finding pre-
sented above, both showing that responses of dolphins
at the control site were longer lasting than those at the
impact site.

To compare the strength of response between sites,
we calculated differences between mean D CV1 values for
BeD periods. Mean D CV1 values for experiments at the
control site were significantly lower (�1.50) than those at
the impact site (�0.65) (Student’s t test: t48 ¼ 2.65,
P ¼ 0.011; Fig. 4). Thus, responses of dolphins at the con-
trol site were stronger than those at the impact site.

In conclusion, experimental vessel approaches elicited
changes in behavioural responses related to sociality and
movement consistency at both the impact and control
sites. However, behavioural changes were stronger and
longer lasting at the control site where dolphins seldom
experienced vessel activity.

DISCUSSION

Experimental vessel approaches elicited significant
changes in the behaviour of targeted dolphins when
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Figure 3. Between-site comparison of differences in D CV1 values for

focal groups of bottlenose dolphins before (B) and after (A) experi-

mental vessel approach. Student’s t test was used to compare
mean differences in D CV1 values between sites. Solid black bars in-

dicate mean values.
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compared with their behaviour before and after ap-
proaches. During approaches, focal groups at both sites
became more compact and had higher rates of change in
membership, reflecting changes in social measures, and
they had more erratic speeds and directions of travel,
reflecting changes in movement patterns. However, dol-
phins at the control site had stronger and longer-lasting
responses than those at the impact site. Elsewhere, vari-
ability in disturbance response has been linked to various
characteristics of targeted dolphins (e.g. sex: Williams et al.
2002; Lusseau 2003; age: Constantine 2001; group size:
Constantine et al. 2004); however, we found no differences
between sites in the age/sex composition or size of focal
dolphin groups. Thus, site-specific differences in behaviou-
ral response were probably due to differences in exposure
to vessels by dolphins residing in each area.

Effects of Disturbance on Sociality

For cetaceans, increased group cohesion has been
suggested as a means for group members to better track
each other’s movements, thereby accelerating reactions to
danger (e.g. Johnson & Norris 1986; Norris & Schilt 1988).
Cetaceans reportedly increase cohesion in the presence of
vessels (e.g. Denardo 1998; Bejder et al. 1999; Nowacek
et al. 2001; this study), and in contexts of presumed sur-
prise or threat (e.g. Whitehead & Glass 1985; Norris
et al. 1994). Increased cohesion has also been documented
as a response by terrestrial mammals to disturbance (e.g.
mountain goats, Oreamnos americanus: Foster & Rahs
1983; pronghorns, Antilocapra americana: Berger et al.
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Figure 4. Between-site comparison of differences in D CV1 values for
focal groups of bottlenose dolphins before (B) and during (D) exper-

imental vessel approach. Student’s t test was used to compare mean

differences in D CV1 values between sites. Solid black bars indicate

mean values.
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1983), and by schooling fish to predation threats (e.g.
Pitcher & Parrish 1993).

Effects of disturbance on group membership have not
been described previously for cetaceans. Unstable group
membership has been reported as a disturbance response
by terrestrial mammals (e.g. mountain goats: Foster &
Rahs 1983, Côté 1996; Sulawesi black macaques, Macaca
nigra: Kinnaird & O’Brien 1996). In some cases, separa-
tions enabled predators to prey upon unprotected off-
spring (e.g. Dall sheep, Ovis dalli dalli: Nette et al. 1984;
mountain goats: Côté & Beaudoin 1997; numerous species
of water birds: Carney & Sydeman 1999).

One benefit of group life is reduced risk of predation by
enhancing, for example, predator detection, individual
survival via dilution and confusion effects, and/or co-
operative defence (e.g. Hamilton 1971; Krebs & Davies
1993). In the context of the fluid, fissionefusion society
of coastal bottlenose dolphins (e.g. Wells et al. 1987;
Smolker et al. 1992), changes to grouping behaviour in re-
sponse to vessels might be considered unimportant. We
suggest that disruption of grouping behaviour, no matter
how short term, may have far-reaching repercussions for
species such as bottlenose dolphins that rely on long-
term, individually specific bonds (e.g. Connor et al.
1992; Smolker et al. 1992). For these species, social inter-
dependence may be important in reducing vulnerability
to shark predation, which has been suggested as a primary
determinant in the evolution of cetacean grouping behav-
iour (e.g. Norris & Dohl 1980; Wells et al. 1980; Norris
et al. 1994). For Shark Bay dolphins, whose risk of shark
predation is high (Heithaus 2001), frequent group
changes in response to vessels may result in smaller sub-
groups or split up mutually reliant associates, thereby es-
calating their predation risk.

Interpreting Short-term Behavioural
Responses to Disturbance within
a Longitudinal Perspective

Dolphins responded to experimental vessel approaches
at both sites but responses at the control site were more
dramatic. The moderated responses of impact-site dol-
phins might be interpreted to indicate that those dolphins
had become habituated to vessels in a region of long-term
vessel traffic. Behavioural habituation, defined as a reduc-
tion in response over time as individuals learn that there
are neither adverse nor beneficial consequences to a stim-
ulus (Thorpe 1963), is often considered a positive outcome
when people want to observe natural behaviour at close
range (e.g. Tutin & Fernandez 1991; Johns 1996). Thus,
concluding that impact-site dolphins had become habitu-
ated to vessel traffic would probably be taken to mean
that vessel-based, dolphin-watching tourism has had no
adverse effects on targeted dolphins.

There are, however, multiple mechanisms that can
result in moderated response to disturbance (Bejder
2005). For example, individual animals can learn that
there are no adverse effects from disturbance stimuli; ani-
mals can be injured or deafened by exposure to distur-
bance; animals can respond to ecological factors other
Please cite this article as: Lars Bejder et al., Interpreting short-term behavioural re
(2006), doi:10.1016/j.anbehav.2006.04.003
than the disturbance; or the more responsive individuals
of a community may not be present at the time of assess-
ment, for example, through displacement (Griffiths & van
Schaik 1993; Fowler 1999). These mechanisms all produce
habituation-like responses but only learning results in true
behavioural habituation (Bejder 2005).

Habituation has come into recent usage to refer to all
instances of moderated response without differentiating
among potential mechanisms; however, many claims to
habituation are actually based on measuring tolerance,
which is the intensity of disturbance that animals tolerate
at one point in time (Nisbet 2000). Confirmation that ha-
bituation has occurred requires longitudinal, sequential
measurements of individual responses to controlled stim-
uli (Nisbet 2000; Bejder 2005), a rigorous assessment that
is rarely used (but see, e.g. Tutin & Fernandez 1991; Johns
1996). In the present study, we did not measure a gradual
waning of response by individuals over time; therefore, we
cannot assume that impact-site dolphins were habituated
to vessels. Dolphins residing in the impact site showed
greater tolerance to vessels than control-site dolphins at
the time of this study, but our study design did not allow
us to distinguish among alternative mechanisms for their
moderated responses.

We were able, however, to evaluate the short-term
behavioural responses to experimental disturbance within
the context of long-term impacts of vessel activity on
dolphin abundance in Shark Bay (Bejder et al., in press).
Based on longitudinal, individually specific data, Bejder
et al. (in press) compared dolphin abundance in two adja-
cent sites during three consecutive 4.5-year periods
wherein vessel-based research was relatively constant but
vessel-based tourism increased from zero, to one, to two
dolphin-watching operators. In the Bejder et al. (in press)
study, the tourism site was equivalent in location but
larger than the impact site of the present study; an adja-
cent nontourism site was a region of low vessel traffic
but distinct from the control site of the present study;
and the long-term study period (1988e2003) encom-
passed the period of the present study (2001e2002).

In the Bejder et al. (in press) study, a nonlinear logistic
model demonstrated that when comparing periods with
no tourism and with one tour operator, there was no
change in dolphin abundance within the tourism site.
However, when the number of tour operators increased
to two, there was a significant average decline in dolphin
abundance within the tourism site (14.9%; 95% CI ¼
�20.8 to �8.23), equivalent to a decline of one per seven
individuals. Concurrently within the adjacent
nontourism site, there was a nonsignificant increase in
dolphin abundance (8.5%; 95% CI ¼ �4.0 to þ16.7).
Tour-vessel activity was identified as the main cause of de-
clining dolphin abundance. The local decline was not part
of an overall population decline because an opposite trend
occurred in the adjacent nontourism site, and the local de-
cline was not explained by ecological factors, which
would have had equivalent effects in the adjacent site.
Possible between-site differences in immigration or mor-
tality could not be discounted, and differential recruit-
ment via reproduction is under investigation (Bejder
2005). However, the findings indicated that the decline
sponses to disturbance within a longitudinal perspective, ANIMAL BEHAVIOUR
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in dolphin abundance in the tourism site was partly due
to the displacement of more sensitive animals away
from the area of disturbance. During the period of greatest
tour-vessel activity (1998e2003), dolphin abundance de-
clined in the tourism site and slightly increased in the ad-
jacent nontourism site, suggesting a long-term shift from
an area of higher to lower vessel traffic.

We can better interpret the short-term behavioural
responses to experimental vessel approaches in the con-
text of the long-term decline in dolphin abundance
(Bejder et al., in press). We suggest that the moderated
response of impact-site dolphins was not the result of
habituation to vessel activity. Instead, we propose that in-
dividuals sensitive to vessel-based dolphin-watching tour-
ism had departed the region prior to our study; thus, the
moderate response to disturbance probably resulted from
a biased sample in which one subset of the study popula-
tion was absent from the assessment (see also: Griffiths &
van Schaik 1993; Fowler 1999).

Implications for Wildlife Management

Wrongful application of the term habituation can mis-
lead wildlife managers to conclude that anthropogenic
activity has neutral, or even benign, consequences for
wildlife, and thus, can seriously undermine management
plans and conservation efforts. Moderation in the behav-
ioural response of wildlife to anthropogenic disturbance,
which is often taken to signify that behavioural habitua-
tion has occurred, may instead indicate that the more
sensitive individuals left the region of disturbance before
the onset of assessment. In the present study, in the
absence of a longitudinal perspective, the moderated
behavioural responses of impact-site dolphins to vessel
activity probably would be misconstrued to mean that
long-term vessel activity within a tourism region had no
detrimental effect on resident dolphins. Reversal of this
interpretation in light of supplementary, long-term in-
formation leads us to challenge the traditional assumption
that short-term behavioural responses are sufficient in-
dicators of the impacts of human disturbance on wildlife
(see also: e.g. Beale & Monaghan 2004b).

This does not mean that short-term behavioural assess-
ments have no value, only that behavioural responses to
disturbance must be interpreted with caution. Short-term
assessments conducted at specified intervals over periods
of years can be useful in detecting, for example, behav-
ioural change over time, and thereby, distinguishing
among mechanisms for responses resembling habituation
(or sensitization) (e.g. Constantine 2001; this study).

In the case of Shark Bay dolphins, we conclude that we
narrowly avoided the mistake of providing incorrect in-
formation to wildlife managers. This narrow escape is cause
for concern with respect to cetacean-watching tourism
worldwide. Cetacean-watching tourism is a growth indus-
try (Hoyt 2001), and there are many locales where tourist
demands are considerably greater than in Shark Bay (e.g.
British Columbia, Canada: Williams et al. 2002; Foote
et al. 2004; Bay of Islands and Fjordland, New Zealand: Lus-
seau 2003; Constantine et al. 2004; Port Stephens, Australia:
Please cite this article as: Lars Bejder et al., Interpreting short-term behavioural res
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Allen 2005; Hawaii, U.S.A.: Forest 2001). In contrast, there
are few locations other than Shark Bay where behavioural
responses to tourism can be evaluated within a longitudinal
perspective. Typically, studies of impacts of cetacean-
watching tourism are constrained to brief, one-time assess-
ments in which individual animals are not known. As
shown in the present study, these limited assessments
may result in incomplete or inaccurate conclusions as to
how tourism affects targeted animals. For cetaceans tar-
geted by tourism at locations where no longitudinal or
before/after data sets are available, we suggest that manage-
ment planning draw strong inference from the best-studied
sites, such as Shark Bay, where long-term, individually
specific information can be taken into account. Given the
complexities of assessing impacts of human activity on
wildlife, we advocate an adaptive management approach,
which eschews the one-final-solution strategy, and instead
enables managers to move forward in the face of uncer-
tainty, multiple variables, and/or incomplete information
about cause-and-effect relationships (e.g. Holling 1978;
Walters 1986). A tactical mix of brief, focused assessments,
in coordination with longitudinal observation at the best-
supported sites, seems a prudent way forward to devise
long-range, adaptive management plans to mitigate im-
pacts of tourism on targeted animals.
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Appendix

Table A1. Mean (�SD) responses of bottlenose dolphins before (B), during (D) and after (A) experimental vessel approach at sites with high
(‘impact’) and low (‘control’) vessel traffic

Response variable

Impact Control

B D A B D A

Average speed (km/h)* 2.70 (0.90) 2.64 (1.0) 2.76 (1.03) 2.91 (0.88) 2.92 (0.98) 3.12 (0.91)
SD of speed* 1.21 (0.63) 1.77 (2.17) 1.38 (0.71) 1.15 (0.57) 1.62 (1.47) 1.64 (1.12)
Distance travelled (km)* 0.68 (0.23) 0.70 (0.30) 0.71 (0.26) 0.67 (0.26) 0.74 (0.26) 0.80 (0.26)
Average change
in direction (0e180�)*

34.20 (19.43) 42.46 (23.32) 37.76 (19.55) 29.74 (23.70) 39.02 (22.23) 36.65 (16.69)

Number of fission events* 0.41 (0.57) 0.45 (0.58) 0.25 (0.44) 0.10 (0.31) 0.69 (0.71) 0.31 (0.59)
Number of fusion events* 0.43 (0.61) 0.57 (0.68) 0.17 (0.38) 0.28 (0.46) 0.55 (0.74) 0.31 (0.62)
Group spacingy 1.82 (1.21) 1.21 (0.59) 1.63 (1.18) 2.40 (1.08) 1.58 (0.86) 1.92 (0.98)

*Number of periods 49 49 36 29 29 13
yNumber of periods 38 34 27 25 26 13
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