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A global review of tourist visitation and expenditures associated with whale and
dolphin watching industries indicated that the industry attracted 13 million tourists
in 119 countries and contributed US$ 2.1 billion to the global economy in 2008
(O’Connor et al. 2009). O’Connor et al. (2009) indicated that nine of the 10 coun-
tries with the fastest rate of whale and dolphin watching industries were developing
countries.
Whale and dolphin watching is not without risks to targeted populations. In the

short-term, the behavior of some dolphin species changes when the number of boats
around a school increases (Lusseau 2003, Constantine et al. 2004, Christiansen et al.
2010). The presence of tour boats may alter the path of travel (Williams and Ashe
2007) and even force the animals to dive to avoid the boats (Schaffar et al. 2013).
Interactions with dolphin watching boats may also decrease time spent foraging
(Christiansen et al. 2013). In addition, dolphin watching may eventually partially
displace the target population from key habitats, as demonstrated during a 19 yr
research study in Shark Bay, Western Australia (Bejder et al. 2006).
Marine mammal experts have become increasingly concerned about the need to

regulate whale and dolphin watching activities (Orams 2000, Brownell and Oosthui-
zen 2004, Constantine et al. 2004, Corkeron 2004, IWC 2009), leading researchers
to attempt to measure the impact of viewing (and swim-with) tourism on cetacean
populations. In choosing an appropriate research design (see Bejder and Samuels
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2003), researchers must consider whether the measured activities contribute to short-
term or long-term changes in the population and possible confounding factors. If
such factors are not taken into account, measuring changes becomes extremely diffi-
cult and incontrovertible evidence of anthropogenic impacts even harder to obtain.
Measuring both short- and long-term impacts from tourism on dolphin behavior

can be challenging. Short-term impacts, e.g., changes in surface times, dive patterns,
and behavioral states are easier to measure than longer-term impacts (Williams et al.
2002, Bejder and Samuels 2003, Williams et al. 2006, New et al. 2013). However,
long-term data are required to confirm that the anthropogenic activities directly con-
tribute to long-term changes in a cetacean population (e.g., habituation, habitat utili-
zation, changes in vital rates, and reproductive success (Bejder et al. 2006, Lusseau
and Bejder 2007, Christiansen et al. 2013). The influence of confounding factors is
difficult to measure, particularly when historical data are not readily available and
experimental manipulations are not possible. In addition, the robust experimental
designs required to measure the ecological impacts of whale and dolphin watching
can be impossible to implement in places where funding, infrastructure, and capacity
are limited and baseline data unavailable.
Lovina in Bali (Indonesia) epitomizes many of these problems. There are growing

concerns over the likely impacts of dolphin watching at this important site but there
are numerous practical difficulties for researchers attempting to measure such
impacts. Established in the late 1980s by local artisanal fishers, Lovina (Bali) was the
first dolphin watching site in Indonesia (Hoyt 2001, Mustika 2011). This lucrative
industry depends on predictable access to coastal dolphins. Between 2007 and 2010,
up to 179 colorfully painted, dedicated, traditional fishing vessels (jukungs) were
available to take passengers to watch dolphins, particularly dwarf spinner dolphins
(Stenella longirostris roseiventris). These dolphins are predictably found 3–4 km from
shore (Mustika et al. 2013). On average, ~35 tour boats from four dolphin associa-
tions operated for <3 h each morning; up to ~100 tour boats per day operated during
the season of high tourism visitation (June to October). Tour boats generally out-
numbered dolphins in an encounter (median dolphin-to-boat ratio = 0.8:1) (Mustika
2011). During the scan samplings, up to 81 boats (median = 16, interquartile range =
8–30) were observed at once in the vicinity of dolphin schools.
We attempted to evaluate the level of disturbance from the dolphin watching

industry in Lovina, using conventional techniques including line transect and point
surveys (Buckland et al. 2004), scan sampling, and focal boat follows (Altmann
1974). However, we could not meet the requirements of an acceptable experimental
research design that uses a control group to evaluate the ecological impact of dolphin
watching. We could not find a significant cluster of accessible dolphins without tour
boats, making controls impossible. We modified the scan sampling design suggested
by Altmann (1974) to obtain systematic standardized snapshots of the behavior of
the boats in the vicinity of the dolphins. We compared these data with the Australian
whale and dolphin watching guidelines (Department of the Environment and Heri-
tage 2005, Carlson 2010).
Sampling started when at least one dolphin was sighted and there was at least one

boat responding to the dolphin(s). We scanned the interactions for a maximum of
one minute (referred to as one “scan effort”) to capture the behaviors of the five tourist
boats closest to the dolphin(s) when a dolphin (or a school of dolphins) appeared. The
information recorded was encounter fleet size (i.e., the number of boats around a
school of dolphins within a 150 m radius), the dolphin species, the observed number
of dolphins of each species, the behaviors of the five closest boats (Table 1), and the
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distances between each of the five closest boats and the dolphins. We also recorded
the identity of the five closest boats based on boat name (not always available) or the
coloration of the boats (if names were not visible). We estimated the distances
between boats and dolphins using the span of the boat’s two outriggers (5 m) or boat
length (10 m) as the standards. We recorded only one approach per vessel to a partic-
ular school of dolphins. However, the same vessel could be recorded multiple times if
it engaged in another encounter with a different school of dolphins.
We used a local dolphin tour boat as our research vessel which limited our research

to the early morning when the sea was calmest (the boat did not engage in dolphin
watching while we were on board). If two encounters occurred simultaneously, our
team also recorded the distance of the second encounter from the research vessel, the
number of tourist boats and, if possible, the species and the number of dolphins
detected. However, the complete scan sampling recording was conducted only on one
focal dolphin school at a time. The research vessel typically remained stationary with
its engine off during scan sampling, unless the sea state was above Beaufort 3 (7% of
total efforts).
We compared our data from Lovina with the Australian standard which accords

with 75% of the international best practice standards for whale and dolphin watching
tourism (sensu Carlson 2010, also see Table 2).2 The Australian standard bans all ves-
sels from entering a No Approach Zone, defined as all the area within 50 m in front
of, parallel to or behind a school of dolphins. The regulation permits up to three boats
in the Caution Zone, defined as the zone within 50–150 m on the sides of the dolphin
school (Fig. 1).
We grouped our observations into the high tourism visitation season (“High Sea-

son,” June to October) and the low tourism visitation season (“Low Season,” Novem-
ber to May). We used the Australian whale and dolphin watching guidelines

Table 1. Categories of boat behaviors used in the dolphin research off Lovina (modified
from Allen et al. 2007).

Category Explanation

Chase with speed faster
than the cetaceans

Boat heads straight at cetacean school at a speed that
exceeds that of the cetaceans but stops before the school

Approach with speed slower or
the same as the cetaceans

Boat approaches cetacean school but stops before
the school, not speeding

Circle to the front of the
cetacean school

Boat travels to the front of the cetacean school in a
semicircling movement

Parallel with the cetacean school Boat runs parallel within 150 m of the cetacean school
Driving or cutting through
the cetacean school

Boat speeds straight to and then through the
cetacean school

Following the cetaceans Boat follows the cetaceans from behind
Stationary with engine
on (neutral gear)

Boat relatively stationary within 150 m of the
cetacean school, engine on

Stationary with engine off Boat relatively stationary within 150 m of the
cetacean school, engine off

Searching for cetaceans Boat searches for cetaceans

2Out of 12 countries or territories in Table 2 that provided the minimum distance for dolphin watch-
ing, 75% of them used 50 m for the No Approach Zone.
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(Department of the Environment and Heritage 2005, Carlson 2010) to categorize the
boats into those that did or did not exhibit “behaviors of concern.” A boat exhibiting
“behaviors of concern” was one that sped towards the school, cut through or blocked
the dolphins’ line of travel up to 150 m from the dolphins. Boats that followed the
dolphins from behind were excluded in the overall analysis because of the difficulties
in measuring the angles between the dolphins and the boats. This omission is likely
to have resulted in an underestimation of boat intrusions by an unknown amount.
During 175 scan sampling efforts over 36 d, examination of the boatmen’s conduct

indicated that the operations at Lovina violated Australian standards. On average,
approximately 40% of observed boatmen (2.1 of the five closest boats) deliberately
came closer than the recommended 50 m minimum approach distance. A total of 64
boats (64.7% of the 99 identified boats) were observed speeding, cutting through, or
blocking the dolphin’s route at least once during the scan sampling days.
Almost 30% of the closest boats were stationary, while about 21% of the moving

boats exhibited “behaviors of concern” (n = 161 scan efforts). The active (nonstation-
ary) tourist vessels came very close to the dolphins, especially in the High Season
(Fig. 2). The median distance of the closest active boat in each scan was 20 m (inter-
quartile range = 10–30 m, range = 0–100 m, n = 83 scan efforts) in the High Season
and 30 m (interquartile range = 20–50 m, range = 5–125 m, n = 72 scan efforts) in
the Low Season. There was a significant seasonal difference; the closest active boats
were much nearer the dolphins in the High Season when there were more boats
around (nonparametric median test two-tailed P = 0.000, n = 155 scan efforts).
Two other ways of measuring boat crowding were also used. In both seasons, the

median distance of the five closest active boats was within the “No Approach Zone”
defined by Australian regulations (High Season median = 30 m, interquartile range =
15–40 m, range 0–125 m, n = 83 scan efforts; Low Season median = 50 m, interquar-
tile range = 30–75 m, range 10–150 m, n = 72 scan efforts; Fig. 2). A significant

Figure 1. The Australian national guidelines for dolphin watching used as the standard to
evaluate dolphin watching off Lovina (Department of the Environment and Heritage 2005;
reproduced with written permission).
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seasonal difference was detected (nonparametric median test two-tailed P = 0.000,
n = 155 scan efforts); the median distance of the five closest active boats was
significantly closer to the dolphins in the High Season than in the Low Season.
In the High Season, even the furthest of the five closest active boats was typically

within the Australian “No Approach Zone” (median = 40 m, interquartile range =
20–50 m, range 1–150 m, n = 83 scan efforts). However, the situation was different
in the Low Season when the furthest of the five closest active boats was usually out-
side the “No Approach Zone” (median = 80 m, interquartile range = 50–100 m,
range 10–150 m, n = 72 scan efforts; Fig. 2). A significant seasonal difference was
detected (nonparametric median test two-tailed P = 0.0005, n = 155 scan efforts)
with High Season boats tending to approach the dolphins more closely compared
with the Low Season boats.
Most boats were engaged in behaviors recommended by the Australian best prac-

tice guidelines, and thus were likely to have little impact on the dolphins; e.g.,
approaching (48% of such behaviors) or following the dolphins at a speed not greater
than that of the dolphins (14%). Nonetheless, some of the five closest boats were seen
speeding towards a dolphin school (69.5% of “behaviors of concern”), cutting
through (24.2%) or blocking the dolphin’s line of travel (6.3%). On almost every
occasion, one of the five closest active boats was seen conducting such behaviors (med-
ian = 0.8, mean = 0.9, SE � 0.16, n = 36 d). No significant difference was detected
between seasons (two-tailed Mann-Whitney independent sample test P = 0.188, n =
36 d).
We used the scan data to investigate vessels that repetitively exhibited behaviors of

concern. We identified 64 vessels that displayed “behaviors of concern” at least once.
A total of 37.5% of those vessels (24 boats) were observed exhibiting “behaviors of
concern” more than once. One persistent offender exhibited “behaviors of concern”
six times in six different efforts on four different days. The number of boats that

Figure 2. Comparison of the median approach distances of the tourist boats off Lovina with
the Australian National Guidelines for Whale and Dolphin Watching 2005. The data are
based on scans of the five active tourist vessels closest to dolphins encountered off Lovina. The
values above each bar are median distance (m).
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exhibited “behaviors of concern” was positively correlated with encounter fleet size
(P = 0.000, Pearson r = 0.283), suggesting that the drivers were more likely to com-
pete with each other to gain closer access to the dolphins when more vessels were
clustered around a school. Evidence suggests the behavior of the closest boat is related
to the behavior of the farthest boat (Pearson chi-square P = 0.002, df = 1, Cramer’s V
P = 0.245, n effort = 161). Furthermore, the data suggest that if the closest boat was
interfering, the farthest boat was also more likely to interfere. However, if the closest
boat was not interfering, then the farthest boat was more likely to not interfere. This
finding suggests that competition exists among adjacent vessels to place their passen-
gers close to the dolphins and bad driving behaviors by the closest boatmen could
induce this tendency in others.
We examined the scan sampling data to see how many boats actively approached

dolphins in the “No Approach Zone” (0–50 m) and “Caution Zone”(50–150 m) of
the Australian regulations. Slightly more boats were observed to actively approach
the dolphins into the “No Approach Zone” in the High Season (2.3 boats, SE �
0.17, range = 0–5, n = 97 scan efforts) compared with the Low Season (1.9 boats, SE
� 1.66, range = 0–5, n = 78 scan efforts), but the difference was not significant at the
5% level (Mann-Whitney independent sample two-tailed test P = 0.071, n1 = 97
efforts, n2 = 78 efforts).
The number of High Season boats that deliberately ventured into the “Caution

Zone” was significantly different from that in the Low Season (Mann-Whitney inde-
pendent sample two-tailed test P < 0.0005, n1 = 97 efforts, n2 = 78 efforts), with
fewer boats in the High Season (0.3 boats, SE � 0.06, range = 0–3) compared to the
Low Season (1.4 boats, SE � 0.16, range = 0–5). We suspect that this observation
was largely due to most of the boats concentrating tightly around the dolphins and
in the “No Approach Zone” during the High Season.
Occasionally, one of the five boats sampled was observed to engage in “behaviors of

concern” in the “No Approach Zone” (mean 0.6, SE � 0.07, range = 0–4, n = 175
scan efforts). We suspect the low frequency of “behaviors of concern” in the “No
Approach Zone” was because of the very restricted space available to maneuver the
boats in this zone (50 m radius) without collision. No significant differences were
detected between seasons (Mann Whitney independent sample two-tailed test P =
0.687, n = 175 scan efforts). These data are underestimates as they were based on the
five closest boats only.
The mean encounter fleet size at Lovina was 15.6, which makes the total mean

observed number of boats (stationary and active) in the “Caution Zone” 10.6 (with
the other five in the “No Approach Zone”). Thus, the number of boats in the “Cau-
tion Zone” in Lovina was at least three times higher than the Australian standard of
three vessels per encounter.
These results demonstrate that the behaviors of the boats at Lovina did not accord

with Australian best practices. Although we could not prove the causal effect of this
best practice violation, we inferred from other studies that this situation was likely to
have adverse impacts on the dolphins at Lovina. For instance, Constantine et al.
(2004) studied common bottlenose dolphins (Tursiops truncatus) in the Bay of Islands
in New Zealand. Significantly reduced resting times for dolphin in schools of sizes 2–
10 and 11–20 were associated with exposure to four or more tour boats, or less than
17% of the average encounter fleet size at Lovina, even in the Low Season. In 1998 a
dolphin watching guideline for Zanzibar was proposed that placed a limit of a maxi-
mum of two boats per school of bottlenose dolphins for a maximum 30 min encoun-
ter (Stensland and Berggren 2007, Carlson 2010). Surveys had indicated that
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violations of the guidelines and increased tourism activities resulted in the dolphins
spending more time traveling and less time resting, foraging, and socializing (Stens-
land and Berggren 2007, Christiansen et al. 2010).
Our results also support parallel investigations into the socio-economic sustainabil-

ity of the industry at Lovina, which indicated that the passengers were dissatisfied
with the boatmen’s driving behavior (Mustika et al. 2012). Given that the excessive
number of boats and extreme proximity to the dolphins is likely to lead to behavioral
changes (Constantine et al. 2004, Stensland and Berggren 2007, Christiansen et al.
2010), our results reinforce the need to engage the boatmen and other stakeholders in
improving industry practice. Our discussions with stakeholders suggest that adverse
comparison with an example of international best practice was a powerful reason for
change (Mustika 2011). The designation of Lovina as a marine park to protect the
dolphins in late 2011 has provided a mechanism for further negotiations, because a
sustainable management plan is mandatory for park-based tourism in Indonesia
(MMAF 2010). Discussions have already occurred between the local government and
several NGOs, e.g., Conservation International and Reef Check Indonesia, to better
train the boatmen to improve the sustainability of their current tourism practices by
reducing the impacts on the dolphins.
The rapid assessment technique described in this note should be applicable to dol-

phin watching industries in other developing countries/regions, where baseline data
are not available, controls are difficult to establish, infrastructure and capacity are
limited, and long-term funding unlikely. When these countries/regions develop their
guidelines, we suggest that they adapt best practices from other countries to the local
context and target species.
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