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ABSTRACT
Tourism targeting cetaceans near Kaikoura, New Zealand began in the late 1980s and
five commercial operators offer tours to swim with or view pods of dusky dolphins. These
dolphins are part of a large, mobile population of dusky dolphins found around the southern
New Zealand coast. The New Zealand Department of Conservation commissioned a study in
the mid-90s (Barr and Slooten 1999) examining the effects of tourism on dusky dolphins, and
placed a 10-year moratorium on new permits. This study was designed to evaluate the shortand long-term effects of tourism on dusky dolphins by collecting current data and comparing
it to data collected by previous researchers. It was also timed to provide further
recommendations for management of this activity at the end of the 10-year moratorium.
Focal group follow methods were used to track movement and behaviour of large
pods of dusky dolphins from a shore station, and the number of water entries (swim drop) and
length of time swimmers spent in the water were collected onboard tour vessels. Behaviour
and movement of dusky dolphins was variable by season and time of day, sophisticated
analytical techniques accounted for this variability and described responses of dolphins to
vessels. Dolphins spent less time resting and socialising and more time milling when vessels
were present. Bout lengths for all behavioural states except milling were significantly
shortened in the presence of vessels. Group swimming speed slowed as the number of
vessels present grew, and all leap types except porpoising increased. The magnitude of
changes grew as the number of vessels present rose, but was not highly dependent on vessel
type. More than three vessels were present in 2.0% of observations. During the midday rest
period, vessels were within 300 meters of dolphins 25.8% of observations. When the number
of swim-tour vessels increased from two to three, there was a significant increase in the
number of swim drops required and a corresponding significant decrease in the length of each
swim drop.
Comparison with data collected by other researchers indicated that responses of dusky
dolphins to tourism vessels have grown over time, from prior to the advent of tourism (19841988), during the growth of tourism (1993-1999), until the present (2008-2010). Resting has
significantly decreased, while milling has increased. Group swimming speeds have
decreased. No large-scale habitat shift has occurred, though there may be fine-scale shifts
toward shallower water and southward.
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Responses of dolphins have grown in magnitude, an indication that the animals are
less tolerant of vessel traffic than in the past. Because this study examined group behaviour,
it is not clear if lowered tolerance is due to individual sensitisation, disinterest, or a general
response to increased boat traffic. The potential short-term effects of the reported responses
include changes in energy expenditure (positive or negative), reduced ability to communicate,
displacement from preferred habitat, and increased exposure to predators, but it is not
apparent that any of these effects are occurring. Chronic exposure to disturbance has been
linked to habitat displacement and reduced reproductive success in bottlenose dolphins, so
the results described here indicate there is potential for population-level impact on dusky
dolphins. Research into the mechanism of disturbance is proposed, to determine whether
acoustic masking of dolphin vocalisations is occurring. The physiological effects of
behavioural changes must also be investigated. The energetic cost of changes in behavioural
state should be quantified, and research is needed to determine if stress hormone levels
increase in the presence of tourism vessels. In order to determine if reproductive success is
affected by vessel traffic, individual levels of exposure must be quantified, and correlated
with pregnancy and birth rates. Better population estimates are needed to evaluate whether
population-level effects are occurring, and aerial survey work around New Zealand is needed.
Local abundance near the tourism area should also be tracked to see if habitat displacement
occurs.
Limits of Acceptable Change (LAC) were initially developed to manage visitor
numbers within the national park system in the United States. Managers recognised the
ecological impact that large numbers of visitors had on the park, and devised a system which
established limits which would allow the maximum number of visitors but not degrade the
resource. This system was adopted by wildlife managers, and is dependent upon setting
threshold LAC parameters which are based on measureable limits of change. The work
proposed above is needed to establish meaningful levels at which biologically significant
change occurs. These threshold values should be established as the (LAC) for management
of this activity. A consistent 5-year cycle should also be set for re-evaluation of responses of
dusky dolphins relative to the LAC criteria. Annual data collection should be established to
continue building the long-term time-series data needed to evaluate LAC criteria. Shorebased observations of tourism vessels should be used to enhance monitoring of operations for
compliance with regulations. In 2010, changes to permit conditions were instituted which
included limits on the number of swim drops per tour, an increase in the number of swimmers
allowed per tour, and mandatory observance of the midday rest period. If these changes do
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not succeed in reducing vessel traffic near dusky dolphins, managers must consider reducing
the number of commercial permits or the number of vessels allowed within 300 meters until
appropriate LAC criteria are established.
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CHAPTER 1
Introduction1
Tourism
Tourism is a massive and growing set of industries, with estimates of receipts for
international tourism topping $900 billion USD in 2010 (United Nations World Tourism
Organization (UNWTO) 2011). Globally, domestic tourism may account for as much as ten
times as much spending as international tourism (UNEP/CMS 2006). The number of
international tourist arrivals was estimated at 935 million in 2010, with a long-term growth
rate of 4% per annum (UNWTO 2011). Despite a decrease in 2009, numbers have rebounded
and members of the UNWTO Panel of Experts expect continued growth (UNWTO 2011).
Nature-based tourism
Nature-based tourism has grown at a faster rate than the overall industry (Reynolds
and Braithwaite 2001), indicating strong public interest in interacting with the natural world.
This form of tourism is often marketed as ecotourism, though it may or may not be
ecologically friendly. While tourism marketing may imply that virtually all nature-based
activities are ecotourism, some in the scientific community espouse the belief that true
ecotourism has goals that are impossible to achieve (Orams 1995). Most definitions fall
somewhere in between, with Valentine (1993; pg. 108) offering definition with four
requirements:
“Ecotourism is restricted to that kind of tourism which is: (a) based on relatively
undisturbed natural area; (b) non-damaging, non-degrading, ecologically sustainable; (c) a
direct contributor to the continued protection and management of the natural areas used; (d)
subject to an adequate and appropriate management regime.”
Most nature-based tourism meets the first requirement, but often that which is billed
as ecotourism fails to meet one or more of the other requirements. If tourism develops at a
local level prior to scientific evaluation and development of management protocol, the
resource is often not protected, management is inadequate, lax, unenforced, or non-existent,
and the resource may suffer negative effects (Roe et al. 1997, Shackley 1998, Stensland and
Berggren 2007). The odds are stacked toward preservation of the livelihood of humans rather
than preservation of the resource.
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Unsustainable tourism is presumably the opposite of what ecotourists desire. Duffus
and Dearden (1990) described a model which predicts the change in number and type of
tourist partaking in an activity as it grows from infancy to maturity (Figure 1). At the
beginning, tourists are typically experts or specialists, highly skilled and knowledgeable
about the activity. It is more likely that the activity is sustainable, as numbers are smaller and
more easily managed. Over time, as the activity grows and expands, the skill level and
knowledge of the participant decreases (Catlin and Jones 2010) and it is much more difficult
to maintain sustainable practices. Unfortunately, research and management are often not
considered until this stage is reached, and without appropriate baseline data and Limits of
Acceptable Change (LAC) established (Duffus and Dearden 1990), it is difficult or
impossible to manage the long-term effects of the activity. Additionally, as ecotourism has
grown and spread worldwide (O’Connor et al. 2009), it is being established in areas where
standards for respect and appreciation of wildlife may or may not equal those of the
developed world, and the model described by Duffus and Dearden (1990) may not be
appropriate. Wildlife management concepts which are well-known and well-accepted in the
developed world may be contrary to local beliefs in areas where the greatest growth of
wildlife tourism is occurring. Overcoming culturally-based acceptance of the use of wildlife
as entertainment without regard for the well-being of the focal species is an issue that wildlife
managers must face in order to fulfill their duties.
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Figure 1. The relationship of user specialisation and site evolution. Adapted from
Duffus and Dearden (1990, p 223). LAC I represents the maximum number of users
which can be maintained with little to no effect on the site. LAC II is a limit which
allows some sustainable effect on the resource, while LAC III represents the maximum
beyond which the activity can no longer be sustained.
Animal-oriented tourism
Animal-oriented tourism is a large sub-class of nature-based tourism, perhaps as much
as 20-40% of all nature tourists (Reynolds and Braithwaite 2001). Activities range from a
fiscal low end of bird-watching at a local park all the way up to a fully-guided multi-week
African safari (Sindiga 1995) costing thousands of dollars. They may be consumptive
(hunting, fishing) or non-consumptive (viewing), and may focus on captive, semi-captive, or
wild animals (Duffus and Dearden 1990). Target species range from small invertebrates to
large vertebrates, but generally are charismatic and reliably accessible.
Tourists are motivated to undertake this form of tourism for complex, personal
reasons which vary according to the individual (Eubanks et al. 2004, Cloke and Perkins
2005). Wildlife tourists may be serious or casual in their methods of seeking out interactions
with animals, the amount of knowledge with which they equip themselves, and the amount of
money they are willing to spend to achieve their goal (Curtin 2010). Those who consider
themselves serious often form communities with an interest in particular types of tourism,
with shared language, code of conduct, equipment, knowledge, and other aspects of culture
(Curtin 2010). The key to a successful experience for the majority of these tourists involves
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appreciating the beauty of seeing animals in their natural habitat, up-close, behaving naturally
(Shackley 1996, Moscardo and Saltzer 2004). Casual wildlife tourists may not give much
consideration to the target species beyond the few hours spent on a wildlife tour in the midst
of a much larger holiday. Wildlife is often viewed as a resource to be used as entertainment,
with little or no thought given to effects the activity may have on the animals or their habitat
(Moscardo and Saltzer 2004).
Rising demand for interactions has lead to tourism to include a huge variety of
terrestrial and marine animals, including glow worms (Arachnocampa luminosa, Pugsley
1984), whale sharks (Rhincodon typus, Davis et al. 1997, Catlin and Jones 2010), stingrays
(Dasyatis americana, Shackley 1998, Newsome et al. 2004), sea turtles (Chelonia mydas,
Jacobson and Lopez 1994, Tisdell and Wilson 2000, Wilson and Tisdell 2001), cranes (Grus
canadensis, Burgher and Gochfeld 2001), penguins (Spheniscus magellanicus, Fowler 1999,
Megadyptes antipodes, McClung et al. 2004), royal albatrosses (Diomedea sanfordi, Higham
1998), mountain gorillas (Gorilla beringei beringei, Shackley 1995), polar bears (Ursus
maritimus, Lemelin 2006), manatees (Trichechus manatus latirostris, Shackley 1992, Sorice
et al. 2005), pinnipeds (Arctocephalus forsteri, Boren et al. 2002, 2008), and whales and
dolphins (Hoyt 2001, Orams 2004, O’Connor et al. 2009).
Cetacean tourism
Cetacean-watching activities have outpaced the growth of other forms of wildlife
tourism in the past decade, resulting in global revenues of greater than US$2.1 billion p.a.
from more than 13 million participants in 2008 (O’Connor et al. 2009). The charismatic
appeal of these large mammals has translated into a successful and growing industry, despite
the difficulties in accessing and viewing life in the sea. There are now more than 3000
whale-watching operations in 119 countries, employing over 13,000 people (O’Connor et al.
2009). Projections indicate that there is still substantial room left for growth in the industry
(Cisneros-Montemayor et al. 2009).
In the early days whale-watching was generally viewed as an economic replacement
for whaling activity and few questions were asked about effects this new industry might have
on animals. Questions of sensitisation, displacement, reduced fitness, increased sound levels,
and long-term effects of stress were not considered, since any harm inflicted upon animals
was believed to be miniscule relative to hunting (O’Connor et al. 2009). At small scales,
potential long-term effects may seem insignificant and public perception of such tourism is
often that it is low-impact and sustainable, but questions remain regarding widespread, high-
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intensity tourism and potential effects on health and well-being of wild cetacean populations
(Constantine 2001). As the industry has grown, the increased number and size of vessels and
the repetitive, up-close nature of encounters have generated substantial interest within the
scientific community in determining effects of tourism on cetaceans and whether the activity
is ecologically sustainable (IFAW et al. 1995, IWC 1996, Hoyt 2007).
Subsequently, research has demonstrated a variety of short-term effects on cetaceans
in the presence of vessel traffic, including changes in swimming speed and direction (Kruse
1991, Au and Green 2000, Nowacek et al. 2001, Williams et al. 2002, Scheidat et al. 2004,
Lundquist 2007, Stensland and Berggren 2007), habitat use (Briggs 1991, Bejder et al. 1999,
Bejder et al. 2006b, Timmell et al. 2008, Courbis and Timmell 2009), communication (Yin
1999, Scarpaci et al. 2000, Erbe 2002, Buckstaff 2004), distance between individuals (Blane
and Jaakson 1994, Bejder et al. 1999, Nowacek et al. 2001, Bejder et al. 2006a), respiration
and dive characteristics (Gordon et al. 1992, Au and Green 2000, Nowacek et al. 2001,
Jahoda et al. 2003, Richter et al. 2003), and behaviour (Janik and Thompson 1996, Barr and
Slooten 1999, Trites and Bain 2000, Constantine 2001, Lusseau 2006, Bejder et al. 2006b,
Dans et al. 2008, Stockin et al. 2008, Lusseau et al. 2009).
Short-term effects, however, may or may not lead to long-term impacts, and in fact
may lead to mistaken conclusions (Beale and Monaghan 2004). Drawing ties between shortterm behavioural effects and long-term population-level impacts on cetaceans is a critical but
difficult task for logistical, bureaucratic, and political reasons. Animals are often difficult to
identify, approval may not be obtained to tag or sample individuals, observation conditions at
sea are difficult, funding for long-term studies is a constant struggle, and experimental
controls typically do not exist. Despite these challenges, there are now an increasing number
of studies providing insights useful for management and conservation efforts.
Bejder et al. (2006a, 2006b) highlighted the difficulty of drawing conclusions from
short-term responses, and showed an apparent movement of tourism-sensitive dolphins from
an area of high boat traffic to an area of low boat traffic. Lusseau (2003, 2004, 2005, 2006)
and Lusseau et al. (2006) linked boat traffic to a host of short- and long-term reactions,
including horizontal avoidance, area avoidance, and declining populations. Subsequent
research suggested that tourism is not the sole cause of this decline, but rather just one of
several important anthropogenic effects (Currey et al. 2009, 2010), demonstrating the
difficulty of ascertaining the source of observed changes. Weinrich and Corbelli (2009)
studied humpback whales (Megaptera novaeangliae) targeted by tourism on their feeding
grounds off Southern New England, and found suggestions that females already alive when
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tourism began might be more susceptible to impacts than others, though there was no
correlation between whale-watch exposure and calf production or survival in the overall
population. These and other studies led the whale watching sub-committee of the Scientific
Committee of the International Whaling Commission to declare “there is new compelling
evidence that the fitness of individual odontocetes repeatedly exposed to cetacean watching
vessel traffic can be compromised and that this can lead to population effects.” (IWC 2006, p.
47). Moreover, the sub-committee added “…in the absence of [these] data it should be
assumed that such effects are possible until indicated otherwise.” (IWC 2006, p. 47).
New Zealand cetacean tourism
New Zealand has more than matched the rapid worldwide growth in cetacean-focused
tourism, with the number of permitted tour operators increasing from zero to 86 since the late
1980s (reviewed by O’Connor et al. 2009). The number of participants grew from 230,000 in
1998 to almost 550,000 in 2008, an annual growth rate of 9% (O’Connor et al. 2009). Direct
and indirect expenditures totaled over US $80 million in 2008 (O’Connor et al. 2009).
A strong base of research into short-term behavioral responses of cetaceans to tourist
activity has developed in New Zealand in conjunction with the growth of the industry.
Research has demonstrated that Hector’s dolphins (Cephalorhynchus hectori) alter habitat
use, move closer together, respond to the use of auditory stimuli and become more active
(Bejder et al. 1999, Nichols et al. 2001, Martinez et al. in press) in the presence of vessels,
and may be at an increased risk of boat strikes due to larger numbers of vessels (Stone and
Yoshinaga 2000). Similarly, common dolphins (Delphinus sp.) altered their behavioural
budget, reducing foraging and resting and increasing traveling and milling behaviour in the
presence of boats (Constantine and Baker 1997, Neumann and Orams 2005, Stockin et al.
2008). Researchers have described how bottlenose dolphins (Tursiops truncatus) in Doubtful
and Milford Sounds altered their dive behavior (Lusseau 2003), moved from areas where
activities were occurring (Lusseau 2004), and changed residency patterns (Lusseau 2005) in
response to vessel traffic. Effects were of a smaller magnitude when vessels were driven
according New Zealand Department of Conservation (DOC) guidelines (Lusseau 2006),
indicating that motor noise may be a key element in these interactions. MacGibbon (1991)
described changes to sperm whale (Physeter macrocephalus) respiration, dive, and surface
timings in the presence of whale-watch boats, while Gordon et al. (1992) and Richter et al.
(2003) found that individual whales exhibited different levels of tolerance for boats. Dusky
dolphins (Lagenorhynchus obscurus) off Kaikoura vocalised more often and increased
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activity levels when swimmers were present (Yin 1999), increased aerial activity and
decreased inter-individual distance (Barr 1997, Barr and Slooten 1999), and moved away
from the direction in which tour boats approach (Brown 2000, Markowitz et al. 2009). The
behavioural budget of dusky dolphins was altered in the presence of tour boats, with less time
spent resting and socialising and more time spent traveling and milling, with the magnitude
of effects increasing with increasing number of boats present (Markowitz et al. 2009).
Long-term effects of current levels of tourism on dolphins are generally unknown,
despite all we have learned. The bottlenose dolphin population in Doubtful Sound, New
Zealand, declined in the past several years, from 67 (CV=1.9%) to 56 (CV=1.0%) (Currey et
al. 2007), which has been linked to tourism (Lusseau 2004, Lusseau et al. 2006), although the
decline may not be attributed specifically to increased tourism (Currey et al. 2009, 2010). In
the 1990s, bottlenose dolphins in the Bay of Islands, New Zealand, were found to exhibit
long-term sensitisation to disturbance (Constantine 2001), with undetermined populationlevel significance. Analysis of effects on other species has been limited to short-term, though
with continued research population-level effects (or lack thereof) may be determined in the
future.
Dusky dolphin ecology
Dusky dolphins are a semi-pelagic species found in the Southern Hemisphere,
generally inhabiting waters over the continental shelf (Van Waerebeek et al. 1995).
Distribution is discontinuous, with isolated populations occurring in the waters off central
and southern South America, southwestern Africa, various oceanic island groups, and New
Zealand (Jefferson et al. 2008). Dusky dolphins are acrobatic, gregarious, and highly
adaptable, pursuing different feeding strategies dependent upon local habitat and altering
their diet and social grouping accordingly (Würsig and Würsig 1980, Markowitz et al. 2004,
Würsig et al. 2007). Their social structure is fission-fusion, with members joining and
leaving pods at any time (Markowitz 2004). Pods range in size from several individuals to
several thousand individuals (Webb 1973). Abundance estimates exist for several regions
based on mark-recapture methods of photographically identifiable animals: Schiavini et al.
(1999) estimated 6,628 individuals (95% confidence interval = 4,039-10,877) in the area
between Península Valdés and Puerto Deseado, Argentina, and Markowitz (2004) a
population of over 12,000 individuals (no confidence interval reported) in the coastal waters
of New Zealand. However, much is still unknown about the status of this species, and the
IUCN Red List status is Data Deficient (IUCN 2008).
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Threats to dusky dolphins
Dusky dolphins face a host of additional threats from humans, both direct and
indirect. They have been directly harvested for human consumption and use as bait in
Peruvian fisheries in the past (Read et al. 1988), and an unknown level of direct take
continues today (Mangel et al. 2010). As top-level predators, dolphins are exposed to high
concentrations of environmental contaminants produced by humans, ranging from heavy
metals to persistent organochlorine compounds (O’Shea and Tanabe 2003). The toxic effects
of these contaminants may hamper immune response within dolphins and result in a greater
risk of death due to disease or infection (Ross et al. 1996, Tanabe 2002). While dusky
dolphins are likely at a lower risk because they live in less-polluted waters of the Southern
Hemisphere, elevated PCBs and other organochlorine contaminants have also been found in
dusky dolphins in New Zealand (Jones et al. 1999). Human fisheries are a direct threat via
accidental bycatch (Crespo et al. 1997, 2000, Dans et al. 1997, 2003a, 2003b), and humans
may also affect dolphins indirectly by competing for the same prey species (Pauly et al. 1998,
Crespo et al. 1997) or the same habitat (Würsig and Gailey 2002).
Bycatch of dusky dolphins off New Zealand in the mid-1980s was estimated to be 50150 animals per year (Würsig et al. 1997), but current rates are unknown. Six animals were
reported incidentally caught between 1997 and 2002 (Duignan et al. 2003, 2004), but it is
likely that many others were caught and not reported. Off the coast of southern Africa, Best
and Meÿer (2010) reported 16 dusky dolphins caught in research-related trawling between
1988 and 2002, with a further eight dolphins caught in post-2000 research trawls off
Namibia. Fisheries bycatch is reported to be low, with a handful of reported catches between
1980 and 2004, but the scarcity of published bycatch numbers precludes assessment of this
threat at the population-level (Best and Meÿer 2010).
Often the main reason that cetaceans are caught in fisheries operations is that both
target the same species for consumption. Massive and unsustainable worldwide growth of
fisheries (Pauly et al. 1998, Anonymous 1999) has resulted in increased competition between
fisheries and cetaceans (Trites et al. 1997) for resources. Coastal species, in particular, are
expected to be disproportionately affected by overfishing (DeMaster et al. 2001). It is
unclear how dusky dolphins will be affected, though competition has been reported for prey
in the Argentine fisheries (Crespo et al. 1997), and may reasonably be expected elsewhere.
Whether this has a direct biological effect on dusky dolphins will largely be a function of
how those fisheries are managed.
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In the Marlborough Sounds, New Zealand, dusky dolphins compete with the
aquaculture industry for habitat (Würsig and Gailey 2002, Markowitz et al. 2004). Dusky
dolphins avoid areas where green-lipped mussels (Perna canaliculus) are grown in Admiralty
Bay (Markowitz et al. 2004). This area may be a particularly important winter foraging area
for dolphins (Markowitz et al. 2004) and substantial further expansion to current aquaculture
has been proposed. Whether this expansion will occur remains unknown, as legal arguments
have been made on both sides (Markowitz et al. 2010). Currently an investigation is being
made into the impact of seasonal use of Admiralty Bay for aquaculture, based on a proposal
by operators to move aquaculture gear out of the area when dusky dolphins are most likely to
be affected (A. Baxter, Department of Conservation, personal communication). Dusky
dolphins prey on some species (hoki, hake, squid; Cipriano 1992) which are taken in New
Zealand commercial fisheries, but the potential effect of this resource competition is not
known.
Cetacean tourism at Kaikoura – Research and management
Two different companies began whale-watching in the late 1980s in Kaikoura, New
Zealand, a small town on the east coast of the South Island (Figure 2). By 1990 these
companies had coalesced and from there rapidly grew to become an award-winning tourism
company and the driving economic force in the town (Simmons and Fairweather 1998).
Tours to swim with pods of dusky dolphins started soon thereafter and also contributed to the
growth of Kaikoura as a tourism destination. The cetacean tourism industry in Kaikoura
provides direct and indirect revenue to the local economy estimated to be near $30 million
NZD in 1998 (Simmons and Fairweather 1998). Currently, there are four commercial
operators permitted to view whales and five permitted to interact with dolphins (Table 1).
While seven permits to swim with dusky dolphins exist, one operator does not engage in this
activity (Table 1).
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Figure 2. Study area from Kaikoura Peninsula to Haumuri Bluffs, with permitted tour
operation area boundaries, oriented North-South. Bathymetry data provided by NIWA
(Lewis and Barnes 1999).
Table 1. Current permitted cetacean tourism operators in Kaikoura, New Zealand
Company
Whale Watch
Kaikoura
Dolphin Encounter
Wings Over
Whales
Kaikoura Aero
Club
Kaikoura
Helicopters

Platform

Number Permitted activities
of permits
Boat
4
Whale- and dolphinwatching, Swim-withdolphins
Boat
3
Dolphin-watching,
Swim-with-dolphins
Plane
1
Whale- and dolphinwatching
Plane
1
Whale- and dolphinwatching
Helicopter
2
Whale- and dolphinwatching

Current activities
Whale- and dolphinwatching
Dolphin-watching,
Swim-with-dolphins
Whale- and dolphinwatching
Whale- and dolphinwatching
Whale- and dolphinwatching

In comparison to other anthropogenic threats to dusky dolphins, tourism is likely to be
of lower risk, but evidence of short-term behavioral effects has been found in Argentina
(Dans et al. 2008) and New Zealand (Barr 1997, Barr and Slooten 1999, Brown 2000,
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Duprey 2006). To evaluate long-term effects of marine tourism, it is necessary to compile
and analyze a dataset which considers responses over an extended period of time, not just a
few field seasons. Short-term responses can be linked to long-term impacts if a proper
dataset can be established – one which contains both control and impact data over years or
preferably decades (Bejder et al. 2006a, Lusseau and Bejder 2007).
Overall inter-year abundance of dusky dolphins at Kaikoura has been estimated
between 12-13,000 animals (Markowitz 2004). Movement between the Kaikoura area and
other areas around the South Island of New Zealand is fluid and continuous and therefore the
population in Kaikoura is not geographically isolated from the overall population. The same
dolphins, however, are typically spotted in the same season each year (Markowitz 2004),
which implies seasonal migration. This seasonality may help buffer against over-exposure to
the effects of tourism (Markowitz 2004), as the dolphins spend much of their time in areas
where there is no such activity. This is a confounding factor when examining long-term
effects of tourism, however, as changes observed may be influenced by non-tourism activities
in other areas.
Swimming with dolphins began as a trial venture (Buurman 2010), and after two
years the New Zealand Department of Conservation (DoC) began actively managing this
activity. The number of permits issued was limited, areas of operation were defined, and
times of operation established. DoC-sponsored research found that dusky dolphins were
accompanied by vessels during the majority of observations, leaping rate increased in the
presence of vessels, and individuals moved closer together in the presence of vessels around
midday (Barr 1997, Barr and Slooten 1999). Changes in dolphin behavior often coincided
with failure of vessels to follow DoC guidelines for the type of approach and number of
vessels in the vicinity of a single group (Barr and Slooten 1999). Subsequent research
supported the finding that dusky dolphins in Kaikoura rest most during midday (Markowitz
2004, Markowitz et al. 2009). Brown (2000) observed that dolphins moved southward more
often than reported by Cipriano (1992) prior to the advent of tourism, and suggested that this
was in response to tour vessels approaching from the north. Markowitz and Markowitz
(2009) found that dolphin group movement was more southerly after vessel interactions,
perhaps supporting Brown’s conclusion.
Based on recommendations made by researchers, tour operators, and the DoC, in
2000 operators agreed upon a voluntary midday rest period (11:30 a.m. – 1:30 p.m.) during
summer months (Dec.-Feb.), during which tour vessels would not approach dusky dolphins.
At the same time as the voluntary rest period was introduced, the DoC also declared a
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moratorium on new dolphin watching permits at Kaikoura for a period of ten years. Upon
review at the end of the 10-year moratorium, earlier findings were largely verified
(Markowitz et al. 2009). In 2010, a further five-year moratorium was declared and the
midday rest period became mandatory due to a lack of compliance with the voluntary rest
period by certain operators (Würsig et al. 2007, Duprey et al. 2008, Lundquist and
Markowitz 2009). Additionally, this rest period was extended from November through to
February to protect mothers and calves, with a voluntary rest period in March. The number
of times swimmers entered the water (and the requisite boat approach for each swim drop)
was highly correlated with behavioural responses of dolphins (Markowitz et al. 2009), so the
number of swim drops was limited to five per boat, per tour. Further, the number of
swimmers permitted per vessel was increased from 13 to 16 in an effort to reduce the number
of boats approaching dolphins (Andrew Baxter, Department of Conservation, personal
communication).
Study objectives
The overall objective of this study is to assess effects of human activities (commercial
and non-commercial boats, swimmers, and aircraft) on dusky dolphins at Kaikoura, New
Zealand. This objective is met by analysing the short- and long-term effects of tourism on
dusky dolphins, as well as the overall management strategy. Based on these findings,
recommendations for future research and management of this activity are proposed. The
contents of the chapters are as follows:
Chapter 2: Behavioural responses of dusky dolphin groups to vessels and swimmers
Variation in the behaviour of dusky dolphin groups relative to natural and
anthropogenic factors is described here. Seasonal and diurnal patterns of behaviour
are detailed, as well as short-term reactions to the presence of different types and
numbers of vessels. Characteristics of swim-with-dolphin tours are quantified, and
compliance with mandatory and voluntary regulations evaluated.
Chapter 3: Short-term effects of tourism on movement patterns of dusky dolphin groups
Building on the behavioural description in the previous chapter, spatial characteristics
of the movement of dusky dolphin groups are described here. Short-term changes in
movement patterns across seasons, at different times of day, and in response to vessel
traffic are quantified.
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Chapter 4: Long-term comparison of movement patterns and behaviour of dusky dolphins
Using data presented in the previous two chapters, comparison is made with data
collected by previous researchers in Kaikoura (Table 2). Behavioural responses,
movement patterns, and occurrence of groups of dusky dolphins are compared across
three levels of tourism development: A) Prior to the advent of tourism; B) As tourism
was growing and; C) in the current state.
Chapter 5: Management of dusky dolphin tourism at Kaikoura
The adaptive management framework proposed by Higham et al. (2009) is used to
analyse the management of dusky dolphin tourism and determine if international best
practices for ecological sustainability are being followed. Limitations in the current
scheme of research and management are highlighted, and recommendations for
improving both are proposed.

Table 2. Long-term data used
Researcher
Cipriano
Barr
Brown
Lundquist

Years
1984-1988
1993-1995
1998-1999
2008-2009

Type of data
Movement
Movement
Movement, Behaviour
Movement, Behaviour

Tourism level
None
Low-Mid
Mid
High

Dusky dolphins in Kaikoura have several qualities that make them a suitable
candidate species for low-impact marine tourism: 1) a large population in an open, oceanic
habitat, 2) present year-round, 3) each individual only in Kaikoura part of the year, 4) nighttime feeding, and 5) highly regulated tour operations. This study is the first attempt at
comparing data collected prior to the advent of tourism through current levels of activity.
Data have been obtained from previous researchers (Cipriano 1992, Barr 1997, Brown 2000)
which will allow comparison of dolphin movements from the mid-80s through to 2009, at
varying levels of tourism intensity (Table 2). The relative paucity of long-term studies of
cetaceans combined with the growing importance of cetacean-based tourism as a commodity
means that these data present a unique opportunity to see how responses of dolphins change
over time. The conservation and management implications of the results are significant, no
matter what is found. If no long-term effects are found, Kaikoura may be used as an example
of how proper management and the right biological circumstances may allow truly non-

Chapter 1 – Introduction

14

consumptive use of marine species, especially as relevant to larger (>10,000 individuals)
populations of mammals. Alternatively, if long-term effects are shown, then this case may
serve as a warning that we should not expect to engage in this sort of tourism without having
potentially significant impacts on the target species.

CHAPTER 2
Behavioural responses of dusky dolphin groups to vessels and swimmers2
INTRODUCTION
Cetacean-watching has grown substantially in the last two decades, resulting in global
annual revenues of greater than US$2.1 billion from more than 13 million participants in
2008 (O’Connor et al. 2009). Over 13,000 people are employed by more than 3000 whalewatching operations in 119 countries (O’Connor et al. 2009), and research indicates there is
still substantial room left for growth in the industry (Cisneros-Montemayor et al. 2009).
As the cetacean-watching industry has grown, questions have been raised regarding
widespread, high-intensity tourism and potential effects on health and well-being of wild
cetacean populations (e.g. Constantine 2001). Questions of reduced fitness, increased sound
levels, sensitisation, displacement, and long-term effects of stress were not considered in the
early days of the whale-watch industry, since these effects were believed to be miniscule
relative to the harm inflicted upon animals by hunting (O’Connor et al. 2009). In the
intervening years, substantial interest has been generated within the scientific community to
determine effects of tourism on cetaceans and whether the activity is sustainable, particularly
as the number and size of vessels has increased (IFAW et al. 1995, IWC 1996, Hoyt 2007).
Research has demonstrated a variety of short-term effects on cetaceans in the presence
of vessel traffic, including changes in swimming speed and direction (Kruse 1991, Au and
Green 2000, Nowacek et al. 2001, Williams et al. 2002, Scheidat et al. 2004, Lundquist
2007, Stensland and Berggren 2007), habitat use (Briggs 1991, Bejder et al. 1999, Bejder et
al. 2006b, Timmell et al. 2008, Courbis and Timmell 2009), communication (Yin 1999,
Scarpaci et al. 2000, Erbe 2002, Buckstaff 2004), distance between individuals (Blane and
Jaakson 1994, Bejder et al. 1999, Nowacek et al. 2001, Bejder et al. 2006a), respiration and
dive characteristics (Gordon et al. 1992, Au and Green 2000, Nowacek et al. 2001, Jahoda et
al. 2003, Richter et al. 2003), and behaviour (Janik and Thompson 1996, Barr and Slooten
1999, Trites and Bain 2000, Constantine 2001, Lusseau 2006, Bejder et al. 2006b, Dans et al.
2008, Stockin et al. 2008, Lusseau et al. 2009). Studies of short-term effects have become an
important tool in managing cetacean tourism though these changes do not offer direct
evidence of population-level impacts (Bejder 2005, Childerhouse and Baxter 2010).
Scientists often view such responses to disturbance as a cautionary signal that human activity
2

Some data used in this chapter were also used in Lundquist and Markowitz (2009)
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may be harming the focal species. In the absence of studies to link these short-term effects to
long-term impacts (or lack thereof), scientists and wildlife managers generally rely upon the
precautionary principle to support decisions to limit or reduce vessel traffic.
Dusky dolphins near Kaikoura, New Zealand (Figure 1) are the focus of three
different forms of tourism. The main source of interactions is from a single company that has
permits to use three boats to take tourists to swim with dolphins. Another company has four
permits to swim with and watch dolphins and whales, but focuses on whale-watching. These
whale-watching boats approach dolphin pods when they may be conveniently visited in the
course of a whale watching tour, and the tourists never enter the water. Three other
companies have permits to watch dolphins from the air using airplanes (two companies) and
helicopters (one company).
From late October through to April, the swim-with-dolphin company conducts three
daily tours, while the remainder of the year two tours are conducted per day. Two of their
boats are permitted for the full complement of tours (three daily, seven days a week), while
the third boat is limited to eight tours per week. Tours begin at the South Bay marina on the
southern side of the Kaikoura Peninsula, and all boats depart simultaneously. Boats are
generally on the water near 6 am, 9 am, and 1 pm, and the mean duration of each tour is
about two hours (Markowitz 2004, Duprey 2007), though the timing and length of tours is not
explicitly regulated. The boats normally spread out and travel southward searching for a
large pod of dolphins. Once a large pod is located, the boats approach and swimmers enter
the water to free swim with the dolphins. If all dolphins move away from the swimmers, the
swimmers exit and the boat approaches the pod again. This is repeated until the skipper of
the boat determines: a) the tour has been successful; b) there are not enough interested
dolphins for the swim to continue; c) time allotted for the swim portion of the tour expires; or
d) weather prevents further attempts. After the swim portion of the tour ends, the pod is
approached and followed one last time while a short educational talk is given by a crew
member. The boats then conclude the tour and return to the marina.
Shore- and boat-based observations have been used for more than 25 years to track
dusky dolphin groups (summarised by Würsig et al. 2007) near Kaikoura, beginning with
studies of distribution and movement patterns in the mid-1980s prior to the advent of dolphin
tourism in the area (Cipriano 1992). Studies of the short-term responses of dusky dolphins to
tourist vessels found increased vocalisation and activity levels in the presence of swimmers
(Yin 1999), increased aerial activity and decreased inter-individual distance in the presence
of vessels (Barr 1997, Barr and Slooten 1999), and movement away from the direction in
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which tour boats approach (Brown 2000). These studies led to a voluntary summertime
midday rest period (11:30 am to 1:30 pm from December through March) during which
Kaikoura tour operators agreed to refrain from approaching dolphins (Barr and Slooten
1999). Additionally, a ten-year moratorium on new commercial marine mammal viewing
permits was instituted in 1999. At the end of this moratorium, Markowitz et al. (2009)
investigated the current effects of tourism activity on dusky dolphins in the area. As part of
that report, Lundquist and Markowitz (2009) described short-term effects of vessel traffic on
the behaviour of dusky dolphin groups along the Kaikoura coast. This chapter uses the data
collected for that report, extends it with an additional year of data, and significantly expands
the analysis effort.

Figure 1. Study area from Kaikoura Peninsula to Haumuri Bluffs, with 100 m depth
contours. Location of theodolite station used to collect data indicated with arrow.
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METHODS
Data were collected from two separate platforms: an elevated shore station located
just south of Goose Bay, roughly halfway between the Kaikoura Peninsula and the Haumuri
Bluffs (Figure 1); and from onboard swim-with-dolphin tour vessels. Tracking from shore
provided a vantage for determining the behavioural state of dolphin groups within 10 km of
the station (in good visibility), while ensuring that the behaviour of dolphins was not affected
by the observer. Observations onboard tour vessels allowed operational characteristics of
tours to be recorded which were not visible from shore, such as entry and exit times of
swimmers.
Shore observations
Focal group follow methods (Altmann 1974) were used to track large pods (>100
individuals) of dusky dolphins from the shore station. The research team generally consisted
of three people: a primary observer (always DL) to track behaviour and positions of dolphins
and vessels, a spotter using a telescope to search for other pods or vessels, and a computer
operator to enter the data. Choosing the focal group was generally simple, as most often
there was a single large group in the study area. When multiple groups were present within
5-10 km (depending on conditions) of the shore station, all would be tracked as long as
reasonable. The focal follow continued until the focal group could no longer be tracked due
to distance, conditions (rain, wind, Beaufort > 3), or end of usable daylight.
The data listed below were recorded every 150 seconds. This is greater than the interfix interval used by some researchers (Yin 1999, Brown 2000) and less than that of others
(Barr 1997). This interval was the shortest reasonable interval for collecting data when
multiple vessels were following the focal group (i.e., busy times):
1) Behavioural state of dolphin group (traveling, resting, milling, feeding, socialising
– see Table 1 for definitions)
2) Number of vessels within 300 meters of the dolphin group
3) Type of vessels within 300 meters of the dolphin group (dolphin-swim tour,
dolphin-watch tour, research, recreational/private, commercial fishing vessel)
4) Behaviour of vessels within 300 meters of the dolphin group (traveling, following
dolphins, swimming with dolphins, fishing, stationary)
5) Presence of aircraft lower than 1000 feet and within 300 horizontal meters of the
dolphin group
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Predominant group activity was recorded as the behavioural state for the group (Mann
2000). Recording behavioural state for large groups can be difficult, as group members are
often engaging in different activities simultaneously. Interactions between group members
and individual behaviours are generally not accounted for and much potential information is
lost. However, when working from three to five kilometers away (as was generally the case
in this study), behavioural state is an effective tool for classifying the activity level of the
entire group, and may be consistently and precisely determined.
Dolphin groups were defined using the 10-m chain rule developed by Smolker et al.
(1992). Any two dolphins within 10 meters of each other were considered part of the same
group. This chain was then built to include members spread out over a large area, as long as
each individual was within 10 meters of another. Group follows began when a group was
first sighted and continued until the group was lost from view, weather deteriorated, the end
of the day was reached, or other logistical concerns intervened. Behavioural states (adapted
from Shane 1990, Hanson and Defran 1993, Acevedo-Gutiérrez and Parker 2000) recorded
include:
Table 1. Definitions of group behavioral states of dusky dolphins
State
Resting

Definition
Dolphins close to the surface and each
other, surfacing at regular intervals and in a
coordinated fashion. Movement very slow.

Traveling

All individuals oriented and moving in the
same direction. This behavioural state
includes slicing and porpoising behaviour.

Milling

Individuals within the group
simultaneously moving in different
directions, with no overall clear direction
of travel.

Socialising

Physical interactions taking place among
members of the group, including chasing,
high levels of body contact, coordinated reentry leaps and noisy aerial behaviour.

Feeding

Dolphins observed either capturing or
pursuing fish. High number of noncoordinated re-entry leaps, rapid changes in
direction and long dives. Seabirds often
seen diving among pod.
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Ideally, a Before-After-Control-Impact (BACI) approach would be used to analyse
dolphin responses to vessel traffic (Bejder and Samuels 2004). This approach requires
monitoring responses at both control (no traffic) and impact (traffic) sites. Unfortunately, the
Kaikoura Canyon system has unique geography which leads to different behavioural ecology
of dusky dolphins in Kaikoura than in other areas of New Zealand, (Würsig and Würsig
2010) so no similar site exists to use as a control.
The next most appropriate research design is a Before-During-After (BDA) approach,
where responses are compared at a single site, prior to the vessel approach, during the
interaction, and after the vessel departs (Bejder and Samuels 2004). However, due to the
frequency of vessel and aircraft approaches to dusky dolphins in Kaikoura, a BDA analytical
approach was difficult because dolphins were rarely unaccompanied for sufficient time for
any potential behavioural change to subside (Barr and Slooten 1999, Markowitz 2004,
Duprey 2007). Especially in summer, when early morning dolphin-swim tours were on the
water before sunrise, it often was not possible to locate and observe dolphins before vessels
approached the group.
The voluntary midday rest period provided an opportunity to collect data with few
vessels present, but this rest period was established based on previously observed diurnal
differences in dolphin behaviour (Barr 1997, Yin 1999). Any vessel-caused differences in
behaviour at this time of day versus other times are likely to be confounded by the dolphins’
normal diurnal patterns of behaviour (Würsig et al. 2007, Cipriano 1992, Markowitz 2004).
Any seasonal differences documented between summer (higher tourism activity) and winter
(lower tourism activity) are similarly confounded by natural seasonal variations related to
environmental changes (Markowitz 2004). Additionally, weekends and holidays often show
a strong increase in tourism activities (Duprey 2007). The statistical analysis undertaken
needs to take into account these confounding factors, and the methods employed are
discussed in detail below.
Tour vessel based observations
The number of water entries (swim drop) and length of time that swimmers spent in
the water per swim drop were the main variables of interest for analysis of swim-withdolphin tours. A swim drop began when the first swimmer entered the water and ended when
the last swimmer exited the water. The length of each swim drop is determined by the tour
operators according to whether dolphins remain near the swimmers, so the length of a swim
drop is a good proxy for whether dolphins were attracted to or avoiding swimmers. Because
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tour operators wish to provide their customers with a certain total length of interaction time,
multiple swim drops usually occur per tour. Therefore, the following data were collected
onboard the tour vessel:
1) Total number of swimmers
2) Number of swim drops
3) Entry and exit time for each swim drop
4) Number of other tour boats interacting with the same dolphin pod
Thirteen swimmers was the maximum per boat permitted in the water at any time.
The tour operator would occasionally take additional swimmers on board and use one of two
strategies to provide them a chance to swim with dolphins. The first was as swap swimmers,
wherein they would be allowed to enter the water once a primary swimmer became tired, was
sick, or otherwise concluded their swimming session. The second was when the trip was
booked as a double-load – that is, two separate groups of swimmers on the same trip. The
first group would engage in a normal swim tour while the second group watched, and then
the two groups would switch and the second load of swimmers would enter the water. The
number of swimmers per tour was used to classify each tour as follows:
•

Light – nine or fewer swimmers

•

Normal – 10-13 swimmers

•

Swap – 14-15 swimmers

•

Double-load – 16 or more swimmers

These data were then used to determine if there were differences in the number or
length of swim drops relative to season, number of swimmers, or number of tour boats
present.
DATA ANALYSIS
Behaviour
To evaluate how dusky dolphin behaviour varied relative to the number (i.e., 0 to 4 or
more) and type (i.e., aircraft, dolphin-swim, dolphin-watch, research, recreational) of vessels
present, it was also necessary to account for natural variation by time of year and time of day.
Each behavioural sample was classified according to the number and type of vessels present
and assigned to the proper season based on the date (Dec-Feb = Summer, Mar-May =
Autumn, Jun-Aug = Winter, Sept-Nov = Spring). A vessel was considered to be present with
dolphins if it was within 300 meters of any member of the group, which is the threshold
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dictated by the New Zealand Marine Mammals Protection Regulations 1992 (SR 1992/322,
http://www.legislation.govt.nz/regulation/public/1992/0322/latest/whole.html). To account
for varying length of daylight across the year, a time of day index was calculated as the
difference between the time of the sample and sunrise divided by the length of daylight (time
of sunset – time of sunrise). This index represented a percentile of daylight hours where
sunrise equals 0, midday = 0.5, and sunset = 1.0. This was used to classify each sample as
morning (<0.33), midday (0.33-0.66), or afternoon (>0.66).
Since consecutive behavioural observations are not likely to be statistically
independent, they were analysed as a series of time-discrete Markov chains (Markov 1906).
First-order Markov chain analyses were used to quantify the dependence of each behaviour
event on the preceding event in the behavioural sequence. Following the assumptions used
by Lusseau (2003), defining a set of mutually exclusive and wholly inclusive behaviours
(Table 1) permits analysis of temporal variations in behaviour of dolphins using Markov
chains. Markov chains were used to build transition matrices of preceding behaviour (at
time 0) versus succeeding behaviour (at time 1) for each transition within the Control (no
vessels present) and Treatment (while vessels were present within 300 meters of the focal
dolphin group) chains, split by season and time of day. A transition was only included in the
Control chain when no vessels were present for at least 15 minutes prior to the observation
period.
Log-linear analysis was conducted in R (R Development Core Team 2010) to test
whether the presence of vessels altered the likelihood of dolphins moving from one
behavioural state to another. This was accomplished by using count data from transition
matrices and testing models in R for all combinations of parameters and interactions between
parameters. Maximum likelihood for the model being tested was approximated by ! ! .
Comparing the goodness-of-fit for each model to the goodness-of-fit for the fully saturated
model (!" ! ) approximated the effect of the missing parameters (Lusseau 2003). Degrees of
freedom were the difference in degrees of freedom between the two models. Evaluating the
significance of this difference determined which parameters were significant. Akaike
Information Criteria (AIC, Akaike 1974) values were calculated to choose the best-fitting
model. AIC assists in selecting the most parsimonious model by rewarding a model for
providing information and penalising it for using extra parameters to do so (Anderson et al.
2000, Caswell 2001). Because of sample size limitations it was not possible to include
different numbers and types of vessels in the log-linear analysis. Therefore, a simple
presence/absence analysis was performed to determine whether vessels had a significant

Chapter 2 – Behavioural responses of dusky dolphin groups to vessels and swimmers

23

effect on behavioural transitions of dolphins. Following this, separate analyses were
conducted on transition probabilities and bout lengths for different numbers and types of
vessels. While this was not ideal and the results must be interpreted with appropriate caution,
the potential knowledge gained made this analysis worthwhile.
The transition probability for each behavioural state transition was calculated by
dividing the number of times a transition from preceding behaviour i to succeeding behaviour
j was observed by the total number of times i was seen as the preceding behaviour:

!!" =   

!!"
! !!"

where !!" is the number of times the transition from i to j was observed and

! !!"

is the

number of times i was the preceding behaviour. By comparing calculated probabilities
between different chains using a Z-test for proportions (Fleiss 1981) combined with a HolmBonferroni sequential correction to account for multiple comparisons (Holm 1979), it was
possible to test whether interactions with vessels had a significant effect on behaviour of
dolphins. Assembling matrices for different seasons, times of day, and number and type of
vessels allowed for testing for changes relative to these variables.
Bout length (tii) is the mean length of time the group spends in a certain behavioural
state before switching to another. This was calculated by the following equation using the
assumptions set forth in Lusseau (2003):
!!! =   

1
1 − !!!

where pii is the probability of transitioning from behaviour i back to behaviour i. The
standard error for bout length was calculated as:
!" =   

!!! ∗ 1 − !!!
!!

where ni is the number of times where behaviour i was observed as the preceding behaviour.
Swim drops
Each tour was classified based on season, number of tour boats present, and number
of swimmers. Seasons were defined as: Dec-Feb = Summer, Mar-May = Autumn, Jun-Aug =
Winter, Sept-Nov = Spring. Number of tour boats present was a count between one (only the
boat from which the observation was made was present) and three (all three permitted
dolphin-swim boats were present). The presence of other vessels (those which were not
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dolphin-swim boats) was not included in this analysis. Type of tour (light, normal, swap, or
double-load) was determined as described above based on the number of swimmers. Three
response variables were calculated for the tour vessel the researcher was on: number of swim
drops, mean length of swim drops, and length of swim period (from time of entry on first
swim drop to time of exit on last swim drop). Histograms were examined and response
variables were transformed as necessary to achieve a normal, homogeneous distribution.
Analysis of variance (ANOVA) was performed for each of the three response variables to
determine if there were significant differences by season, number of tour boats, or tour type.
The Tukey HSD statistic was used in post-hoc comparisons to evaluate significant differences
between the various classifications.
RESULTS
Effort
Dolphins were successfully tracked from shore on 220 days from January 2008
through January 2010. A total of 728 hours of tracks were collected for 404 dolphin groups.
Spotting effort was equal across all seasons, but success in locating and tracking dolphin
groups was greater in summer (231 hours, 53 days, 148 groups) and autumn (246 hours, 53
days, 126 groups) than in spring (158 hours, 51 days, 78 groups) or winter (93 hours, 35 days,
52 groups). A total of 1203 vessels were observed within 300 meters of dolphins, with
uneven distribution across season (summer = 403, autumn = 422, spring = 253, and winter =
125) and type of vessel (Swim-with-dolphin tour = 470, Dolphin-watch tour = 274, Research
= 42, Commercial fishing = 29, and Private recreational = 388). Data were collected onboard
177 swim-with-dolphin tours (summer = 55, autumn = 33, spring = 23, and winter = 66).
Behaviour
A total of 11,373 behavioural transitions were observed. The breakdown by season,
time of day, and vessel presence is shown in Table 2. Dusky dolphins at Kaikoura typically
feed at night (Benoit-Bird et al. 2004), and therefore group behavioural state was seldom
recorded as feeding. In addition, feeding-type behaviour which was visible from several
kilometers away on shore was difficult to distinguish from socialising behaviour. Therefore,
this behaviour was combined with socialising during analysis of transition probabilities.

Chapter 2 – Behavioural responses of dusky dolphin groups to vessels and swimmers

25

Table 2. Count of observed behavioural state transitions by season, time of day, and
vessel presence. Morning, midday, and afternoon each account for one-third of the
hours from sunrise to sunset.

Autumn
Spring
Summer
Winter

Morning
Vessel
No Vessel
392
433
528
677
959
644
158
184

Midday
Vessel
No Vessel
625
417
777
593
1090
1111
325
368

Afternoon
Vessel
No Vessel
241
324
102
168
447
219
230
361

These counts were sufficient to conduct a full 5-way log-linear analysis of the effects
of these factors on behavioural transitions. Results of this analysis are shown graphically in
Figure 2. The null model (no effects due to the three factors) is at the top, and each branch
below adds an effect due to a factor or interaction between factors. Significant differences
are found when each of the factors is added to the null model (Figure 2), indicating dolphin
behaviour changes due to natural (time of day, season) and anthropogenic (vessel presence)
factors. Analysis of AIC values reveals that two models provide more information than the
others (Table 3). Both include effects due to vessels, time of day, and season, and the one
with the greatest likelihood also includes the interaction between time of day and season
(Table 3).
Table 3. Akaike Information Criterion values for models in Figure 2. Likelihood for a
model given the data are approximated by e (-0.5*ΔAICi), and the weight of evidence
provided by each model is calculated by normalising the likelihoods to 1.
Model
Boat + (Season x Time of Day)
Boat + Season + Time of Day
Boat + Season
Season + (Boat x Time of Day)
Time of Day + (Boat x Season)
Season x Time of Day
Season + Time of Day
Boat x Season
Season
Boat x Season x Time of Day
Boat + Time of Day
Boat x Time of Day
Boat
Time of Day
Null model

AIC
3140.78
3141.69
3146.78
3150.43
3178.84
3178.97
3180.94
3182.75
3185.97
3233.84
3361.71
3370.96
3376.8
3401.69
3416.74

ΔAIC
0
0.91
6.00
9.65
38.06
38.19
40.16
41.97
45.19
93.06
220.93
230.18
236.02
260.91
275.96

Likelihood
1.000
0.632
0.050
0.008
5.424E-09
5.095E-09
1.901E-09
7.670E-10
1.539E-10
6.195E-21
1.061E-48
1.040E-50
5.595E-52
2.210E-57
1.190E-60

Weight
0.592
0.374
0.029
0.005
<0.0001
<0.0001
<0.0001
<0.0001
<0.0001
<0.0001
<0.0001
<0.0001
<0.0001
<0.0001
<0.0001
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Null Model
G2 = 2192.4, df = 308, AIC = 3416.7

Time of Day
G2 = 2153.4, df = 296 AIC = 3401.7

Season
G2 = 1889, df = 272, AIC = 3186

Boat Presence
G2 = 2128.5, df = 296, AIC = 3376.8

Time of Day + Boat Presence
G2 = 2089.4, df = 284 AIC = 3361.7

Season + Boat Presence
G2 = 1826.5, df = 260, AIC = 3146.8

Time of Day + Season
G2 = 1860.6, df = 260, AIC = 3180.9

Time of Day + Season + Boats
G2 = 1797.4, df = 248, AIC = 3141.7

Time of Day x Season
G2 = 1786.7, df = 224, AIC = 3179

Season x Boat Presence
G2 = 1790.5, df = 224, AIC = 3182.8

Time of Day x Boat Presence
G2 = 2074.7, df = 272, AIC = 3371

(Season x Boats) + Time of Day
G2 = 1762.5, df = 212, AIC = 3178.8

(Time of Day x Season) + Boats
G2 = 1724.5, df = 212, AIC = 3140.8

(Time of Day x Boats) + Season
G2 = 1782.1, df = 236, AIC = 3150.4

Time of Day x Boats x Season
G2 = 72.7, df = 60, AIC = -47.3

Figure 2. Effects of vessel presence, time of day, and seasons on behavioural state
transitions. Boxes represent the model which was tested, with G2, degrees of freedom,
and AIC values listed. An ‘x’ between two terms indicates that the interaction is
included. Arrows in red indicate significant terms added (p<0.05). Boxes in blue
indicate the best fitting models determined by AIC values.
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As the number of vessels present with dolphins increased, bout length significantly
decreased for all behavioural states except milling, which had a variable response (Figure 3).
The magnitude of change increased as the number of vessels increased, with particularly
strong effects on bout length observed when more than three vessels were present. The
behavioural budget of dolphin groups was subsequently affected, with less time spent resting
and socialising and more time spent milling (Figure 4).
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Figure 3. Behavioural bout length of dolphin groups in the presence of different
numbers of vessels. Error bars are 95% confidence intervals.
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Figure 4. Behavioural budget of dolphin groups in the presence of different numbers of
vessels.
Because aircraft generally approached and circled dolphins for less than five minutes,
there were very few transitions observed when they were present. Therefore it was not
feasible to statistically analyse behavioural transitions in the presence of aircraft. These
observations were combined with commercial dolphin-watching vessels in a super-category
including all commercial dolphin-watching traffic. Commercial fishing vessels never
targeted dolphins and the number of transitions where they were present was small (<1% of
all observations). Because there was no other suitable category with which to combine these
observations, they were not included in the analysis, except when present as part of a mixed
group of vessels.
Dolphins responded differently depending on the type of vessel present. In the
presence of swim tour boats, resting and traveling bouts were significantly reduced in length
(Figure 5) and the proportion of time spent milling increased (Figure 6). When whalewatching tour boats were present, milling bout lengths increased and resting, socialising and
traveling bout lengths decreased (Figure 5). The proportion of time spent resting and
socialising decreased in the presence of dolphin-watch boats (Figure 6). In the presence of
private boats, bout lengths for milling, resting and traveling decreased while socialising
increased (Figure 5), with corresponding effects on the behavioural budget (Figure 6). The
presence of mixed groups of vessels resulted in increased bout lengths for resting and
socialising and decreased bout length for travelling (Figure 5). Presence of a research vessel
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reduced bout length for milling and traveling and increased resting (Figure 5). The
proportion of time spent milling significantly decreased and resting increased (Figure 6).
Markov-chain analysis revealed that the behavioural budget of dusky dolphins was
different in different seasons (Figure 7a) and at different times of day (Figure 7b). Dolphins
spent more time traveling and less time milling in summer and autumn (Figure 7a) compared
to spring and winter. Resting was more prevalent in summer and winter, while socialising
was less frequent in winter (Figure 7a). Traveling increased and resting decreased later in the
day (Figure 7b).
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Figure 5. Behavioural bout length of dolphin groups in the presence of different vessel
types. Error bars are 95% confidence intervals.
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Figure 6. Behavioural budget of dolphin groups in the presence of different types of
vessels.
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(a) Behavioural budget by season
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(b) Behavioural budget by time of day
Figure 7. Behavioural budget of dolphin groups by: A) Season and B) Time of day. All
transitions are included, whether boats were present or not.
Tour characteristics
Of the 177 tours observed, the observation boat was the only dolphin-swim boat
present 39% of the time (69 trips), while 38% of the time (68 trips) a second tour boat was
present and 23% of the time (40 trips) two others were present. Eleven percent of tours were
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classified as light (19 trips), 62% as normal (110 trips), 18% had swap swimmers on board
(32 trips), and 9% had double-loads (16 trips). The number of swim drops ranged from 1-12
(Figure 8), with a mean of 3.99 ± 1.91. The length of swim drops ranged from 1-56 minutes,
with a mean of 6.7 ± 6.8 minutes per swim drop. The swim period ranged from 4-100
minutes, with a mean of 41.5 ± 14.6 minutes per tour.
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Figure 8. Number of swim drops per tour
ANOVA tests indicated that the number of swim drops varied significantly by season
(F3,173 = 10.43, p<0.0001), number of boats present (F1,175 = 10.93, p=0.001), and type of
swim tour (F3,173 = 13.19, p<0.0001). Significantly more swim drops were observed in
summer and autumn compared to spring and winter (Table 4). When more tour boats were
present, a significantly greater number of drops were observed (Table 4). Because the
presence of non-dolphin-swim vessels was not included in this analysis, the one-boat and
two-boat categories understate the number of vessels actually interacting with dolphins
during these tours. Double-loaded trips had a significantly greater number of drops than light
or normal trips (Table 4).
Mean length of swim drops varied significantly by season (F3,707 = 8.14, p<0.0001)
and number of boats present(F1,709 = 4.89, p=0.027), but type of swim tour had no effect on
duration of swim drops (F3,707 = 1.32, p=0.27). Swim drops were significantly shorter in
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summer and autumn than in spring or winter (Table 4). When three tour boats were present,
swim drops were significantly shorter than when one or two boats were present (Table 4).
Swim period varied significantly by type of swim tour (F3,173 = 24.02, p<0.0001) and
number of tour boats present (F1,175 = 4.22, p=0.04), but not by season (F3,173 = 1.46, p=0.23).
Swim period was longer when three tour boats were present than when one or two boats were
present (Table 4). Swim period was significantly greater when boats were double-loaded
than all other tour types (Table 4). Swim period was also significantly longer when swap
swimmers were present than on light tours (Table 4).

Table 4. Swim drop characteristics by season, number of tour boats present, and type
of swim tour. Significant differences (p<0.05) are denoted by shared superscripts after
the values in the same section.
Season
Summer
Autumn
Winter
Spring

n
55
33
23
66

# Swim drops
4.85 (SE 0.39) 1,2
4.58 (SE 0.31) 3,4
3.30 (SE 0.49) 1,3
3.29 (SE 0.38) 2,4

Mean length (min)
5.30 (SE 0.67) 5.6
5.81 (SE 0.54) 7,8
7.92 (SE 0.93) 5,7
8.63 (SE 0.70) 6,8

Swim period (min)
44.18 (SE 3.13)
43.32 (SE 2.48)
37.68 (SE 3.86)
40.20 (SE 3.03)

# Boats
1
2
3

70
67
40

3.69 (SE 0.22) 1
3.68 (SE 0.22) 2
5.08 (SE 0.29) 1,2

7.33 (SE 0.93) 3
7.18 (SE 0.82) 4
5.30 (SE 0.78) 3,4

40.08 (SE 1.98) 5
40.07 (SE 1.58) 6
46.22 (SE 1.98) 5,6

Tour type
Light
Normal
Swap
Double-load

19
111
32
16

2.63 (SE 0.59) 1,2
3.70 (SE 0.46) 3,4
5.00 (SE 0.53) 1,3
5.63 (SE 0.43) 2,4

8.12 (SE 1.19)
6.70 (SE 0.78)
5.63 (SE 0.89)
7.88 (SE 0.71)

29.15 (SE 3.64) 7,8
38.33 (SE 2.87) 9
46.07 (SE 3.28) 8,10
68.52 (SE 2.68) 7,9,10

Compliance with regulations
Vessels were present within 300 meters of dolphins for 47.9% of all observations.
During 2.0% of these observations, more than three vessels were present at one time (Figure
9). Dolphins were tracked for 76 hours during the voluntary summertime midday rest period.
Vessels approached at a rate of 2.03 approaches/hour and were within 300 meters of dolphins
25.8% of the time (Figure 10).
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Figure 9. Percentage of observations with different numbers of vessels within 300
meters of dolphin group
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Figure 10. Percentage of observations during summertime midday rest period with
vessels of different types present within 300 meters of dolphin group. Note that
percentages do not sum to 100% due to instances where vessels of different types were
present simultaneously.
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DISCUSSION
Seasonal and diurnal changes in the behaviour of dusky dolphins are described here,
in addition to responses to vessels and swimmers. Natural variability is large, and time of
day and season were significant factors in the majority of the models analysed. In springtime,
dolphins travelled less and socialised and milled more than in other seasons. In summer,
dolphins engaged in travel and rest more often than other seasons, and milled less often. In
autumn, travelling was elevated while milling was decreased. Winter has increased milling
and resting, and decreased traveling and socialising. Traveling increased and resting
decreased later in the day.
The natural variation outlined here correlates well with the seasonal and diurnal
variation in dusky dolphin behaviour described by previous researchers. Calves are born and
conception generally occurs in late spring and early summer (Cipriano 1992), when
socialising and rest are more frequently seen. Dolphins move offshore in the late afternoon
(Cipriano 1992, Markowitz 2004) in preparation to feed at night in deep water over the
Kaikoura Canyon system (Benoit-Bird et al. 2004), which is reflected by an increase in
traveling. Dolphins which have spread out and separated over a night of foraging may use
increased leaping as a signaling or sighting method (Würsig and Würsig 1979) to re-form
groups in the early morning as individuals move back to shallow, near-shore waters. A
period of low activity then begins in late morning (Cipriano 1992, Barr 1997), indicated by
elevated levels of rest.
Using powerful maximum likelihood-based analysis techniques, it was possible to
account for natural variation in dolphin behaviour and also determine that additional changes
could be linked to anthropogenic activity. Dusky dolphin groups changed behavioural state
more often and spent a greater proportion of time milling and less time resting and socialising
when vessels were present. As the number of vessels increased, the magnitude of the
response increased concurrently. Some variation in response was observed dependent upon
the type of vessel interacting with the dolphin group.
The number and length of swim drops varied by season, number of tour boats present,
and type of tour. More swim drops were required in summer and autumn, and swim drops
were significantly shorter in these seasons. It is possible that as mothers and calves are being
integrated into larger pods in summer and autumn, dolphin affinity toward tour vessels
decreases. As expected, when additional swimmers were onboard tour boats (swap
swimmers or a double-load), more swim drops and a longer swim period were observed.
The strongest effect, however, was linked to the number of tour vessels present. The number
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of swim drops increased, length of drops significantly decreased, and swim period
significantly increased when three tour boats were present. Using three vessels on a single
tour is more likely in the busy summer tourist season, so the effect of the third vessel may
account for some of the seasonal difference observed. There appears to be a threshold
between two and three vessels which results in a strong reduction in how long dolphins
choose to interact with swimmers.
The number of swim drops required per trip in summer is greater than previously
reported and the length of swim drops is shorter. Barr (1997) reported 3.17 ±1.58 drops/trip,
and a total of 40 ± 11 minutes of swimmer interaction time. Duprey (2007) reported
3.26±0.27 drops/trip and 8.15±0.58 minutes/drop. This indicates that dolphins are less likely
to interact with swimmers than in the past. This may be due to an increase in the intensity of
tourism (more tours with three boats), an aversion to vessel traffic which has developed over
time, or reduced interest on the part of the focal animals. Bottlenose dolphins exposed to
tourism traffic in the Bay of Islands, New Zealand began avoiding swimmers more as tourism
developed (Constantine 2001), and it is possible that similar sensitisation is occurring with
dusky dolphins at Kaikoura. Determining whether sensitisation has occurred is dependent on
recording reactions of individuals to the same stimuli over time (Richardson et al. 1995).
Group responses are reported here, so sensitisation cannot be determined, but it appears that
dolphins are less tolerant of the interactions than in the past (Bejder et al. 2009).
Dolphins were accompanied by vessels nearly one-half of the daytime hours, but
regulations regarding the number of vessels present at the same time were rarely exceeded.
Barr and Slooten (1999) reported that vessels were present within 300 meters of dolphin
groups 72% of the time, which is higher than rates reported here. Markowitz (2004)
observed vessels other than the research boat in the presence of dolphins 55% of the time,
which is more in line with the current finding. It seems unlikely that the presence of vessels
within 300 meters has declined from 72% to 48%, given that overall tourism has grown in
this time. During the Barr and Slooten (1999) study, multiple companies were conducting
swim-with-dolphin tours and handing off dolphin groups as different boats departed and
arrived, meaning that dolphins were rarely unaccompanied by vessels. These companies
combined prior to the current study and it is possible that changes in the scheduling of
dolphin tours resulted in more gaps between tours when no boats were present. Another
possible explanation is that different methods were used to collect these data and the
comparison itself is skewed. Barr and Slooten (1999) also found that there were more than
three vessels present with dolphin groups 8.2% of the time, versus 2.0% reported here. This
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is a plausible decline, and may be due to increased awareness and adherence to the threevessel regulation on the part of both commercial and private vessel operators.
During the voluntary summertime midday rest period, dolphins were accompanied by
commercial tour vessels more than 20% of the time. Würsig et al. (2007) reported that
vessels approached dolphin groups at a rate of 1.78 visits/hour during the summertime
midday rest period, which is slightly lower than the rate described here. Midday visits are
particularly concerning, because the rest period was instituted based upon recommendations
from previous research (Barr and Slooten 1999) which indicated that this was the time of day
dolphins were most likely to be resting and most vulnerable to disturbance. Elevated levels
of rest at midday were confirmed by the present study, and this is a time period which should
continue be protected. Protection is particularly important in summertime, when calves are
present in large numbers in the area. While mothers and calves are generally found in
nursery groups (Würsig and Würsig 1979) which tour operators do not interact with
(Markowitz 2004), they are also often found in the large groups which are the focus of
tourism. Markowitz et al. (2009) reported that 52% of large groups that tour boats
approached included calves, despite regulations which forbid swimming with juvenile
dolphins.
Consequences of short-term changes
A number of short-term changes to dolphin behaviour in the presence of vessels are
described here, but the significance of these changes is not immediately apparent. It has been
suggested that short-term changes in behaviour could result in negative energetic effects on
cetacean populations which are the focus of tourism operations (Williams et al. 2006). If
time is spent interacting with vessels (or avoiding them) rather than foraging or engaging in
other activities, individual fitness may be reduced, leading to population-level effects (Bejder
2005).
In a study of dusky dolphin responses to tourism in Patagonia, Argentina, Dans et al.
(2008) found that feeding and socialising decreased while milling increased in the presence
of tour vessels. The dolphin groups that were tracked in Patagonia were smaller than those
studied in the present project, yet behavioural effects were much the same. The main
difference is that feeding was reduced in Argentina versus resting in New Zealand. These
two activities, however, both have the potential to affect the energetic balance of dolphins, if
disturbance is chronic and high-intensity.
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Dusky dolphins in the Kaikoura area primarily feed offshore on a deep scattering
layer (DSL) of mesopelagic fishes and squid (Benoit-Bird et al. 2004). The DSL only rises
near enough to the surface for efficient feeding at night, when no vessels are directly
targeting dolphins. Opportunistic feeding occurs during the day, but is rare in comparison to
foraging rates described by Dans et al. (2008) in Patagonia, or even dusky dolphins in other
parts of New Zealand (Markowitz 2004). So it would seem that foraging activity in Kaikoura
is already protected by the difference between the timing and location of feeding versus the
timing and location of tourism activity. Milling increases in the presence of vessels, but this
is an ambiguous result relative to an individual’s energetics. For instance, overall speed of
travel for the group may decrease at the same time that individual speeds (and thus individual
energy expenditure) increase, if dolphins are swimming rapidly in different directions.
Dusky dolphins are highly mobile, moving between areas of New Zealand at different
times of year (Markowitz 2004), and exhibit a wide variation in behaviour by season and time
of day. Thus, an increase in energy expenditure due to tourism vessels might be small in
relation to normal energy budget variation, and not be expected to result in population-level
effects. However, if this increase is combined with a simultaneous reduction in resting, there
is more reason for concern. Rest is one of the primary daytime behavioural states at
Kaikoura (~25% of daylight hours), and managers need more information to determine how
much protection this activity needs. A study is needed to elucidate energy consumption of
dusky dolphins in different behavioural states. This data could be combined with the activity
budget differences reported above to determine the energetic cost of vessel presence. These
results could then be used in conjunction with estimates of the overall daily energetic budget
of dusky dolphins (Cipriano 1992, Srinivasan 2009) to determine threshold values at which
negative impacts might be expected, and management guidelines appropriately set.
Research suggests that when animal groups are moving, a few individuals within the
group are able to direct the movement of the whole group (Couzin et al. 2005). Noise from
vessel motors may mask communication (Richardson and Würsig 1995) and lead to
confusion within the group, as the individuals with knowledge (where food is located, where
predators are located, which areas offer protection) cannot be heard. It is possible that this
may be happening with dusky dolphins at Kaikoura, as evidenced by increased levels of
milling (a sign the group may no longer be able to efficiently reach a consensus on direction
of movement) and increased number of swim drops required when three vessels are used.
These effects increase as the number of vessels increase, which may be linked to multiple
sources of sound disturbance (Richardson and Würsig 1995). A study which investigates

Chapter 2 – Behavioural responses of dusky dolphin groups to vessels and swimmers

39

vocal behaviour of dusky dolphins in the absence and presence of vessel traffic would be
very valuable in determining whether acoustic masking occurs, and at what levels of sound.
If it does, appropriate management limits on source sound levels and characteristics could be
set. Because the behavioural analysis done here is tied to group behaviour rather than that of
individuals, it is possible that socialising is not reduced as much as indicated. Alternatively, a
few very visible socialising animals may prevent observers from realising that overall
socialising is reduced. Dusky dolphins are gregarious, and large groups almost always have
some level of socialising occurring. Changes in behaviour in response to vessel traffic may
expose individuals to increased risk of predation by large sharks and killer whales (Würsig et
al. 1999) or reduce the likelihood of conception, and therefore must be managed cautiously.
Management of dusky dolphin tourism at Kaikoura
Dusky dolphins off Kaikoura occur in large numbers (Würsig et al. 2007), each
individual is only present in Kaikoura part of the year (Markowitz 2004), the dolphins feed at
night when vessels are not present (Benoit-Bird et al. 2004), and individuals have the ability
to move away from tourism areas from day to day. All of these factors likely reduce the
effects incurred by each individual dolphin and would be expected to lend some resilience to
the effects of vessel traffic. Management restricting the number of commercial tours and
vessels may help minimise effects. While short-term changes are evident, it is not
immediately obvious these effects are detrimental in the long-term. Additional work is
needed, as outlined below, to build appropriate management guidelines for long-term
ecological sustainability of this activity.
Mandatory regulations are the best way to minimise potentially negative effects.
Compliance with current regulations is generally good among commercial operators, but
might be improved. During the course of this study, resting was semi-protected by the
voluntary summertime midday rest period, but compliance varied by vessel type. Markowitz
et al. (2009) recommended strengthening the midday rest period and making it mandatory
rather than voluntary. Because midday resting was also reduced by the presence of vessels in
springtime, it was further recommended to extend the rest period from October through
March. In October 2010, new regulations were instituted which made the rest period
mandatory from November through February and voluntary in March (A. Baxter, New
Zealand Department of Conservation, personal communication). Additionally, a 5-year
moratorium on additional marine mammal viewing permits was instituted (A. Baxter,
personal communication).
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Effects reported here increase with the number of vessels present, and Markowitz et
al. (2009) also linked the number of vessel approaches with increased magnitude of responses
by dolphins. Markowitz et al. (2009) made a series of recommendations to reduce the
number of vessels and vessel approaches. As a result, in October 2010 the maximum number
of swimmers permitted per vessel was raised from 13 to 16 (A. Baxter, personal
communication), thus encouraging operators to use 2 vessels rather than three when total
swimmer numbers are between 27 and 32. The number of swim drops was limited to five per
vessel per trip (A. Baxter, personal communication), to limit the intensity and duration of any
single tour, particularly when dolphins are uninterested or avoiding interactions. The threevessel regulation was followed a high percentage of time, though private boaters clearly need
to be educated about this regulation, as they were most likely to ignore it (Duprey 2007). In
summertime, much recreational vessel traffic comes from small (private and public) slipways
which allow entry to the water along the coast south of Kaikoura. On-water enforcement is
the most effective means of ensuring education and compliance. A helpful low-cost
alternative would be to post Department of Conservation signs at each slipway similar to the
signs present at the commercial slipway at the South Bay marina on the Kaikoura Peninsula.
It may also be helpful to target visitors to the area at campgrounds and summer homes, and
enlist the help of local conservation groups and fishing and boating organisations to help
educate their members.
Future work
This study highlights the value of year-round, high-intensity observation, as this level
of detail allows responses to be described that otherwise might be overlooked within such a
complex system. Population-level effects are difficult to detect for marine mammals, and
particularly so for a large and open population (Markowitz 2004) such as dusky dolphins in
New Zealand. The only photographic mark-recapture estimate of this population (Markowitz
2004) resulted in a population size estimate of 12,626 animals, not including calves. No
standard error was provided with this number, but given the high percentage of unmarked
animals (38%; Markowitz 2004), it is reasonable to assume that the actual population may be
plus or minus several thousand individuals. Therefore, similar estimates are only likely to
detect population-level changes if effects are very obvious. Continued long-term studies of
dusky dolphin behaviour in this area are vital to identify any subtle changes in behaviour that
might indicate habituation, tolerance, or sensitisation of dolphins to human activity. Tagging
dolphins with electronic devices could allow us to decipher more about where dolphins spend
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their time, with whom, for how long, and how human activities alter their behaviour. The
energetic study proposed above could be accomplished in multiple ways. The field metabolic
rate of dusky dolphins in different behavioural states could be estimated by injecting the
animal with doubly labelled water (DLW) and taking blood samples (see Speakman 1997 for
a description of this technique), though this may not be a viable option with marine mammals
(Butler et al. 2004). Attaching or implanting a tag which records heart rate can be used to
estimate metabolic rates (Butler et al. 2004) and has been used in marine mammals (Cooke et
al. 2004), though creating an appropriate calibration curve would most likely require captive
animals. Alternatively, a suction cup tag which records the number and relative strength of
fluke strokes could be used as a less explicit method of estimating the relative energy
consumption in different behavioural states. Acoustic communication of dusky dolphins
could be studied by attaching a tag which records vocalisations of the individual to which it is
attached, conspecifics, and vessel noise. Burgess et al. (1998) attached tags to northern
elephant seals which collected dive pattern, ambient and vessel noise, respiration, heart rate,
and possibly vocalisation data. Using such a tag with controlled boat interactions would
allow analysis of a number of effects, including whether vocalising changes in the presence
of a vessel, the received sound level at which changes occur, and whether this changes when
multiple vessels are present. These studies would provide wildlife managers with valuable
information for setting appropriate operational conditions and quantifiable criteria for
evaluating changes over time.

CHAPTER 3
Short-term effects of tourism on movement patterns of dusky dolphin
groups monitored from shore stations3
INTRODUCTION
Tourists engaging in animal-oriented tourism account for as much as 20-40% of all
nature tourists (Reynolds and Braithwaite 2001). Wildlife tourists may be serious or casual
in their methods of seeking out interactions with animals, the amount of knowledge with
which they equip themselves, and the amount of money they are willing to spend to achieve
their goal (Curtin 2010). The key to a successful experience for the majority of these tourists
involves appreciating the beauty of seeing animals in their natural habitat, up-close, behaving
naturally (Shackley 1996, Moscardo and Saltzer 2004). Rising demand for interactions has
led to tourism with a huge variety of terrestrial and marine animals.
Cetacean-watching activities have outpaced the growth of other forms of wildlife
tourism in the past decade, resulting in annual revenues of greater than US$2.1 billion from
more than 13 million participants in 2008 (O’Connor et al. 2009). New Zealand has more
than matched the rapid worldwide growth in cetacean-focused tourism, with the number of
permitted tour operators increasing from zero to 86 since the late 1980s (reviewed by
O’Connor et al. 2009). The number of participants grew from 230,000 in 1998 to almost
550,000 in 2008, an annual growth rate of 9% (O’Connor et al. 2009). Direct and indirect
expenditures totaled over US $80 million in 2008 (O’Connor et al. 2009). As the industry
has grown, the increased number and size of vessels and the repetitive, up-close nature of
encounters have generated substantial interest within the scientific community in determining
effects of tourism on cetaceans and whether the activity is sustainable (IFAW et al. 1995,
IWC 1996, Hoyt 2007).
Short-term effects
The assessment of effects of tourism on cetaceans is typically limited to short-term
effects on behaviour due to financial and logistical constraints and other difficulties inherent
in long-term research on wild animals. Short-term effects in the presence of vessel traffic
demonstrated by research include changes in swimming speed and direction, habitat use,
communication, inter-individual distance, respiration and dive characteristics, and
3

Some data used in this chapter were also used in Lundquist and Markowitz (2009)
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behavioural state (see Chapter 1 for review). It is often suggested by researchers that such
changes are signs that human activity may be harming the target animals, though such shortterm changes do not offer direct evidence of population-level impacts. Conservative
management dictates that protection should be afforded to the target animals in the face of
such uncertainty, so studies of short-term reactions have become a powerful management
tool. This chapter summarises and discusses short-term effects on the movement patterns of
dusky dolphin groups recorded from shore stations along the Kaikoura coast (Figure 1).
Theodolite tracking
Data were collected using a surveyor’s theodolite (Würsig et al. 1991) connected to a
laptop computer. Using a theodolite to track marine mammals requires several characteristics
of both field site and behaviour of animals. First, animals must be found reasonably close to
shore. Second, the observation site should be elevated high above sea level to minimise
calculation errors associated with the small angle found between the position being calculated
and the horizon (Würsig et al. 1991). This elevation must be precisely known relative to
mean low tide to calculate positions of objects at sea level accurately.
A theodolite measures horizontal and vertical angles to a target. The horizontal angle
is relative to a stationary (zero point) of known location, usually an obvious landmark. The
vertical angle is measured relative to gravity. Given the exact position of the theodolite and
the height above sea level, these angles can be converted to x-y coordinates (latitude and
longitude) with good accuracy. If the height above sea level is 100 meters, an error in height
of 10 centimeters would result in a five meter positional error for an object located five
kilometers away (Bailey and Lusseau 2004). Successive fixes can then be used to determine
speed of travel, reorientation, and other movement parameters. Error in these measurements
is directly related to the accuracy of height measurements and the theodolite itself (Würsig et
al. 1991).
Use of a theodolite to track near-shore cetaceans is a well-established technique first
used in the 1970s (Payne 1995, Würsig and Würsig 1979, 1980). This technique has been
used in studies of at least 20 species in locations around the world (reviewed by Samuels and
Tyack 2000). Theodolite techniques have been used for more than 20 years to track dusky
dolphin groups in the Kaikoura area (summarised by Würsig et al. 2007), beginning with
studies of distribution and movement patterns in the mid-1980s prior to the advent of dolphin
tourism in the area (Cipriano 1992). Further studies examined short-term responses of dusky
dolphins to tourist vessels (e.g. Barr 1997, Yin 1999, Barr and Slooten 1999), and led to a
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voluntary rest period in which Kaikoura tour operators refrain from approaching dusky
dolphin groups between the hours of 11:30 am and 1:30 pm during summer months
(Childerhouse and Baxter 2010). A ten-year moratorium on new commercial marine
mammal viewing permits was instituted in 1999. Data for this chapter were collected to
investigate the current effects of tourism on dusky dolphins in this area and provide further
management recommendations at the end of the moratorium. Some of the data used here
(Chapter 2; Lundquist and Markowitz 2009) were also included in the report submitted to the
New Zealand Department of Conservation by Markowitz et al. (2009).

Figure 1. Study area from Kaikoura Peninsula to Haumuri Bluffs, with 100 m depth
contours. Location of theodolite station used to collect data indicated with arrow.
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METHODS
Focal group follow methods (Altmann 1974) were used to track large pods (>100
individuals) of dusky dolphins near Kaikoura. Positions of dolphin groups and boats were
measured using a Sokkisha DT5 digital theodolite with ±5-sec precision and 30-power
magnification connected to a laptop computer running the program Pythagoras (Gailey and
Ortega-Ortiz, 2002). This program calculates a real-time conversion of horizontal and
vertical angles collected by the theodolite into geographic positions of latitude and longitude
each time a fix is initiated. Pythagoras also allows collection of behaviour and movement
data simultaneously and displays positions, movements, and distances in real-time. The
simultaneous tracking of dolphin groups and boats over time provides information on the
speed and orientation of dolphins, as well as their movements in relation to human activities
(Würsig et al. 1991, Gailey 2001, Gailey and Ortega-Ortiz 2002, Gailey et al. 2004, and
Lundquist 2007).
The theodolite tracking team generally consisted of three people: a theodolite operator
(always DL) to track positions of dolphins and vessels, a spotter using a telescope to count
leaps and watch for other pods or vessels, and a computer operator to enter sighting data into
Pythagoras. Choosing the focal group was generally straightforward, as most often there was
a single large group in the study area. When multiple groups were present within 5-10 km
(depending on conditions) of the shore station, all would be tracked for as long as reasonable.
The focal follow continued until the focal group could no longer be tracked due to distance,
conditions (rain, wind, Beaufort > 3), or end of usable daylight.
The data listed below were recorded every 150 seconds with use of Pythagoras. This
interval is greater than that used by some researchers (Yin 1999, Brown 2000) and less than
that of others (Barr 1997). This interval was determined to be a reasonable interval for
collecting data when multiple vessels were following the focal group (i.e., busy times), while
not losing a substantial degree of fine-scale group movement:
1) Position (latitude and longitude) of the center of the focal dolphin group
2) Behavioural state of the focal dolphin group (see Chapter 2, Table 1 for
definitions)
3) Instantaneous count of the number of individuals performing leaps of different
types (Table 1)
4) Position of all vessels within one km of the dolphin group
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5) Type of vessel (Dolphin-swim tour, dolphin-watch tour, research,
recreational/private, commercial fishing vessel)
6) Behaviour of vessel (traveling, following dolphins, swimming with dolphins,
fishing, stationary)
7) Presence of aircraft
Dolphin groups were defined using the 10-m chain rule developed by Smolker et al.
(1992). Any two dolphins within 10 meters of each other were considered part of the same
group. This chain was then built to include members spread out over a large area, as long as
each individual was within 10 meters of another. Group follows began when a group was
first sighted and continued until the group was lost from view, weather deteriorated, the end
of the day was reached, or other logistical concerns intervened. Different leap types (Table
1) were counted at each interval by performing an instantaneous scan sample of the group
(Altmann 1974). The number of individuals performing each leap type was recorded, along
with the number and types of vessels within 300 m (and below 1000 feet for aircraft) of the
focal group.

Table 1. Definitions of leap types for dusky dolphins
Leap Type
Noisy

Definition
Dolphin leaps and lands with its entire
body on the surface, creating a loud slap
and splash.

Acrobatic

Dolphin leaps out of the water, flips head
to tail, and re-enters the water with a
splash. May also barrel roll in a corkscrew
fashion.

Porpoising

Dolphin repeatedly surges forward out of
the water at high speed, with a clear
direction of travel, re-entering the water
with small amounts of splashing, a
horizontal (forward) orientation and no
clear attempt to slap.

Clean re-entry

Dolphin leaps high out of the water, arches
its back and cleanly re-enters the water
head-first with little splashing, in a vertical
(downward) orientation.
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Leg speed, reorientation rate, and relative orientation of vessels and dolphin groups
were calculated from the successive latitude and longitude positions collected over the course
of each focal follow. Additional information collected on an ad hoc basis included: group
split/join events, presence of other marine mammals, and presence of predators.
The Kaikoura Canyon system has unique geography leading to different behavioural
ecology of dusky dolphins in Kaikoura than in other areas of New Zealand, (Würsig and
Würsig 2010) so no similar control site exists and a Before-After-Control-Impact (BACI)
analytical approach to analyse dolphin responses to vessel traffic (Bejder and Samuels 2004)
was not possible. Due to the frequency of vessel and aircraft approaches to dusky dolphins in
Kaikoura a Before-During-After (BDA) approach (Bejder and Samuels 2004), could not be
used because dolphins were rarely unaccompanied for any length of time (Barr and Slooten
1999, Markowitz 2004, Duprey 2006). Especially in summertime, when early morning
dolphin-swim tours were on the water before sunrise, it often was not possible to locate and
observe dolphins before vessels approached the group. Additionally, there is an at-times
strong increase in tourism activities on weekends and holidays (Duprey 2006).
Separating dolphin responses to vessel traffic from natural variation is also difficult
due to strong seasonal (Cipriano 1992, Markowitz 2004) and diurnal (Barr 1997, Yin 1999,
Markowitz 2004, Würsig et al. 2007) variation in dolphin behaviour. Differences in location
and movement patterns of dusky dolphins between summer (higher tourism activity) and
winter (lower tourism activity) may be due to normal seasonal variations related to
environmental changes (Markowitz 2004) rather than reactions to tourism levels. The
statistical analysis undertaken needed to take into account these confounding factors, and the
methods employed are discussed in detail below.
DATA ANALYSIS
To evaluate how dusky dolphin movement patterns varied relative to vessels, it was
necessary to determine how many vessels were present with the group at any time. A vessel
was considered to be present with dolphins if it was within 300 meters of any member of the
group, which is the threshold dictated by the New Zealand Marine Mammals Protection
Regulations 1992 (SR 1992/322, http://www.legislation.govt.nz/regulation/public/
1992/0322/latest/whole.html). Data recorded in Pythagoras (Gailey and Ortega-Ortiz 2002)
were used to calculate dolphin and vessel positions in latitude and longitude. A maximum
swim speed filter (25 km/hr) was applied to exclude erroneous positions, based on previously
documented maximum horizontal travelling speeds for dusky dolphins (Markowitz 2004). If
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two consecutive fixes in a track for one group were more than 300 seconds apart, the track
was split at this point. Dolphin and vessel positions were interpolated every 150 seconds,
assuming linear travel at a constant speed between subsequent positions. Distance between
the focal group and each vessel was calculated to determine how many vessels were within
300 meters of the group at each point.
Tracks were split into 10-minute segments and the maximum number and type of
vessels present were calculated for each segment. The data were used to calculate the day of
year for each segment, beginning with January 1st as day 1. To account for varying length of
daylight across the year, a time of day index was calculated as the difference between the
time of the sample and sunrise divided by the length of daylight (sunset – sunrise). This
index represented a percentile of daylight hours where sunrise equals 0, midday = 0.5, and
sunset = 1.0.
The following response variables were calculated for each segment: mean leg speed,
reorientation rate, linearity, and leaping rates (Gailey and Ortega-Ortiz 2002, Bejder et al.
2006a, Lundquist 2007). Leg speed (km/hr) is the distance between two successive points
divided by the time interval. Reorientation rate (˚/min) is a measure of how much the group
changed course over time. It is calculated by adding up the absolute values of heading
changes (defined as 0 to 180 degrees relative to the current bearing) and dividing by the
duration of the track in minutes (Smultea and Würsig 1995). Linearity is a dimensionless
index ranging from 0 (no net movement) to 1 (straight line). It is calculated by dividing net
distance from the first to last fix of a track by the sum of all the distances for each leg
(Batschelet 1980). Leaping rates (leaps/min) were calculated by dividing the number of
individuals performing leaps of a certain type by the time interval.
Multiple segments within a track cannot be considered statistically independent, thus
analysing each as a single sample would result in pseudoreplication (Dawson and Lusseau
2005). Linear mixed-effect modelling in R was used to conduct a preliminary analysis to
determine the temporal lag at which two samples from the same group were no longer
autocorrelated. This analysis indicated (Appendix A) that autocorrelation was absent at 20
minutes, so all tracks were filtered so that at least 20 minutes separated any two segments
from the same focal group.
The nature of the data required flexible methods of analysis of dolphin responses to
vessels. Candidate explanatory variables included factors that were ordinal (number of
vessels), categorical (type of vessels, behaviour), categorical but perhaps better treated as
continuous (day of year) and artificially constructed continuous but bounded (time of day).
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Response variables were similarly difficult to classify, with one continuous and bounded by
zero (speed), one continuous and bounded by 0 and 180 (reorientation rate), one an artificial
index bounded by 0 and 1 (linearity), and four that are count data (leap rates). The
underlying distribution of these variables may be Gamma, Poisson, or another unknown
distribution. Sample sizes were unequal, and the response variables violated assumptions of
linear modelling, such as normality and homoscedasticity.
In order to account for the complex structure of the data, generalised additive models
(Venables and Ripley 2002) were fitted using package mgcv in R (Wood 2001) to describe
heterogeneity in dolphin responses to vessels. This package uses thin-plate regression splines
to fit smooth terms for the explanatory variables. It includes a penalty for excessive
flexibility, which is determined by the number of knots used to model the smoothed
relationship for each model term. Smoothing is automated for all model terms
simultaneously, with the multiple generalised cross-validation (GCV) score used within a
maximum likelihood framework to evaluate fit of the model. Because this procedure
evaluates all terms simultaneously, rather than introducing them one-by-one, it avoids
problems inherent to many step-wise procedures (Hastie and Tibshirani 1990).
To aid model convergence, the number of knots in each spline was left at the default
of 10 (9 degrees of freedom). Histograms were evaluated for each response variable to
determine the appropriate distribution and link function to use. Square-root transformations
of speed and reorientation rate were both approximately normal and were modelled using the
quasi-likelihood family with an identity link. Linearity approximated a normal distribution
and was also modelled using the quasi-likelihood family with an identity link. Leap rates
were based on count data and were therefore modelled using the Poisson family with a log
link. Time of day and day of year were included in models as smooth terms, and number of
vessels, type of vessels, and behavioural state were linear terms. Therefore, the fully
saturated model was:
y ~ s(DayOfYear) + s(TimeOfDay) + NumBoats + TypeBoats + BehState
The procedure for dropping terms from the model was based on rules specified by Wood
(2001). Smooth terms were dropped if three conditions were met:
1. The estimated degrees of freedom (edf) was close to 1
2. The confidence interval for the term included zero everywhere
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3. The GCV score dropped and deviance explained increased when the term was
removed
If the first condition was met but not the other two, the smooth term was replaced with a
linear term. Linear terms were dropped if:
1. The parameter coefficient was close to 0
2. The significance of the term was near to 1
3. The GCV score dropped and deviance explained increased when the term was
removed
Before-During-After analysis of bearing
Previous researchers have found indications that dusky dolphins travel southward
along the Kaikoura coastline more often during and after interactions with vessels (Brown
2000, Markowitz and Markowitz 2009), and suggested that this may be in an effort to avoid
vessels approaching from the north, where the commercial marina is located. In the Brown
(2000) study, data were collected from shore, but movement was analysed at a rather broad
level (1 km2 grid blocks) and fine-scale movement would have been lost. In the Markowitz
and Markowitz (2009) study, data were collected from a research vessel, which means the
results may have been affected by the research platform. Latitude and longitude values from
the current study allowed much more precise analysis of direction of travel (bearing) before,
during and after interactions with vessels.
Because the emphasis in this analysis was on commercial swim-with-dolphin vessels,
movement data were filtered to include only those interactions with at least 30 minutes of
data prior to the arrival of vessels (Before) and 30 minutes of interaction between dolphins
and vessels (During). Any interaction which included other types of vessels was also
removed prior to analysis. Because sample sizes were small, no constraint was put on the
length of time required after departure of tour vessels (After).
Bearing was calculated from consecutive positions and split into N-S and E-W vector
components. Both components ranged from 90˚ (North and East) to -90˚ (South and West).
Values were calculated 30 minutes prior to the arrival of vessels (Before), at 10 minute
intervals during the first hour of interactions (During 10 to During 60) and 30 minutes after
vessels departed (After). Analysis of variance was performed on the eight different segments
to determine the magnitude and direction of changes in dolphin group bearing. Post-hoc
comparisons used the Tukey HSD statistic to evaluate differences in means between
segments.
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RESULTS
Effort
Dolphins were successfully tracked from shore on 220 days from January 2008
through to January 2010. A total of 728 hours of tracks were collected for 404 dolphin
groups. Spotting effort was approximately equal across all seasons, but success in locating
and tracking dolphin groups was greater in summer and autumn than in spring or winter
(Table 2). A total of 1203 vessels were observed within one km of dolphins, with uneven
distribution across season and type of vessel (Table 2). After the preliminary autocorrelation
analysis and filtering (Appendix A), 1,286 10-minute segments were available for analysis.

Table 2. Number of dolphin groups and vessels tracked by season and type.
Pods
Days
Hours
Vessels

Summer
148
53
231
403

Autumn
126
53
246
422

Spring
78
51
158
253

Winter
52
35
93
125

Vessel Type Swim-withdolphin tour
# Tracked
470

Dolphin-watch
tour
274

Private
recreational
388

Research

Commercial
fishing
29

42

Leg Speed
The selected model for leg speed included smooth terms for day of year and time of
day and linear terms for number of vessels, type of vessels, and behavioural state:
Sqrt(Speed) ~ s(DayOfYear) + s(TimeOfDay) + NumBoats + TypeBoats + BehState
The model described a significant amount of variation in swimming speed, accounting for
20.4% of the deviance (adj-R2 = 0.19, GCV score = 0.27, n=1286; Table 3). The linear
relationship between number of vessels and speed was negative, indicating that dolphin
groups slowed down when more vessels were present (Figure 2a). Vessel type had no
significant effect on swimming speeds (Figure 2b), though there was some variation between
vessel types. Traveling behaviour resulted in a significantly faster speed than all other
behavioural states except feeding (Figure 2c). The non-linear relationship between time of
year and swimming speed showed lowest speeds were in early autumn, followed by summer
(Figure 2d). There was a sharp rise in swimming speeds in late autumn, with a peak at the
onset of winter and a slow decline through spring (Figure 2d). The non-linear relationship by
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time of day showed peak speeds in early morning and late afternoon, with slowest speeds at
midday (Figure 2e). The fitted residuals for the GAM displayed no pattern, indicating the
model fitted the data well and over-dispersion was accounted for (Appendix B).

Table 3. Summary of selected model for swimming speed with linear (top) and smooth
(bottom) terms. Categorical linear terms are estimated relative to the reference values
for those terms: None (boat type) and Traveling (behavioural state).
Parameter
(Intercept)
NumBoats
BoatType = None
BoatType = Aircraft
BoatType = Mixed
BoatType = Research
BoatType = Private
BoatType = Swim
BoatType = Watch
BehState = Traveling
BehState = Feeding
BehState = Milling
BehState = Resting
BehState = Socialising
s(DayOfYear)
s(TimeOfDay)

Estimate
2.33
-0.06
0
-0.19
0.08
-0.03
0.07
0.11
0.05
0
-0.21
-0.30
-0.39
-0.27
Estimated df
7.91
3.54

SE
0.03
0.03
0
0.11
0.08
0.10
0.08
0.06
0.06
0
0.16
0.03
0.08
0.08

t-value
91.095
-2.364

p-value
<0.0001
0.018

-1.654
0.947
-0.281
0.936
1.808
0.732

0.098
0.3434
0.779
0.350
0.071
0.464

-1.294
-8.985
-4.594
-3.252
F-value
17.01
3.03

0.196
<0.0001
<0.0001
0.001
p-value
<0.0001
0.014
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(e)
Figure 2. Plots of the partial contribution of each explanatory variable in the fitted
GAM for swimming speed: a) Number of vessels, b) Type of vessel, c) Behavioural state,
d) Day of year, and e) Time of day. The x-axis in each plot has a rugplot at the bottom
with tick marks indicating the observations made for each value of the explanatory
variable. Dashed lines represent ±2 SE (roughly 95% confidence intervals). Values
greater than zero on the y-axis indicate positive correlation with swimming speed, zero
corresponds to no effect, and less than zero indicates negative correlation.
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Reorientation rate
The selected model for reorientation included a smooth term for day of year and linear
terms for time of day, number of vessels, type of vessels, and behavioural state:
Sqrt(ReorRate) ~ s(DayOfYear) + TimeOfDay + NumBoats + TypeBoats + BehState
The model described a small amount of variation in reorientation rate, accounting for 4.13%
of the deviance (adj-R2 = 0.0275, GCV score = 1.5932, n=1286; Table 4). The number of
vessels present had no significant effect on reorientation rate (Figure 3a). Aircraft were the
only vessel type that had an effect on the reorientation rate of dolphin groups, with
significantly more change of direction than when no vessels were present (Figure 3b).
Traveling behaviour resulted in significantly less reorientation than milling behaviour, as
would be expected (Figure 3c). The non-linear relationship between time of year and
reorientation rate showed the lowest reorientation rates in the middle of winter (Figure 3d).
Dolphin groups reoriented more often as the day progressed (Figure 3e). The fitted residuals
for the GAM displayed no pattern (Appendix B), but the small amount of deviance accounted
for by the model perhaps indicates that there are other biological factors driving dolphin
group reorientation which were not modeled here.

Table 4. Summary of selected model for reorientation rate with linear (top) and smooth
(bottom) terms. Categorical linear terms are estimated relative to the reference values
for those terms: None (boat type) and Traveling (behavioural state).
Parameter
(Intercept)
TimeOfDay
NumBoats
BoatType = None
BoatType = Aircraft
BoatType = Mixed
BoatType = Research
BoatType = Private
BoatType = Swim
BoatType = Watch
BehState = Traveling
BehState = Feeding
BehState = Milling
BehState = Resting
BehState = Socialising
s(DayOfYear)

Estimate
2.90
0.66
0.02
0
0.77
-0.10
-0.45
-0.06
0.08
0.01
0
0.37
0.33
0.25
0.02
Estimated df
7.908

SE
0.10
0.24
0.06
0
0.28
0.20
0.25
0.19
0.14
0.15
0
0.39
0.08
0.20
0.20

t-value
29.811
2.801
0.370

p-value
<0.0001
0.005
0.712

2.813
-0.507
-1.796
-0.333
0.548
0.058

0.005
0.612
0.073
0.739
0.584
0.954

0.959
4.064
1.247
0.116
F-value
17.013

0.338
<0.0001
0.213
0.908
p-value
<0.0001
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(e)
Figure 3. Plots of the partial contribution of each explanatory variable in the fitted
GAM for reorientation rate: a) Number of vessels, b) Type of vessel, c) Behavioural
state, d) Day of year, and e) Time of day. The x-axis in each plot has a rugplot at the
bottom with tick marks indicating the observations made for each value of the
explanatory variable. Dashed lines represent ±2 SE (roughly 95% confidence intervals).
Values greater than zero on the y-axis indicate positive correlation with reorientation
rate, zero corresponds to no effect, and less than zero indicates negative correlation.
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Linearity
The selected model for linearity included all linear terms - day of year, time of day,
number of vessels, type of vessels and behavioural state:
Linearity ~ DayOfYear + TimeOfDay + NumBoats + TypeBoats + BehState
The model described a small amount of variation in linearity, accounting for 1.98% of the
deviance (adj-R2 = 0.00983, GCV score = 0.023669, n=1286; Table 5). Neither the number
nor type of vessels present had a significant effect on linearity (Figure 4a, b). Traveling
behaviour resulted in significantly more linear travel than milling behaviour, as would be
expected (Figure 4c). Time of year had no significant effect on linearity (Figure 4d).
Dolphin groups travelled in a less linear fashion as the day progressed (Figure 4e). The fitted
residuals for the GAM displayed no pattern (Appendix B), but the small amount of deviance
accounted for by the model indicates that there may be other biological factors driving
linearity of dolphin movement which were not modeled here.

Table 5. Summary of selected model for linearity. Categorical linear terms are
estimated relative to the reference values for those terms: None (boat type) and
Traveling (behavioural state).
Parameter
(Intercept)
DayOfYear
TimeOfDay
NumBoats
BoatType = None
BoatType = Aircraft
BoatType = Mixed
BoatType = Research
BoatType = Private
BoatType = Swim
BoatType = Watch
BehState = Traveling
BehState = Feeding
BehState = Milling
BehState = Resting
BehState = Socialising

Estimate
0.495
0.000
-0.055
-0.001
0
-0.035
0.008
0.007
-0.013
0.006
0.015
0
-0.033
-0.032
-0.038
0.007

SE
0.013
0.000
0.028
0.007
0
0.034
0.024
0.030
0.023
0.017
0.018
0
0.047
0.010
0.025
0.024

t-value
38.007
-1.442
-1.992
-0.208

p-value
<0.0001
0.150
0.047
0.836

-1.037
0.342
0.248
-0.554
0.373
0.828

0.300
0.732
0.804
0.580
0.709
0.408

-0.706
-3.305
-1.526
0.301

0.480
0.001
0.127
0.764
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(e)
Figure 4. Plots of the partial contribution of each explanatory variable in the fitted
GAM for linearity: a) Number of vessels, b) Type of vessel, c) Behavioural state, d) Day
of year, and e) Time of day. The x-axis in each plot has a rugplot at the bottom with
tick marks indicating the observations made for each value of the explanatory variable.
Dashed lines represent ±2 SE (roughly 95% confidence intervals). Values greater than
zero on the y-axis indicate positive correlation with linearity, zero corresponds to no
effect, and less than zero indicates negative correlation.
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Leap data
Leaps were not collected at all times, so 1,138 samples were used for analysis of
changes in number of individuals performing noisy, acrobatic, porpoising, or clean leaps
relative to time of year, time of day, number of vessels, type of vessels, and behavioural state.
Generalised additive models were built using both the Poisson family with a log link and the
binomial family with a logit link.
Noisy Leaps
The selected model for noisy leaps included smooth terms for day of year and time of
day and linear terms for number of vessels, type of vessels, and behavioural state:
Noisy Leaps ~ s(DayOfYear) + s(TimeOfDay) + NumBoats + TypeBoats + BehState
The model described a reasonable amount of variation in noisy leaps, accounting for 13.8%
of the deviance (adj-R2 = 0.0841, URBE score = 1.6426, n=1138; Table 6). The number of
vessels present had a significant positive correlation with noisy leaping (Figure 5a).
Significantly fewer noisy leaps were observed when the research vessel or a mixed group of
vessels was present (Figure 5b). More noisy leaps were observed when dolphins were
milling or socialising than when resting or traveling (Figure 5c). The relationship between
noisy leaping and time of year was cyclical, with peaks at the beginning and end of summer
and middle of winter and lows in spring, autumn, and mid-summer (Figure 5d). Noisy
leaping peaked at mid-morning, decreased through midday, and rose again in late afternoon
(Figure 5e). The fitted residuals for the GAM showed some positive over-dispersion
(Appendix B), possibly due to the large number of zero counts, but was still able to
successfully classify samples by their probability of having noisy leaping occur.
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Table 6. Summary of selected model for noisy leaps with linear (top) and smooth
(bottom) terms. Categorical linear terms are estimated relative to the reference values
for those terms: None (boat type) and Traveling (behavioural state).
Parameter
(Intercept)
NumBoats
BoatType = None
BoatType = Aircraft
BoatType = Mixed
BoatType = Research
BoatType = Private
BoatType = Swim
BoatType = Watch
BehState = Traveling
BehState = Feeding
BehState = Milling
BehState = Resting
BehState = Socialising
s(DayOfYear)
s(TimeOfDay)

Estimate
0.259
0.186
0
-0.061
-0.37088
-0.50773
0.04008
-0.06654
0.04544
0
0.19730
0.21727
-0.04533
0.47860
Estimated df
8.672
8.031

SE
0.046
0.037
0
0.188
0.12925
0.24409
0.11465
0.09208
0.09041
0
0.19509
0.05005
0.14624
0.10406

t-value
5.684
5.027

p-value
<0.0001
<0.0001

-0.326
-2.869
-2.080
0.350
-0.723
0.503

0.744
0.004
0.03752
0.72663
0.46989
0.61528

1.011
4.341
-0.310
4.599
Chi-sq
202.6
115.2

0.31186
<0.0001
0.75656
<0.0001
p-value
<0.0001
<0.0001
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Figure 5. Plots of the partial contribution of each explanatory variable in the fitted
GAM for noisy leaps: a) Number of vessels, b) Type of vessel, c) Behavioural state, d)
Day of year, and e) Time of day. The x-axis in each plot has a rugplot at the bottom
with tick marks indicating the observations made for each value of the explanatory
variable. Dashed lines represent ±2 SE (roughly 95% confidence intervals). Values
greater than zero on the y-axis indicate positive correlation with noisy leaping, zero
corresponds to no effect, and less than zero indicates negative correlation.
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Acrobatic leaps
The selected model for acrobatic leaps included a smooth term for day of year and
linear terms for number of vessels and behavioural state:
Acrobatic Leaps ~ s(DayOfYear) + NumBoats + BehState
The model described a reasonable amount of variation in acrobatic leaps, accounting for 14%
of the deviance (adj-R2 = 0.0609, URBE score = -0.29079, n=1138; Table 7). The number of
vessels present had a positive correlation with acrobatic leaping (Figure 6a). Significantly
more acrobatic leaping was observed when dolphins were milling or socialising than when
resting or traveling (Figure 6b). The relationship between acrobatic leaping and time of year
was significant, with less leaping as the year progressed (Figure 6c). The fitted residuals for
the GAM showed some positive over-dispersion (Appendix B), possibly due to the large
number of zero counts, but the model was still able to successfully classify samples by their
probability of having acrobatic leaping occur.

Table 7. Summary of selected model for acrobatic leaps with linear (top) and smooth
(bottom) terms. Categorical linear terms are estimated relative to the reference values
for those terms: Traveling (behavioural state).
Parameter
(Intercept)
NumBoats
BehState = Traveling
BehState = Feeding
BehState = Milling
BehState = Resting
BehState = Socialising
s(DayOfYear)

Estimate
-2.445
0.116
0
0.564
0.777
-0.794
1.251
Estimated df
7.634

SE
0.139
0.055
0
0.599
0.157
0.719
0.250

t-value
-17.543
2.114

p-value
< 0.0001
0.0345

0.941
4.956
-1.104
5.000
Chi-sq
49.16

0.3467
<0.0001
0.2695
<0.0001
p-value
<0.0001
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(b)

(c)
Figure 6. Plots of the partial contribution of each explanatory variable in the fitted
GAM for acrobatic leaps: a) Number of vessels, b) Behavioural state, and c) Day of
year. The x-axis in each plot has a rugplot at the bottom with tick marks indicating the
observations made for each value of the explanatory variable. Dashed lines represent
±2 SE (roughly 95% confidence intervals). Values greater than zero on the y-axis
indicate positive correlation with acrobatic leaping, zero corresponds to no effect, and
less than zero indicates negative correlation.

Porpoising
The selected models for porpoising included smooth terms for day of year and time of
day and linear terms for number of vessels, type of vessels, and behavioural state:
Porpoising ~ s(DayOfYear) + s(TimeOfDay) + NumBoats + TypeBoats + BehState
The model described a reasonable amount of variation in porpoising, accounting for 22.5% of
the deviance (adj-R2 = 0.073, URBE score = 7.4616, n=1138; Table 8). The number of
vessels present had a significant negative correlation with porpoising (Figure 7a).
Significantly more porpoising was observed when private or swim tour boats were present
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(Figure 7b). Porpoising significantly correlated with behavioural state, with the highest rates
when dolphins were traveling, followed in descending order by feeding, milling, resting, and
socialising (Figure 7c). Porpoising peaked in autumn, with lowest levels in early summer
(Figure 7d). Porpoising peaked early in the morning and slowly declined throughout the day
(Figure 7e). The fitted residuals for the GAM showed some positive over-dispersion
(Appendix B), possibly due to the large number of zero counts, but the model was still able to
successfully classify samples by the probability of porpoising occurring.

Table 8. Summary of selected model for porpoising with linear (top) and smooth
(bottom) terms. Categorical linear terms are estimated relative to the reference values
for those terms: None (boat type) and Traveling (behavioural state).
Parameter
(Intercept)
NumBoats
BoatType = None
BoatType = Aircraft
BoatType = Mixed
BoatType = Private
BoatType = Swim
BoatType = Watch
BehState = Traveling
BehState = Feeding
BehState = Milling
BehState = Resting
BehState = Socialising
s(DayOfYear)
s(TimeOfDay)

Estimate
0.329
-0.373
0
-0.065
0.300
0.985
0.749
-0.069
0
-0.840
-1.427
-2.06639
-3.31985
Estimated df
8.633
8.715

SE
0.054
0.056
0
0.221
0.155
0.092
0.101
0.134
0
0.232
0.084
0.30405
0.50129

t-value
6.139
-6.681

p-value
<0.0001
<0.0001

-0.294
1.933
10.746
7.451
-0.514

0.769
0.053
<0.0001
<0.0001
0.607

-3.614
-17.015
-6.796
-6.623
Chi-sq
679.5
729.9

0.0003
<0.0001
<0.0001
<0.0001
p-value
<0.0001
<0.0001
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(e)
Figure 7. Plots of the partial contribution of each explanatory variable in the fitted
GAM for porpoising: a) Number of vessels, b) Type of vessel, c) Behavioural state, d)
Day of year, and e) Time of day. The x-axis in each plot has a rugplot at the bottom
with tick marks indicating the observations made for each value of the explanatory
variable. Dashed lines represent ±2 SE (roughly 95% confidence intervals). The x-axis
in each plot has a rugplot at the bottom with tick marks indicating the observations
made for each value of the explanatory variable. Values greater than zero on the y-axis
indicate positive correlation with porpoising, zero corresponds to no effect, and less
than zero indicates negative correlation.
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Clean leaps
The selected models for clean leaps included smooth terms for day of year and time of
day and linear terms for number of vessels, type of vessels, and behavioural state:
Clean Leaps ~ s(DayOfYear) + s(TimeOfDay) + NumBoats + TypeBoats + BehState
The model described a reasonable amount of variation in clean leaps, accounting for 27% of
the deviance (adj-R2 = 0.177, URBE score = 0.27652, n=1138; Table 9). The number of
vessels present had a significant positive correlation with clean leaps (Figure 8a).
Significantly fewer clean leaps were observed when watching tour boats were present (Figure
8b). Clean leaps were significantly more likely when dolphins were socialising (Figure 8c)
and clean leaps peaked in summer autumn, with lowest levels in winter (Figure 8d).
Relatively constant rates of clean leaping were observed throughout the day (Figure 8e). The
fitted residuals for the GAM showed some positive over-dispersion (Appendix B), possibly
due to the large number of zero counts, but the model was still able to classify samples by the
probability of clean leaps occurring.

Table 9. Summary of selected model for clean leaps with linear (top) and smooth
(bottom) terms. Categorical linear terms are estimated relative to the reference values
for those terms: None (boat type) and Traveling (behavioural state).
Parameter
(Intercept)
NumBoats
BoatType = None
BoatType = Aircraft
BoatType = Mixed
BoatType = Private
BoatType = Swim
BoatType = Watch
BehState = Traveling
BehState = Feeding
BehState = Milling
BehState = Resting
BehState = Socialising
s(DayOfYear)
s(TimeOfDay)

Estimate
-1.749
0.154
0
-0.761
-0.206
0.078
-0.238
-0.681
0
-0.006
0.195
0.431
1.314
Estimated df
8.676
7.414

SE
0.131
0.076
0
0.518
0.265
0.206
0.193
0.240
0
0.400
0.110
0.283
0.143

t-value
-13.347
2.023

p-value
<0.0001
0.043

-1.47
-0.778
0.381
-1.235
-2.842

0.141
0.436
0.703
0.217
0.004

-0.014
1.784
1.523
9.17
Chi-sq
107.9
130.2

0.989
0.074
0.128
<0.0001
p-value
<0.0001
<0.0001
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Figure 8. Plots of the partial contribution of each explanatory variable in the fitted
GAM for clean leaps: a) Number of vessels, b) Type of vessel, c) Behavioural state, d)
Day of year, and e) Time of day. The x-axis in each plot has a rugplot at the bottom
with tick marks indicating the observations made for each value of the explanatory
variable. Dashed lines represent ±2 SE (roughly 95% confidence intervals). Values
greater than zero on the y-axis indicate positive correlation with clean leaping, zero
corresponds to no effect, and less than zero indicates negative correlation.
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Bearing of travel by dolphin groups before, during, and after tour interactions
After filtering, a total of 117 clean tracks were available for B-D-A analysis of
bearing. One Before segment and three During segments were available for all tracks, 89 had
a 4th During segment, 74 had a 5th During segment, 65 had a 6th During segment and 67 tracks
included an After segment. ANOVA tests indicated that North-South movement of dolphin
groups was significantly affected by interactions (F7,755 = 2.039, p=0.048), while East-West
movement was not significantly affected (F7,755 = 1.643, p=0.120). Post-hoc comparison of
North-South means found significant differences between dolphin bearing before interactions
and dolphin bearing 10 minutes, 20 minutes, and 50 minutes into interactions (Figure 9).
Dolphin groups moved southward most often before interactions but turned slightly
northward in the first 20 minutes of interaction (Figure 9). After interactions, dolphin groups
again traveled southward, though at a reduced rate compared to before arrival of vessels
(Figure 9).

* *

*

Figure 9. North-South bearing of dolphin groups before, during, and after interactions
with vessels. The Before segment was taken 30 minutes prior to the interaction. During
segments occurred 10-60 minutes after the start of the interaction (as indicated in the
label), and the After segment was 30 minutes after the interaction ended. Box plots
span the interquartile range, with median indicated and whiskers representing the
range of the data. Asterisks indicate significant differences between marked segment
and Before segment.

Chapter 3 – Short-term effects of tourism on movement patterns of dusky dolphin groups

68

DISCUSSION
Results presented here describe natural and anthropogenically driven variation in
movement patterns of dusky dolphins relative to time of day, time of year, and the presence
of vessels. The seasonal and diurnal variability in dolphin movement patterns is quite large,
as evidenced by the significance of these factors in the majority of the models analysed.
Summer months were characterised by slower group speeds, more changes of direction, and
more leaping. Winter months had faster, more linear group movements and less leaping.
Group speeds and leaping rates were higher at the beginning and end of the day, with slower
speeds and less leaping at midday.
The reasons for seasonal and diurnal variation are likely linked to lifestyle
characteristics of dusky dolphins in the Kaikoura area. Calves are born in late spring
(Cipriano 1992), so slower group speeds may be partially linked to the presence of calves.
Dusky dolphins generally feed at night in deep water over the Kaikoura Canyon system
(Benoit-Bird et al. 2004), and short summer nights (i.e. reduced foraging time) may require
more rest (slower speeds) during the day. Cipriano (1992) and Markowitz (2004) found that
dusky dolphin groups were sighted over a much larger area in winter than in summer, which
is logical given the increased speeds and more linear movements described here for winter. It
is possible that prey is more consistently available during summer months and dolphins do
not need to forage over a wider area, resulting in slower group speeds during the day.
Conception generally occurs in early summer (Cipriano 1992), so elevated leaping rates may
be linked to increased levels of socialising during summer months. This is particularly true
for clean leaps, which are often seen in conjunction with mating activity. Higher travel
speeds in late afternoon may be attributed to the necessity of moving to and from offshore
areas of the Kaikoura Canyon in preparation to feed at night (Benoit-Bird et al. 2004).
Higher morning speeds may reflect the movement of dolphins which have spread out and
separated over a night of foraging coming back toward shallow, near-shore waters (Würsig
and Würsig 1979). Increased leaping rates in the morning may be the result of dolphins
signaling each other in an effort to re-form groups for safety and socialisation (Würsig and
Würsig 1979). Late morning brings a period of low activity (Cipriano 1992, Barr 1997),
indicated by slower group speeds and reduced leaping.
The analysis techniques used here made it possible to link changes to human activity
despite the large amount of natural variation in dusky dolphin movement patterns. Dusky
dolphin groups moved more slowly and engaged in noisy and acrobatic leaps more frequently
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when vessels were present. Dolphins were significantly more likely to travel in a northerly
direction during an interaction than before or after an interaction. Effects were greater as the
number of vessels increased, and some variation in response was observed depending upon
the type of vessel present. These results mirror those seen for other cetacean species relative
to vessel traffic. Short-term changes in speed and direction of movement have been
described for killer whales (Kruse 1991, Williams et al. 2002), bottlenose dolphins (Nowacek
et al. 2001, Stensland and Berggren 2007), and spinner dolphins (Timmell et al. 2008) among
other species. Behavioural changes have been documented for bottlenose dolphins (Janik and
Thompson 1996, Constantine 2001, Lusseau 2006, Bejder et al. 2006b), killer whales (Trites
and Bain 2000, Lusseau et al. 2009), common dolphins (Stockin et al. 2008), dusky dolphins
(Dans et al. 2008) and Hector’s dolphins (Bejder et al. 1999, Martinez 2010).
Comparison with previous research
Previous research at Kaikoura has demonstrated responses of dusky dolphins to vessel
traffic, and results presented here extend our knowledge for the large groups most often
targeted by tourism. Most reactions described here support earlier findings. Barr and Slooten
(1999) found dolphins performed more clean leaps and more noisy leaps in the presence of
vessels. The current study found the same effect, in addition to increased levels of acrobatic
leaping and decreased levels of porpoising. Dahood (2009) found that reorientation rate did
not significantly change when vessels were present, which is the same as what was described
here.
Some findings do not match those previously reported. Barr and Slooten (1999) and
Dahood (2009) both examined speed of dolphin group movement in the presence of vessels
and found no significant changes. The current study confirms that dolphin groups move
more slowly when boats are present. Barr and Slooten (1999) also found no changes relative
to the number of vessels, while this was an important factor identified here. The most
plausible explanation for this difference is that increased statistical power of the current study
revealed an effect which was not previously identifiable. Alternatively, it is possible that
dolphins are less tolerant of the presence of multiple vessels than they were formerly, and a
response exists now where it did not in the past. This possibility will be examined in greater
detail in Chapter 4.
Brown (2000) described an apparent southward shift in dusky dolphin observations
when comparing locations with those reported by Cipriano (1992) prior to the advent of
tourism in Kaikoura. Dusky dolphins utilise a larger area within a day than can be observed
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from a shore platform, feeding offshore at night (Benoit-Bird et al. 2004) and moving to
shallower inshore waters during the day (Cipriano 1992). Individuals or groups may shift
habitat to other parts of New Zealand at different times of year (Markowitz 2004). Because
of this fluidity, changes in habitat usage within the small portion of their range visible from a
shore platform may be difficult to elucidate. Whether a shift has occurred will be examined
further in Chapter 4, but dolphin groups in the current study were more likely to travel
northward during an interaction, rather than southward as might be expected.
Yin (1999) tracked small groups from shore and found that they swam in a more
linear fashion when vessels were present, but did not alter their speed. This is the inverse of
what was found for large groups in the present study, so it appears that some reactions may
be different for a few animals versus hundreds. Small groups in the Kaikoura area are often
either nursery or mating groups, which might reasonably be expected to react differently to
vessels than large groups of adults. Calves (and mating) are often present in the large groups
targeted by tourism vessels (Duprey 2007, Markowitz et al. 2009). The presence of a large
number of conspecifics, however, may buffer the effect of the activity by allowing vulnerable
or disinterested animals to avoid vessels more easily, resulting in a different response.
Consequences of short-term changes
Williams et al. (2006) suggested that deleterious energetic effects may result from
short-term changes in movement patterns of cetaceans targeted by tourism traffic. Dusky
dolphins leapt more (a high energy activity) in the presence of vessels, but the low incidence
of leaping within a group – perhaps a few percent of the individuals at any one time – means
that the effect of this increase on individual fitness should be relatively small. Dolphin
groups at Kaikoura slow down in the presence of vessels, making it possible that they are
using less energy than when no vessels are present. This may be a misleading result,
however, since milling increases in the presence of vessels (Chapter 2). It is possible that
group speeds decrease at the same time that individual speeds (and thus individual energy
expenditure) increase, if dolphins are racing in different directions. Increased levels of
vigilance associated with a disturbance or increased effort required to maintain cohesion of
the pod might also necessitate additional energy expenditure (Frid and Dill 2002). However,
because dusky dolphins are highly mobile, moving between areas of New Zealand at different
times of year (Markowitz 2004), any increase in energy expenditure due to tourism vessels
may be quite small in relation to normal energy budget variation, and therefore not expected
to result in population-level effects. The biological significance of these changes would best
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be evaluated by the sort of energetic study proposed in Chapter 2, whereby individuals are
tagged and controlled experimental vessel interactions are conducted to determine the
magnitude of energetic expenditure associated with the presence of the vessel. Combining
such a study with estimations of daily energy expenditure would permit managers to establish
threshold values for management of the activity.
Social groupings of cetaceans have many functions: increased predator detection and
defense (Hamilton 1971), increased foraging efficiency (Wells et al. 1999), facilitation of
reproduction (Norris and Dohl 1980), and promotion of social bonding (Würsig 1984). These
functions have been described for a variety of marine mammal species, including bottlenose
dolphins (Connor et al. 2000), killer whales (Baird 2000), southern right whales (Sironi
2004), and dusky dolphins (Markowitz 2004). Communication is an essential part of any
social grouping, and because dolphins live in a fluid in which sound travels better than light,
communication is often via sound. When animals are moving as a group, a few informed
individuals within the group may be able to direct the overall movement (Couzin et al. 2005).
However, during vessel interactions motor noise may mask communication (Richardson and
Würsig 1995) and lead to confusion within the group, as the individuals with critical
knowledge cannot be heard. Increased levels of leaping in the presence of vessels may be a
way of communicating with conspecifics in the presence of increased background noise and
may be an important indicator of disturbance. This could be tested in conjunction with the
acoustic study proposed in Chapter 2, by monitoring leaping during the experimental vessel
interaction and analysing the acoustic data for the associated sounds.
While short-term changes are evident, it is not immediately apparent whether
detrimental long-term impacts are occurring. Some characteristics of behavioural ecology of
dusky dolphins off Kaikoura would appear to make this population resilient to the effects of
vessel traffic. Large numbers of animals (Würsig et al. 2007), seasonally present individuals
(Markowitz 2004), feeding at night (Benoit-Bird et al. 2004), and the ability to move away
from tourism areas from day to day are all likely to reduce the effects on individual dolphins.
Management restricting the number of commercial tours and vessels may also help minimise
effects. Markowitz et al. (2009) linked the number of times each vessel approached dolphins
with increased magnitude of effects, and results presented here also linked the number of
vessels present with increased responses. Therefore, the simplest way to minimise effects of
tourism on dusky dolphins would be to limit the number of vessels permitted to interact with
them. Although aircraft only visit dolphin groups briefly (Markowitz et al. 2009), the
significant change in reorientation rate associated with these visits indicates these tours must

Chapter 3 – Short-term effects of tourism on movement patterns of dusky dolphin groups

72

continue to be managed very carefully to mitigate the effects on dusky dolphins. As the
interaction between dolphins and aircraft is generally acoustic in nature, experimental
approaches by airplanes and helicopters should be included in the proposed acoustic study.
Future work
Based on recommendations submitted by Markowitz et al. (2009), the New Zealand
Department of Conservation made several changes to operating conditions for companies
permitted to interact with dusky dolphins at Kaikoura. New regulations were instituted which
created a mandatory midday (11:30 am – 1:30 pm) rest period from November through
February, during which commercial operators are not allowed to approach dolphin groups (A.
Baxter, New Zealand Department of Conservation, personal communication). The number of
swim drops was limited to five per vessel per trip (A. Baxter, personal communication), to
limit the intensity and duration of any single tour, particularly when dolphins are uninterested
or avoiding interactions. Additionally, a five-year moratorium on additional marine mammal
viewing permits was instituted (A. Baxter, personal communication). Between now and the
end of the moratorium, it is important to assess the effect of the new operating conditions.
Behavioral observations should continue to be made from shore and onboard tour vessels to
determine whether the amount of interaction time between dolphins and vessels has been
reduced, and whether dolphin responses have changed. Because responses of dolphins
appear to be linked to vessel noise, it is critically important to investigate source noise levels
of tourism vessels at Kaikoura to determine whether certain vessels are more likely to elicit
responses than others. Energetic and acoustic studies such as those proposed above should be
undertaken. Completing these studies before the end of the current moratorium would
permit managers to make decisions about amendments to operational conditions based on
measures of physiological effects in addition to the behavioural effects described here. This
will allow managers to establish threshold criteria for the amount of vessel noise and
behavioural change that can be accommodated without expecting deleterious impacts. Using
quantifiable criteria for management would be an improvement on the current strategy, which
generally falls back upon the precautionary principle for decision-making.

CHAPTER 4
Long-term comparison of movement patterns and behaviour of dusky
dolphin groups monitored from shore stations – 1984-2010
INTRODUCTION
Assessing long-term effects
Assessing long-term population level impacts on cetaceans due to human activity is a
difficult task for logistical, bureaucratic, and political reasons. Individuals are hard to
identify, approval may be difficult to obtain, observation conditions at sea are often poor, and
funding for long-term studies is almost never guaranteed. Despite these challenges, there are
now an increasing number of studies providing insights useful for management and
conservation efforts. Studies by Bejder (2005), Bejder et al. (2006a, 2006b), Lusseau (2004),
and Lusseau et al. (2006) linked tour boat traffic to long-term effects on dolphin populations,
including displacement, reduced reproductive success, and declining populations. These
studies also highlighted the difficulty of using short-term responses to draw conclusions
about long-term effects.
Evaluating long-term effects of human activity on wild animals using short-term
responses is often done by determining how responses change over time. Animals may
become habituated, tolerant, or sensitised to a particular activity (Bejder et al. 2009).
Behavioural habituation is characterised by a waning response to a stimulus over time as the
individual learns the stimulus is not followed by either harm or reward (Thorpe 1963), and an
inherent part of this process is learning on the part of the individual (Bejder 2005). Tolerance
is a measure of the intensity of a particular stimulus an individual will withstand before
responding (Nesbit 2000). Sensitisation is an increase in response to a stimulus over time and
is often characterised by an avoidance response (Constantine 2001). Habituation and
tolerance are easily confused, as both are characterised by little to no response, whereas
sensitisation is easier to identify because of the increase in response. But animals which
appear to be habituated may still have physiological responses (Fowler 1999) which are not
easily measured, particularly in cetaceans. And a waning response over time may be due to
sensitive animals being displaced (thereby lessening the measured overall response) rather
than habituation (Bejder 2006a). Therefore, great care must be taken in interpreting results
and making management decisions
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In Bejder et al. (2006a, 2006b), bottlenose dolphins in Shark Bay, Western Australia
had shorter, weaker short-term reactions to vessels in a tourism area compared to a nontourism area. Initially, this might suggest that dolphins had become habituated to boat traffic
and the tourism could continue unabated. However, further investigation of dolphin
abundance in the area demonstrated that a significant decline in abundance in the tourism
area occurred when tourism traffic doubled from one boat to two, while no decline was seen
in the adjacent non-tourism area (Bejder et al. 2006b). This suggested that dolphins that were
most sensitive to boat traffic were displaced when traffic exceeded their threshold of
tolerance. This study demonstrates how a negative population-level impact (displacement of
sensitive individuals) might actually be masked by a positive short-term effect (moderated
response).
Lusseau (2003, 2004, 2005, 2006) and Lusseau et al. (2006) linked boat traffic to a
number of short- and long-term reactions by bottlenose dolphins in New Zealand, including
horizontal avoidance, area avoidance, and declining populations. Considered independently,
these results provide support for reducing or restricting tourism in the affected area.
Subsequent research suggested that tourism was not the sole cause of this decline, however,
but merely one of several important anthropogenic effects (Currey et al. 2009, 2010). This
study demonstrates the difficulty of determining why observed changes have occurred,
especially in cases where multiple anthropogenic influences exist.
Weinrich and Corbelli (2009) found no correlation between whale-watch exposure
and calf production or survival among humpback whales (Megaptera novaeangliae) targeted
by tourism on their feeding grounds off southern New England, though there were
suggestions that females already alive when tourism began might be more susceptible to
impacts than others. In certain comparisons, they found a positive correlation between high
levels of tourism exposure and calf production and survival. They suggest that this
correlation exists because tour boats target areas with the highest density of whales, which
are likely to be the most high-quality feeding areas, perhaps leading to the interpretation that
the whales encountered are the most fit and therefore the most likely to bear healthy calves
(Weinrich and Corbelli 2009). This study highlights the difficulty of separating
anthropogenic effects from natural biological differences.
Marine tourism began in Kaikoura, New Zealand in 1987, when a company began
taking tourists to view sperm whales. Two years later, tourism began which targeted dusky
dolphins. Dolphin tourism began as a small, seasonal offering but grew quickly, growing
from 1300 customers in the summer of 1990-91 to 5000 customers in 1991-92 (Buurman
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2010). Year-round operations commenced in 1994, and in 1995 11,000 tourists swam with
dolphins (Dennis Buurman, Encounter Kaikoura, personal communication). In 1999 this
grew to 19,000 (Buurman pers. comm.). Growth leveled off beginning in 2000 with 2327,000 tourists being taken annually to watch or swim with dusky dolphins by the dolphinswim company (Buurman 2010, Buurman pers. comm.). On the back of whale and dolphin
tourism, Kaikoura experienced rapid growth in the 1990s and the number of tourists
skyrocketed, reflected by an increasing number of visitors to the Kaikoura Information
Centre (Figure 1).

250000	
  
Barr	
  1997	
  

Cipriano	
  1992	
  

Brown	
  2000	
  

Current	
  study	
  

150000	
  

100000	
  

50000	
  

0	
  

Dolphin	
  
watching	
  
begins	
  
Whale	
  
watching	
  
begins	
  

1984	
  
1985	
  
1986	
  
1987	
  
1988	
  
1989	
  
1990	
  
1991	
  
1992	
  
1993	
  
1994	
  
1995	
  
1996	
  
1997	
  
1998	
  
1999	
  
2000	
  
2001	
  
2002	
  
2003	
  
2004	
  
2005	
  
2006	
  
2007	
  
2008	
  
2009	
  
2010	
  

Number	
  of	
  Annual	
  Visitors	
  

200000	
  

Year	
  

Figure 1. Number of annual visitors to the Kaikoura Visitor Centre. Years in which
tourism enterprises began are indicated with arrows. Years of data included in the
long-term analysis are shown, along with reference to the study for which the data was
collected. Visitor data provided by Kaikoura Information and Tourism, Inc.
This chapter evaluates, summarises, and discusses changes in behaviour and
movement patterns of dusky dolphin groups recorded from shore stations along the Kaikoura
coast between 1984 and 2010. Data were collated from multiple studies (Cipriano 1992, Barr
1997, Brown 2000, the current study) conducted over this period (Figure 1). This dataset is
unique because it contains data from three distinct periods: 1) Pre-tourism: prior to the advent
of dusky dolphin tourism (1984-1988, Cipriano 1992); 2) Mid-tourism: as dolphin tourism
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was growing (1993-1995, Barr 1997; 1998-1999, Brown 2000); and 3) Late-tourism: when
tourism was fully matured (2008-2010, current study). Analysis of changes in dolphin
behaviour and movement patterns over time allows comparison at differing levels of tourism
development. Careful interpretation of changes provides insight into whether dolphins have
become habituated or sensitised to the activity, or perhaps tolerate it because no better
alternative is available (Bejder 2005).
METHODS
Study data
Theodolite techniques have been used for more than 25 years to track dusky dolphin
groups in the Kaikoura area (summarised by Würsig et al. 2007, Figure 2). The first study
was conducted by Cipriano (1992), who examined distribution and movement patterns from
1984-1988, prior to the advent of dolphin tourism. A study by Barr (1997) examined shortterm responses of dusky dolphins to tourist vessels between 1993 and 1995 and led to a
voluntary midday rest period (11:30 am to 1:30 pm from December through February) by
Kaikoura tour operators beginning in 2000 (Childerhouse and Baxter 2010). Brown (2000)
collected behaviour and movement data to examine potential changes due to dolphin tourism
while the industry was growing in 1998-1999. Data from each study was obtained with the
cooperation of the primary researchers, and is compared here with data collected as described
in Chapters 2 and 3.

Chapter 4 – Long-term comparison of movement patterns and behaviour of dusky dolphins

77

Figure 2. Study area from Kaikoura Peninsula to Haumuri Bluffs, with 100 m depth
contours. Location of theodolite station used to collect data indicated with arrow.
In each study, focal group follow methods (Altmann 1974) were used to track large
pods (>100 individuals) of dusky dolphins near Kaikoura. Tracking methods and data
collected in the current study are described in detail in Chapter 2 and Chapter 3. Specific
theodolite tracking methods used by previous researchers can be found in Cipriano (1992),
Barr (1997) and Brown (2000). Theodolite data from these studies were imported into
Pythagoras (Gailey and Ortega-Ortiz 2002), corrected for tide level, checked for erroneous
positions, and filtered for a maximum speed of 25 km/hr. Data from the current study were
filtered to exclude the time of year that did not overlap with the other three studies (June
through October). In the current study the middle of the dolphin group was always tracked.
In cases where the researcher tracked the front and back of the group rather than the middle
(Barr 1997, Cipriano 1992), the mid-point was calculated as the mean of the two end points
so that comparisons were equal between years. Each track was split into 10-minute samples
with a minimum of three fixes per sample. Samples were interpolated at 150-seconds,
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assuming that dolphins traveled in a straight line at a constant speed between fixes. Based on
the autocorrelation analysis in Appendix A, samples were filtered so that at least 20 minutes
separated any two segments from the same focal group. Distance between the focal group
and each vessel was calculated to determine how many vessels were within 300 meters of the
group at each point. The maximum number of vessels present, type of vessels present, and
time of day index (as described in Chapter 3) were calculated for each segment. The
following response variables were calculated for each segment: mean leg speed, reorientation
rate, bearing, and linearity (Gailey and Ortega-Ortiz 2002, Bejder et al. 2006a).
Group behavioural state data were compared between the current study and Brown
(2000). Behavioural data from Cipriano (1992) and Barr (1997) could not be compared in an
appropriate manner and were therefore excluded from this analysis. Brown (2000) recorded
the following states: Traveling, Resting, Milling, Surfing, Unknown, and Various. The first
three of these correspond to the current study, but the last three do not, and Brown did not
record Socialising or Feeding as discrete behavioural states. Because of this difference,
behavioural states were combined as shown in Table 1. Feeding and Surfing were combined
with Traveling, as all three states are high-energy activities, with forward-directed movement.
Socialising and Various were combined with Milling, as these states represent a middle
ground where different members of the group are engaged in different activities. Behaviour
described as Unknown (7% of the sample collected by Brown (2000)) was not used for
analyses as it could not be classified appropriately.

Table 1. Combination of group behavioral states of dusky dolphins for comparison
between current study and Brown (2000).
State for comparison
Resting

Current study
Resting

Brown (2000)
Resting

Traveling

Traveling, Feeding

Traveling, Surfing

Milling

Milling, Socialising

Milling, Various

DATA ANALYSIS
Behaviour
To evaluate whether dusky dolphin behaviour varied over time with vessels present, it
was necessary to account for natural variation. Each behavioural sample was classified
according to the presence or absence of vessels, time of day, and tourism period collected. A
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vessel was considered to be present with dolphins if it was within 300 meters of any member
of the group, the threshold dictated by the New Zealand Marine Mammals Protection
Regulations (1992). To account for varying length of daylight across the year, a time of day
index was calculated as the difference between the time of the sample and sunrise divided by
the length of daylight (sunset – sunrise). This index represented a percentile of daylight
hours where sunrise equals 0, midday = 0.5, and sunset = 1.0. This was used to classify each
sample as morning (<0.33), midday (0.33-0.66), or afternoon (>0.66). The tourism period
was defined as either Mid for data collected by Brown (2000) or Late for data collected in the
current study. The majority of behavioural samples for comparison were in summer, with a
small number in spring and autumn, so seasonal differences were not included in this
analysis.
Behavioural state observations were analysed as a series of time-discrete Markov
chains (Markov 1906) as described in Chapter 2. First-order Markov chain analyses were
used to quantify the dependence of each behaviour event on the preceding event in the
behavioural sequence. Markov chains were used to build transition matrices of preceding
behaviour (at time 0) versus succeeding behaviour (at time 1) for each transition within the
Control (no vessels present) and Treatment (while vessels were present within 300 meters of
the focal dolphin group) chains, split by tourism period and time of day. Log-linear analysis
was conducted in R (R Development Core Team 2010) to test whether the presence of vessels
altered the likelihood of dolphins moving from one behavioural state to another. This was
accomplished by using count data from transition matrices and testing models in R for all
combinations of parameters and interactions between parameters. Maximum likelihood for
the model being tested was approximated by ! ! . Comparing the goodness-of-fit for each
model to the goodness-of-fit for the fully saturated model (!" ! ) approximated the effect of
the missing parameters (Lusseau 2003). Degrees of freedom were the difference in degrees
of freedom between the two models. Evaluating the significance of this difference
determined which parameters were significant. Akaike Information Criteria (AIC, Akaike
1974) values were calculated to choose the best-fitting model.
The transition probability for each behavioural state transition was calculated by
dividing the number of times a transition from preceding behaviour i to succeeding behaviour
j was observed by the total number of times i was seen as the preceding behaviour:

!!" =   

!!"
! !!"
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! !!"

is the

number of times i was the preceding behaviour. By comparing calculated probabilities
between different chains using a Z-test for proportions (Fleiss 1981) it was possible to test
whether interactions with vessels had a significant effect on behaviour of dolphins.
Assembling matrices for different times of day, tourism period, and vessel presence allowed
for testing for changes relative to these variables.
Bout length (tii) is the mean length of time the group spends in a certain behavioural
state before switching to another. This was calculated by the following equation using the
assumptions set forth in Lusseau (2003):
!!! =   

1
1 − !!!

where pii is the probability of transitioning from behaviour i back to behaviour i. The
standard error for bout length was calculated as:
!" =   

!!! ∗ 1 − !!!
!!

where ni is the number of times where behaviour i was observed as the preceding behaviour.
Movement patterns
As described in Chapter 3, generalised additive models (Venables and Ripley 2002)
were fitted using package mgcv in R (Wood 2001) to describe heterogeneity in dolphin
responses to vessels over time. Natural variation was modelled by including time of day
index (as described above) and day of season (beginning with Nov. 1st = 1 and adding 1 for
each day through May 31st). Anthropogenic influences were examined by including number
of vessels present and type of vessels present. Temporal changes were evaluated by
including tourism period (1984-88 = None, 1993-1999 = Mid, 2008-2010 = Late).
Candidate explanatory variables included factors that were ordinal (number of
vessels), categorical (type of vessels, tourism period), categorical but perhaps better treated as
continuous (day of season) and artificially constructed continuous but bounded (time of day).
Response variables included one continuous and bounded by zero (speed), one continuous
and bounded by 0 and 180 (reorientation rate), and one an artificial index bounded by 0 and 1
(linearity). Behavioural state was not included because it was not available in all sets of data
(Cipriano, Barr). Histograms were evaluated for each response variable to determine the
appropriate distribution and link function to use. Square-root transformations of speed and
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reorientation rate were both approximately normal and were modelled using the quasilikelihood family with an identity link. Linearity approximated a normal distribution and was
also modelled using the quasi family with an identity link.
Time of day and day of season were included in models as smooth terms, and number
of vessels, type of vessels, and tourism period were linear terms. Therefore, the fully
saturated model was:
y ~ s(DayOfSeason) + s(TimeOfDay) + NumBoats + TypeBoats + TourismPeriod
The procedure for dropping terms from the model was based on rules specified by Wood
(2001). Smooth terms were dropped if three conditions were met:
1. The estimated degrees of freedom (edf) was close to 1
2. The confidence interval for the term included zero everywhere
3. The GCV score dropped and deviance explained increased when the term was
removed
If the first condition was met but not the other two, the smooth term was replaced with a
linear term. Linear terms were dropped if:
1. The parameter coefficient was close to 0
2. The significance of the term was near to 1
3. The GCV score dropped and deviance explained increased when the term was
removed
Before-During-After analysis of bearing
Analysing the bearing of dolphin group travel before, during, and after interactions
with boats provided information on how dolphins respond to interactions. Ideally, it would
be possible to analyse relative bearing of the dolphins and boats, but this was difficult to
quantify when multiple boats interacted with dolphins at the same time, as was normally the
case in Kaikoura. Therefore, analysis of overall bearing of movement was used, and changes
were examined over time to see if dolphins respond differently now than earlier in the growth
of tourism. Segments were classified relative to interactions: 10-30 minutes prior to the
arrival of vessels (Before), 10 minutes after arrival of vessels (Start of Interaction), 10
minutes prior to the departure of vessels (End of Interaction), and 10-30 minutes after vessels
departed (After). Any segment that did not meet one of these classifications was removed.
Segments were further classified by their tourism period as described above. Bearing was
split into N-S and E-W vector components ranging from 90˚ (North and East) to -90˚ (South
and West). Analysis of variance (ANOVA) was performed on the different segments by
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tourism period. Post-hoc comparisons used the Tukey HSD statistic to evaluate differences
in means between segments (Zar 1999).
Occurrence
To investigate further the areas that dusky dolphins use near Kaikoura and to
determine whether this has changed over time, occurrence of dolphins was estimated based
on theodolite tracks from all studies. Positions of large dolphin groups (>100 individuals)
were sampled once per hour from each track, a reasonable equivalent to scan sampling
methodology (Altmann 1974). ArcGIS version 10.0 was used to plot the kernel home range
(KHR) for each of the tourism periods at varying levels of confidence. Map Comparison Kit
3.2.2 software (RIKS BV 2010) was used to generate a Fuzzy Kappa statistic (Hagen 2003)
to compare core areas where dolphins were sighted in different years.
RESULTS
Effort
Dolphins were successfully tracked from shore on 278 days between the months of
November and May in 1984-1988, 1993-1995, 1998-1999, and 2008-2010. A total of 549
hours of tracks were collected for 534 dolphin groups. This resulted in 3292 10-minute
segments for analysis, with the majority of these collected during the current study. After all
filtering was performed, the breakdown of data for analysis of movement is listed in Table 2.
Table 2. Data used in long-term analysis of movement characteristics of dusky
dolphins, shown by study.
Study
Cipriano (1992)
Barr (1997)
Brown (2000)
Current

Year
1984-1988
1993-1995
1998-1999
2008-2010

Days
25
85
41
127

Hours
11
35
31
214

Groups
30
123
103
278

Segments
68
209
188
1282

Movement patterns
Group Leg Speed
The selected model for group leg speed included smooth terms for day of season and
time of day and linear terms for number of vessels and tourism period:
Sqrt(Speed) ~ s(DayOfYear) + s(TimeOfDay) + NumBoats + TourismPeriod
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The model described a significant amount of variation in group swimming speed, accounting
for 12.5% of the deviance (adj-R2 = 0.117, GCV score = 0.203, n=1747; Table 3). The linear
relationship between number of vessels and speed was negative, indicating that dolphin
groups slowed down when more vessels were present (Figure 3a). Tourism period also had a
significant negative correlation with dolphin speed, meaning that group speeds have
decreased over time (Figure 3b). The non-linear relationship between day of season and
group swimming speed showed consistently low speeds throughout summer and early
autumn, with a sharp rise in late autumn (Figure 3c). The non-linear relationship by time of
day showed peak speeds in early morning and late afternoon, with slowest group speeds at
midday (Figure 3d). The fitted residuals for the GAM displayed no pattern, indicating that
the model fit the data well and over-dispersion was accounted for (Appendix C).

Table 3. Summary of selected model for group swimming speed with linear (top) and
smooth (bottom) terms.
Parameter
(Intercept)
NumBoats
TourismPeriod
s(DayOfYear)
s(TimeOfDay)

Estimate
2.31
-0.03
-0.06
Estimated df
6.47
7.80

SE
0.06
0.01
0.02

t-value
40.428
-2.766
-2.799
F-value
20.62
4.42

p-value
<0.0001
0.006
0.005
p-value
<0.0001
<0.0001
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Figure 3. Plots of the partial contribution of each explanatory variable in the fitted
GAM for swimming speed: a) Number of vessels, b) Tourism period, c) Day of season
(zero on x-axis corresponds to Nov. 1st), and d) Time of day. The x-axis in each plot has
a rugplot at the bottom with tick marks indicating the observations made for each value
of the explanatory variable. Dashed lines represent ±2 SE (roughly 95% confidence
intervals). Values greater than zero on the y-axis indicate positive correlation with
swimming speed, zero corresponds to no effect, and less than zero indicates negative
correlation.
Reorientation rate
The selected model for reorientation rate included linear terms for day of season and
time of day:
Sqrt(ReorRate) ~ DayOfSeason + TimeOfDay
The model only described a very small amount of variation in reorientation rate, accounting
for 0.44% of the deviance (adj-R2 = 0.0033, GCV score = 1.6377, n=1747; Table 4). The
number and type of vessels present and tourism period had no significant effect on
reorientation rate. The linear relationship between time of season and reorientation rate was

Chapter 4 – Long-term comparison of movement patterns and behaviour of dusky dolphins

85

not significant (Figure 4a), though was still included in the best-fitting model. Dolphin
groups reoriented more often as the day progressed (Figure 4b). The fitted residuals for the
GAM displayed no pattern (Appendix C), but the small amount of deviance accounted for by
the model perhaps indicates that there are other biological factors not modeled here driving
dolphin group reorientation.

Table 4. Summary of selected model for reorientation rate with linear terms.
Parameter
(Intercept)
TimeOfDay
DayOfSeason

Estimate
3.27
0.48
-0.001

(a)

SE
0.09
0.21
0.001

t-value
34.814
2.294
-1.680

p-value
<0.0001
0.022
0.093

(b)

Figure 4. Plots of the partial contribution of each explanatory variable in the fitted
GAM for reorientation rate: a) Day of season (zero on x-axis corresponds to Nov. 1st),
and b) Time of day. The x-axis in each plot has a rugplot at the bottom with tick marks
indicating the observations made for each value of the explanatory variable. Dashed
lines represent ±2 SE (roughly 95% confidence intervals). Values greater than zero on
the y-axis indicate positive correlation with reorientation rate, zero corresponds to no
effect, and less than zero indicates negative correlation.

Linearity
The selected model for linearity included all linear terms - day of season, time of day,
type of vessels and tourism period:
Linearity ~ DayOfSeason + TimeOfDay + TypeBoats + TourismPeriod
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The model described a small amount of variation in linearity, accounting for 1.15% of the
deviance (adj-R2 = 0.00643, GCV score = 3.985, n=1747; Table 5). The number of vessels
present had no significant effect on linearity, but dolphins did move in a less linear fashion
when aircraft were present (Figure 5a). Tourism period did not have a significant effect on
linearity, though this term was still part of the best-fitting model (Figure 5b). Linearity did
not change significantly from summer through autumn (Figure 5c). Dolphin groups travelled
in a less linear fashion as the day progressed (Figure 5d). The fitted residuals for the GAM
displayed no pattern (Appendix C), but the small amount of deviance accounted for by the
model indicates that there may be other biological factors driving linearity of dolphin
movement that were not modeled here.

Table 5. Summary of selected model for linearity.
Parameter
(Intercept)
DayOfSeason
TimeOfDay
BoatType = None
BoatType = Aircraft
BoatType = Mixed
BoatType = Research
BoatType = Private
BoatType = Swim
BoatType = Watch
TourismPeriod

Estimate
1.837
0.001
-0.928
0
-0.828
0.100
-0.089
0.122
-0.107
-0.003
0.161

SE
0.291
0.001
0.333
0
0.399
0.140
0.200
0.329
0.124
0.194
0.091

t-value
6.308
1.243
-2.787

p-value
<0.0001
0.214
0.005

-2.074
0.713
-0.446
0.370
-0.864
-0.017
1.772

0.038
0.476
0.656
0.712
0.388
0.986
0.077
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Figure 5. Plots of the partial contribution of each explanatory variable in the fitted
GAM for linearity: a) Type of vessel, b) Tourism period, c) Day of season (zero on x-axis
corresponds to Nov. 1st), and d) Time of day. The x-axis in each plot has a rugplot at the
bottom with tick marks indicating the observations made for each value of the
explanatory variable. Dashed lines represent ±2 SE (roughly 95% confidence intervals).
Values greater than zero on the y-axis indicate positive correlation with linearity, zero
corresponds to no effect, and less than zero indicates negative correlation.

Chapter 4 – Long-term comparison of movement patterns and behaviour of dusky dolphins

88

Bearing of travel by dolphin groups before, during, and after tour interactions
There were few boat interactions prior to the advent of dolphin tourism in Kaikoura in
the late 1980s, so the Cipriano (1992) study was included in this analysis as a reference.
Additionally, Barr (1997) did not track boats constantly while they were in the presence of
dolphin groups (presence was noted in 10-minute samples), so her data were excluded from
bearing analysis as the exact arrival times of vessels could not be determined. Therefore,
analysis of differences in dolphin bearing was restricted to a comparison between data from
1998-99 (Brown 2000) and 2008-10 (current study).
After filtering, a total of 1977 bearing values were available for before-during-after
(B-D-A) analysis. There were 105 Before segments from Cipriano (1992) used as a
reference. Brown’s (2000) data contributed 277 segments (58 Before, 58 Start of Interaction,
72 End of Interaction, and 89 After) and the rest came from the current study (331 Before,
331 Start of Interaction, 601 End of Interaction, and 331 After). ANOVA tests indicated that
neither North-South (F4,1866 = 1.903, p=0.107) nor East-West (F4,1866 = 1.946, p=0.100)
movement of dolphin groups were significantly affected by interactions. Post-hoc
comparison of North-South means found significant differences between tourism periods
(Tukey’s HSD, p=0.007), but no significant difference between dolphin bearing before,
during, or after interactions (Figure 6a). Dolphin groups moved northward more often in
1998-1999, southward more often in 2008-2010, and the pre-tourism mean was between the
two (Figure 6a). Post-hoc comparison of East-West means indicated that dolphins were
significantly more likely (Tukey’s HSD, p = 0.025) to travel in a westerly direction after
interactions than before (Figure 6b).
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(a)

(b)
Figure 6. (a) North-South and (b) East-West bearing of dolphin groups before, at the
start, at the end, and after interactions with vessels for different tourism periods: Pretourism (1984-88), Mid-tourism (1998-1999), Late tourism (2008-2010).
Behaviour
A total of 7,132 behavioural transitions were observed, with 905 in 1998-99 and the
remainder in 2008-10. The breakdown by year, time of day, and vessel presence is shown in
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Table 6. These counts were sufficient to conduct a 5-way log-linear analysis of the effects of
these factors on behavioural transitions. Results of this analysis are shown graphically in
Figure 7. The null model (no effects due to the three factors) is at the top, and each branch
below adds an effect due to a factor or interaction between factors. Significant differences
are found when boat presence and year are added to the model (Figure 7), indicating that
dolphin responses to boats have changed over time. Analysis of AIC values reveals that three
models provide more information than the others (Table 7). All include effects due to vessels
and year, and the least likely of the three also includes diurnal effects (Table 7).
Table 6. Count of behavioural state transitions by tourism period, time of day, and
vessel presence

1998-99
2008-10

Morning
Vessel
No Vessel
103
329
1327
1126

Midday
Vessel
No Vessel
93
260
1581
1322

Afternoon
Vessel
No Vessel
17
103
503
368

Table 7. Akaike Information Criterion values for models in Figure 7. Likelihood for a
model given the data is approximated by e (-0.5*ΔAICi), and the weight of evidence
provided by each model is calculated by normalising the likelihoods to 1.
Model
Boat + Year
Boat x Year
Boat + Year + Time of Day
(Boat x Year) + Time of Day
(Year x Time of Day) + Boat
Year
Time of Day + Year
(Boat x Time of Day) + Year
Time of Day x Year
Boat x Year x Time of Day
Boat
Boat + Time of Day
Boat x Time of Day
Null model
Time of Day

AIC
ΔAIC
Likelihood
Weight
1386.379
0
1.000
0.607
1388.632
2.253
0.324
0.197
1389.502
3.123
0.210
0.127
1391.723
5.344
0.069
0.042
1393.707
7.328
0.026
0.016
1395.061
8.682
0.013
0.008
1397.868
11.489
0.003
0.002
1399.745
13.366
0.001
0.001
1402.513
16.134
<0.001
<0.001
1415.995
29.616
<0.001
<0.001
1527.282
140.903
<0.001
<0.001
1528.974
142.595
<0.001
<0.001
1539.199
152.82
<0.001
<0.001
1566.731
180.352
<0.001
<0.001
1567.353
180.974
<0.001
<0.001
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Null Model
G2 = 1067.7, df = 78, AIC = 1566.7

Time of Day
G2 = 1056.3, df = 72 AIC = 1567.4

Year
G2 = 884.0, df = 72, AIC = 1395.1

Boat Presence
G2 = 1016.2, df = 72, AIC = 1527.3

Time of Day + Boat Presence
G2 = 1005.9, df = 66 AIC = 1529.0

Time of Day + Year
G2 = 874.8, df = 66, AIC = 1397.9

Year + Boat Presence
G2 = 863.3, df = 66, AIC = 1386.4

Time of Day + Year + Boats
G2 = 854.4, df = 60, AIC = 1389.5

Time of Day x Year
G2 = 867.4, df = 60, AIC = 1402.5

Year x Boat Presence
G2 = 853.6, df = 60, AIC = 1388.6

Time of Day x Boat Presence
G2 = 1004.1, df = 60, AIC = 1539.2

(Time of Day x Year) + Boats
G 2 = 846.6, df = 54, AIC = 1393.7

(Year x Boats) + Time of Day
G2 = 844.7, df = 54, AIC = 1391.7

(Time of Day x Boats) + Year
G2 = 852.7, df = 54, AIC = 1399.7

Time of Day x Boats x Year
G2 = 832.97, df = 36, AIC = 1416.0

Figure 7. Effects of vessel presence, time of day, and year on behavioural state
transitions. Boxes represent the model which was tested, with G2, degrees of freedom,
and AIC values listed. An ‘x’ between two terms indicates that the interaction is
included. Arrows in red indicate significant terms added (p<0.05). The box in blue
indicates the best fitting model determined by AIC values.
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Milling bouts significantly increased in length when boats were present in both
tourism periods analysed (Figure 8). In the earlier period (1998-99), resting bout lengths also
increased in the presence of boats, while traveling bouts were unaffected. Both resting and
traveling bouts significantly decreased in length when boats were present in the current study
(Figure 8). Bout lengths are significantly longer in the later tourism period (2008-10) for all
behavioural states with the exception of resting, which shows a strong decrease when boats
are present (Figure 8). The behavioural budget of dolphin groups was subsequently affected,
with less time spent resting and more time spent milling and traveling with boats present in
the current period than previously (Figure 9).
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Figure 8. Behavioural bout lengths of dolphin groups in the presence and absence of
vessels for two different tourism periods (Mid: 1998-99 and High: 2008-10). Error bars
are 95% confidence intervals.
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Figure 9. Behavioural budget of dolphin groups in the presence and absence of vessels
in two different tourism periods (Mid: 1998-99 and High: 2008-10).
Occurrence within study area
A total of 1,648 dolphin positions were used to build a Kernel Home Range (KHR)
for dolphins in three tourism periods. The pre-tourism period (Cipriano 1992) had 118
sightings, the mid-tourism period had 961, 420 from Barr (1997) and 541 from Brown
(2000), and the late-tourism period (this study) contributed 569 sightings. The KHR plots
indicate that core areas used by dolphins were different in different tourism periods (Figures
10-12). In the pre-tourism period, dolphins were most likely to be sighted from just north of
the head of the Kaikoura canyon system southward towards Oaro township (Figure 10). In
the mid-tourism period, the area of highest density of sightings was highly concentrated over
the head of the canyon, in deeper water (Figure 11). In the late-tourism period, dolphins were
most likely to be sighted from the head of the canyon past Oaro toward the Haumuri Bluffs
(Figure 12). Pre-tourism and late-tourism patterns appear very similar, with the later KHR
closer to shore and perhaps slightly more south. Mid-tourism KHR was clearly different
from the other two periods, with a much more concentrated area of high density (Figure 11).
Fuzzy-Kappa statistic values bear out this difference, with an agreement of 0.170 between the
pre- and late-tourism 50% KHR areas, agreement of 0.008 between the pre- and mid-tourism
areas, and agreement of 0.071 between mid- and late-tourism core areas.
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Figure 10. Kernel home range (KHR) of dusky dolphin groups sighted from shore
station from 1984-1988 (Pre-tourism). Numbers indicate the percentage of time
dolphin groups were sighted in the associated area, with smaller numbers representing
higher densities. Depth contours are shown at 100 m intervals.
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Figure 11. Kernel home range (KHR) of dusky dolphin groups sighted from shore
station from 1993-1999 (Mid-tourism). Numbers indicate the percentage of time
dolphin groups were sighted in the associated area, with smaller numbers representing
higher densities. Depth contours are shown at 100 m intervals.

Chapter 4 – Long-term comparison of movement patterns and behaviour of dusky dolphins

96

Figure 12. Kernel home range (KHR) of dusky dolphin groups sighted from shore
station from 2008-2010 (Late-tourism). Numbers indicate the percentage of time
dolphin groups were sighted in the associated area, with smaller numbers representing
higher densities. Depth contours are shown at 100 m intervals.
DISCUSSION
Results presented here describe variation in dusky dolphin behaviour and movement
patterns relative to different stages of tourism. Seasonal and diurnal variability in dolphin
behaviour and movement patterns is large, but using powerful maximum likelihood-based
analysis techniques it was possible to account for natural variation and also determine that
additional changes could be linked to anthropogenic activity. Using a long-term dataset, it
was shown that dolphin responses to vessels have changed over time. As tourism grew and
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matured, the net speed of dusky dolphin groups slowed down, groups changed behavioural
state more often, and spent a greater proportion of time milling and traveling and less time
resting. Dolphin groups were sighted in slightly different core areas over time, with a greater
density of sightings in shallower water near shore and at the southern end of the study area
currently compared to when tourism began.
Interpretation of long-term changes
The significance of long-term changes to dusky dolphin behaviour and movement
patterns in the presence of vessels described here is not immediately apparent. These
changes are not population-level effects such as reduced birth rate, increased death rate,
wholesale displacement, or other obvious deleterious impacts. They are subtle changes to
how and where dusky dolphins spend their time in this area, and interpretation of the
consequences must be carefully undertaken considering all of the changes at once.
Results presented here demonstrate that dolphin groups at Kaikoura move more
slowly in the presence of vessels than they did 10 or 20 years ago. This suggests the
possibility that they are using less energy than in the past, a potentially positive effect. This
is probably a misleading conclusion, however, since milling has increased in the presence of
vessels. This leaves the possibility that individual dolphins use the same (or more) energy
even though the group is moving more slowly; in effect it seems likely that many individuals
are moving in opposing directions at high speed for low net group movement. Combined
with the fact that dolphins travel more (a high-energy activity) and rest less (a low energy
activity) in the presence of vessels than in the past, it appears likely that human activity has
negatively affected the energetic budget of dusky dolphins. Other researchers examining the
effects of tourism have suggested that short-term changes in behaviour may result in negative
energetic effects on cetaceans (Williams et al. 2006). If time is spent interacting with vessels
(or avoiding them) rather than resting, individual fitness may be reduced. While the energy
budget of dusky dolphins has not been studied in detail (but see Srinivasan 2009 for a model
of the bioenergetics of predator avoidance), it is known that they are highly mobile (Würsig
and Bastida 1986, Markowitz 2004) and exhibit a wide variation in behaviour by season and
time of day. Thus, any increase in energy expenditure due to vessels may be quite small in
relation to normal energy budget variation, and not expected to result in population-level
effects. But dolphin responses to vessel traffic at Kaikoura are increasing over time, thus
likely any negative effects are increasing as well. Research into the energy budget of dusky
dolphins is critical to understanding the long-term effects of tourism activity. Specifically, it
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is important to determine how much energetic change dusky dolphins can absorb before
significant negative impacts occur.
Core areas that dusky dolphins use may have changed over time, but the trend of
changes is not clear, nor is it certain that changes are in response to boat traffic. Comparison
of shore-based sightings showed that current core areas and those used prior to the start of
tourism are very similar, with a slight shift south and inshore. Core areas used in the midtourism period showed a different pattern, with dolphins much more likely to be found
around the head of the Kaikoura canyon system. However, conclusions derived from these
results are limited by the shore-based platform, as dolphins regularly move beyond the limits
of observation. Dahood (2009) analysed a set of sighting data collected by the swim-withdolphin tour operator from 1995-2006. The 95% KHR calculated by Dahood indicated a
northward shift from 1995-2000 to 2001-2006, but the 50% KHR – the core area used –
changed very little in size or location, and was very similar to the pre-tourism and current
core areas described here.
Core areas used by dusky dolphins are more likely to be influenced by the distribution
of prey in this area. Neumann (2001) found that short-beaked common dolphins (Delphinus
delphis) in the Bay of Plenty, New Zealand were sighted closer to shore in warmer months
and further from shore in cooler months, the same pattern as described for dusky dolphins
near Kaikoura (Cipriano 1992). In a La Niña year, however, common dolphins remained
closer to shore in autumn, and Neumann (2001) hypothesised this might be related to
elevated sea-surface temperatures and the resultant re-distribution of prey. If this hypothesis
is true for dusky dolphins near Kaikoura, we would expect the core area to change depending
on whether a La Niña (closer to shore) or El Niño (further from shore) was occurring. An El
Niño occurred in the pre-tourism period (1986-87), which might explain the slight offshore
shift of core area shown above. In the mid-tourism period there were both El Niño (1995)
and La Niña (1998) events, the same as in the late-tourism period (2008 La Niña and 2009 El
Niño). It is possible that no clear pattern is evident because of changes in core area due to
these natural patterns.
Because dusky dolphins near Kaikoura are part of an open population where
individuals in groups change from day to day, sightings recorded here are only a portion of
the overall population, in a small part of the total area where these dolphins live. So it is not
altogether surprising that there is not a great deal of evidence for a significant North-South
shift in dusky dolphin occurrence since tourism began. But dolphins change direction of
travel during tour interactions and react in other ways (see Chapter 3), so care must be taken
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when managing this activity not to assume that absence of change is insignificant. A lack of
change in core area may merely be evidence that dolphins have no other equivalent suitable
habitat to occupy, and must therefore tolerate human activity in this area.
So what do these changes actually represent? When animal groups are moving, the
movement of the entire group may be directed by a few informed individuals (Couzin et al.
2005). If individuals with knowledge cannot be heard because motor noise from approaching
vessels has masked communication (Richardson et al. 1995), confusion within the group may
result. Increased levels of milling over time may be a sign of acoustic masking, if groups are
no longer able to reach a consensus on direction of movement and individuals move in
different directions. Such a scenario may adversely affect the ability of individuals to
communicate vital information about food sources, predators, and other issues of biological
significance, with flow on effects on the overall population health. Dusky dolphins at
Kaikoura typically feed at night when vessels are not present (Benoit-Bird et al. 2004), but
opportunistic feeding occurs throughout the day and may be hampered by limited
communication, particularly if dolphins are feeding on schooling prey which must be
cooperatively herded (Würsig and Würsig 1980). Group living reduces the risk of predation
by increasing overall vigilance (Pulliam 1973), but this system is reliant upon the ability of
group members to communicate with one another. If the ability of dolphins to communicate
is diminished by vessel noise, it follows that the risk of predation may increase. In fact, many
of the behavioural changes observed here closely mirror those observed in response to the
presence of predators: reduced resting, increased travelling, and movement toward shallower
waters (Würsig and Würsig 1980, Cipriano 1992, Srinivasan 2009). If vessel presence is
associated with a higher perceived risk of predation, the anti-predator behavioural responses
of dolphins have the potential to result in reduced individual fitness via the energetic (fleeing,
increased vigilance, displacement from prey-rich habitat) and missed opportunity (reduced
mating, abandonment of offspring) costs of reducing this perceived risk (Frid and Dill 2002,
Srinivasan 2009). If dolphins are reacting to vessel traffic as a threat, and the response is
growing over time, the possibility of population-level effects is concerning.
Increased magnitude of responses over time is a characteristic of sensitisation, but
true sensitisation requires an increase in response over time by individuals to the same stimuli
(Bejder et al. 2009). Sensitisation has been observed in other cetacean species in response to
fisheries traffic (Au and Perryman 1982), research activity (Irvine et al. 1981), and tourism
activities (Bejder 2006b, Constantine 2001). Responses reported here were obtained at the
group level rather than the individual level, because there are a low percentage of marked
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individuals in this population. Tourism has grown over time, so it is reasonable to assume the
stimuli generated by this activity has concurrently increased. Therefore, it is not possible to
determine whether sensitisation to this activity has occurred. While no population-level
effects are described here, dusky dolphins swim more slowly, mill more often, and interact
with swimmers for a shorter period of time (see Chapter 2) than they did in the past. These
effects indicate that dolphin tolerance of vessel traffic is lessening in a population which
might otherwise be presumed to be resilient to such activity. Dusky dolphins off Kaikoura
occur in large numbers (Würsig et al. 2007), each individual is only present in Kaikoura part
of the year (Markowitz 2004), dolphins feed at night when vessels are not present (BenoitBird et al. 2004), and individuals have the ability to move away from tourism areas from day
to day. All of these factors likely reduce the effects incurred by each individual dolphin.
Nonetheless, the possibility that sensitisation is occurring means that studies are needed to
determine physiological effects of the activity on individuals. Studies of energetic costs and
acoustic masking due to vessel noise (as proposed in Chapter 2) are needed. Biopsying or
blood sampling to analyse levels of glucocorticosteroids would provide much needed
information about physiological responses to controlled vessel approaches (e.g., Ellenberg et
al. 2007). Repeated exposure to disturbance has been implicated in reduced reproductive
success in bottlenose dolphins (Bejder 2005), and should be investigated here. First, it would
first be necessary to determine exposure levels of individuals, which could be accomplished
by attaching small radio tags to known females and placing receivers on the tourism vessels,
to record the number and duration of encounters. Photo ID of well-marked (or ID tagged)
individuals would provide a less-invasive (but less robust) estimation of exposure. Follow-up
biopsying and photo ID to determine pregnancy and birth rates would allow exposure and
reproductive success to be correlated. Results from these studies could be used to establish
Limits of Acceptable Change (LAC) relative to vessel traffic, a concept which will be
explored further in Chapter 5. Until such studies are completed, regulatory changes such as
those described in Chapter 2 are the most effective way of minimising potentially negative
impacts.

CHAPTER 5
Management of dusky dolphin tourism at Kaikoura
INTRODUCTION
The desire to view and interact with animals in their natural environment has driven
strong growth of cetacean-based tourism since its inception in California in the 1950s. The
industry which began as a single man with a boat taking a handful of tourists out to view
whales grew to global revenues of more than US $2.1 billion arising from 13 million
participants in 2008 (O’Connor et al. 2009). The economic potential of cetacean-watching
tourism has been recognised and taken advantage of worldwide – O’Connor et al. (2009)
documented 119 countries and territories where active tourist enterprises existed in 2008.
In the early years, cetacean-based tourism often occurred while cetacean hunting was
still taking place, or within a few years of such activity. Tourism often developed at a local
level, with little or no management, regulation, or oversight (Hoyt 2008). Legislation to
protect cetaceans was often designed to limit the effects of whaling boats and harpoons, not
tourism boats and cameras. Perhaps as a consequence, not much consideration was given to
the effects of tourism on the target species. It was perceived to be less harmful than the
alternative, and therefore there was no need for additional protection (O’Connor et al. 2009).
In some places (e.g. Iceland, Norway, Japan), the whaling/whale-watching dichotomy still
exists and must be accounted for in management of the tourism industry (Higham and
Lusseau 2007).
Growth of cetacean tourism has led to increasing concerns about the effects of
repeated close encounters with tour boats on the health of the target animals and the
sustainability of the industry (IFAW et al. 1995, IWC 1996, Hoyt 2007). Researchers have
described a host of short-term reactions by cetaceans to the presence of boats, including
changes in behaviour, movement, respiration, dive characteristics, habitat use,
communication, and group cohesion (e.g. Au and Green 2000, Barr and Slooten 1999, Bejder
et al. 2006a, Bejder et al. 2006b, Blane and Jaakson 1994, Briggs 1991, Buckstaff 2004,
Constantine 2001, Dans et al. 2008, Erbe 2002, Gordon et al. 1992, Jahoda et al. 2003,
Lusseau 2006, Nowacek et al. 2001, Scarpaci et al. 2000, Scheidat et al. 2004, Stensland and
Berggren 2007, Trites and Bain 2000, Williams et al. 2002).
In most cases, it is not clear whether these short-term reactions carry long-term
consequences for the target species. Building the requisite dataset to analyse impacts requires
foresight into the relevant biological indicators to collect, financial support and manpower
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over an extended period of time to collect data, and a reasonable amount of luck in the choice
of location and timing of the study versus growth and development of tourism. Not
surprisingly, there are only a handful of places where such a situation has occurred. Results
presented by Bejder et al. (2006a, 2006b), Lusseau et al. (2006) and Constantine et al. (2004)
demonstrated long-term effects on bottlenose dolphin (Tursiops spp.) populations targeted by
tour boats. Impacts seen in these populations included habitat displacement (Bejder et al.
2006a, 2006b, Lusseau et al. 2006), horizontal avoidance and declining population size
(Lusseau et al. 2006), and sensitisation to tour boat approaches (Constantine et al. 2004).
Results described in Chapter 4 indicate that dusky dolphins may also be becoming less
tolerant of tour boat approaches.
Management of cetacean tourism is complex, with different ecological, social,
political, economic, and cultural contexts in each place where it occurs. Management
schemes which work in one place may not work elsewhere, and every situation must be
considered independently. Stakeholders must be identified and each perspective included in
the overall management plan. Conservation parameters must be established and agreed upon
by all stakeholders, with regular checkpoints built in to gauge the effect of the activity. These
are complicated time-consuming procedures, and implementing them after tourism has been
established is difficult. Unfortunately, due to the historical context of the growth and
development of cetacean tourism, this is the most common situation.
Higham et al. (2009) proposed a generalised management framework for cetacean
tourism which attempts to address the complicated contexts in which this activity occurs
(Figure 1). The model integrates a minimum of four key stakeholders (commercial tourism
operators, natural scientists, social scientists, and planning/management agencies) in an
adaptive framework designed to promote sustainability. Each stakeholder is assigned specific
responsibilities before tourism begins and at regular checkpoints after tourism is established.
In the pre-tourism phase, management and planning agencies are responsible for
establishing the legislative groundwork to manage cetacean tourism. Social scientists
evaluate the support for tourism within the community and share this information with
management agencies and potential operators. Natural scientists collect baseline ecological
data on the target species, determine appropriate monitoring criteria, and find a suitable
control site outside the commercial operating area. Management agencies then determine
Limits of Acceptable Change (LAC; Stankey et al. 1985) criteria for the target population, set
up operating guidelines and issue permits.
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Once tourism begins, researchers collect data at the tourism and control sites, and
provide a monitoring report to the management agency. Social scientists evaluate visitor
perceptions and satisfaction and provide feedback to management agencies and tour
operators. The management agency reviews permits, makes changes based on scientific
evidence, and amends the management scheme if necessary. Operators modify their tours
according to the new permit conditions and any visitor suggestions. A new tourism cycle
then begins, with researchers evaluating effects under new operating conditions and
providing a report to the management agency.
The management model proposed by Higham et al. (2009) is intentionally idealised
and general (Figure 1). In order to critically evaluate the effectiveness of this framework, it is
helpful to compare it to a real-life situation. Dusky dolphin tourism at Kaikoura, New
Zealand is a good example, as multiple rounds of research and management action have been
taken in this location. Through evaluation of tourism in Kaikoura, we hope to address two
issues:
1) Can the proposed model be effectively applied to real-world (i.e. non-ideal) tourism
development?
2) Is management of dolphin-based tourism in this location falling short of best practices
to ensure sustainability? If so, what recommendations should be made to the
management scheme?
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D. Natural science research

(1) Pre-tourism phase
C1 Development of legislation
-Legally enforceable regulations
-Develop MPA

A1 Community support
Evaluate community/stakeholder
support for commercial development
of marine mammals viewing

C2 Development of licensing system
-Limit permits
-Establish permit conditions
-Timeframe for permit
-Permits revoked if deemed necessary
B1 Target markets Operator
establishes the type of customers that
the tours seek to cater to. Based on an
understanding of what the local
community wants

B2 Permit issued
-Commercial operations begin
-Spatial range of operations
-Temporal range (contact time)
-Boat design/engine noise
-Speed/approach
-Interpretation programmes
-Visitor education

D1 Establish TO baseline data
-Establish what data is required
- Begin T0 data collection

C3 Establish LAC criteria
-Population numbers
-Animal fatalities
-Reproductive success
-Behaviour budget

D2 Establish monitoring criteria
-Key indicators
-Displacement, reproductive rates,
population structure, behaviour
budget etc

C4 Establish operator guidelines
-Number of permits
-Spatial range of operations
-Temporal range (contact time)
-Boat design/engine noise
-Speed/approach

D3 Establish control site
-Based on spatial range (and acoustic
pollution/range) of commercial
operations
D4 Begin T1 data collection
-At study site and control site/s
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(2) Tourism phase
A2 Visitor satisfaction
-Survey of dimensions of visitor
satisfaction
-Social carrying capacity

A3 Visitor perceptions study
-In respect to environmental
performance and impact perceptions

A4 Effectiveness of environmental
education
- Contributions to conservation
- Environmental values of visitors
- Pro-environmental behaviours
-At the destination
-Follow up study

C5 Analysis and response to T0-T1
research outcomes

B3 Modification of commercial
operations
-In respect to revised permit
conditions
-Permit may be revoked

B4 Ongoing…
- Modification of commercial
operations as required.

C6 Active management decisions
-Permit review
-MPA review
- Based on scientific data
-Change management regime (e.g.,
permit conditions or number of
permits) possibility to change
legislation too if not adequate (the
MMPAs looked good 20 years ago)

C7 Ongoing…
- Active management decisions

D5 T0-T1 research and monitoring
report

D6 Begin T2 data collection
-At study site and control site/s

D7 Ongoing T2, T3, T4…
-D7 Research, analysis and reporting

Figure 1. Model for the integrated, dynamic and adaptive management of tourist interactions with cetaceans. Reprinted from Higham
et al. 2009 with permission of the authors.
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Case study: Swimming with dusky dolphins near Kaikoura, New Zealand
Tourism targeting cetaceans near Kaikoura began in 1988, with the inception of
whale-watching focused on local sperm whales. The industry grew quite quickly, and in the
summer of 1989-90 a pair of local former fishermen looking for a similar opportunity began
taking tourists on fishing, diving, and wildlife-viewing tours (Buurman 2010). Tours quickly
focused on swimming with dusky dolphins, and the business grew rapidly. Initially tours
were seasonal, but by 1995 operations were year-round and more than 11,000 tourists went
swimming with dolphins (Dennis Buurman, Encounter Kaikoura, personal communication).
By the early 2000s, dolphin-swimming numbers leveled off, with 23-27,000 customers each
year (Buurman, pers. comm.).
Management context of Kaikoura tourism
At the macro-level (global), management of this activity is influenced by international
policy setting organisations such as the International Union for Conservation of Nature and
Natural Resources (IUCN) and the International Whaling Commission (IWC). A large
percentage of tourism dollars spent in New Zealand are from overseas visitors (42%; New
Zealand Ministry of Economic Development4), thus demand for dusky dolphin tourism is
heavily influenced by international media and overseas economies (Buurman, pers. comm.).
At the national level, the primary piece of legislation relevant to conservation of
dusky dolphins is the New Zealand Marine Mammals Protection Act (MMPA 1978). The
MMPA led to the establishment of the Marine Mammals Protection Regulations (MMPR) in
1988, which were amended in 1990 (SR 1990/287), 1992 (SR 1992/322) and 2008 (SR
2008/255). The MMPR defines rules for issuing, revoking, suspending, restricting, and
amending permits. It also provides guidelines for behaviour of vessels (boat or aircraft) in
the presence of marine mammals: how close and from which relative direction a vessel may
approach, how fast the vessel can move, and how many vessels may be within 300 m of a
group of marine mammals at the same time. These regulations establish the general
operation of tourism vessels targeting dusky dolphins in Kaikoura and are enforced by the
New Zealand Department of Conservation (DOC). Altering permit conditions – as
specifically allowed by the MMPR – is the primary method used by DOC to manage this
activity. The MMPA is not the only legislation that affects conservation of dusky dolphins,
however. Fisheries-related bycatch is governed by the Ministry of Fisheries under the
4

http://www.tourismresearch.govt.nz/Documents/Key%20Statistics/KeyTourismStatisticsJune2011.pdf;
Accessed 2-July-2011
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Fisheries Act (SR 1996/88). The Resource Management Act (SR 1991/69) is administered
by the Ministry for the Environment, generally via regional and district councils. Traditional
cultural relationships relative to management of the natural world are granted to New Zealand
Māori under the Treaty of Waitangi, and consultation with Māori is a common part of natural
resource management.
At the local level, dusky dolphin tourism is managed by the DOC
Nelson/Marlborough Conservancy. Researchers associated with New Zealand and
international universities have provided recommendations relative to management of tourism.
Additional local stakeholders include tour operators, recreational and commercial boating and
fishing organisations, the Ngāti Kuri sub-tribe of Ngāi Tahu, Te Korowai (Kaikoura Coastal
Guardians), and other concerned local individuals. Each of these stakeholders has a role in
management of dusky dolphin tourism, and below I compare real-life management to the
framework proposed by Higham et al. (2009).
Pre-tourism phase
Some of the steps outlined by Higham et al. (2009) for the pre-tourism phase of
management fit well with what has occurred in Kaikoura. The New Zealand MMPA was
passed in 1978, well before the inception of dusky dolphin tourism in Kaikoura (C1, Figure
1). The biology of dusky dolphins in other parts of the world was first studied beginning in
the 1970s (Würsig and Würsig 1980), but research into the behaviour, movement patterns,
and life history of dusky dolphins near Kaikoura did not begin until 1984 (D1, Figure 1;
Cipriano 1992). Cipriano (1992) collected data which was not specifically designed to
establish a baseline for tourism management, but nevertheless provides an important snapshot
of dusky dolphin behaviour in the absence of tour vessels (D1, Figure 1). The MMPR was
established by DOC in 1988, also prior to the advent of tourism (C2, Figure 1). Despite this,
when dusky dolphin tourism first began in 1989, DOC did not require a permit, perhaps
because it was not clear if this form of tourism was commercially viable (Buurman 2010). It
was not until 1990 that the first permit to swim with dusky dolphins was issued (B2, Figure 1;
Buurman 2010). In combination with the MMPR, these permits established the geographic
area where the operation could occur, defined how many swimmers could enter the water
simultaneously, required an educational component to each tour, and regulated many aspects
of vessel operation in the presence of dolphins, including approach speeds, approach
direction, and maximum number of vessels within 300 m of a dolphin pod (B2, C4, Figure 1).
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Some steps critical to sustainable management of dusky dolphin tourism as outlined
by Higham et al. (2009) did not occur prior to the activity beginning. Community support for
this form of tourism (A1, Figure 1) was not studied scientifically, though there was also no
evident local opposition to the activity and it is likely there was substantial support for any
business which could successfully revive a depressed local economy (Simmons and
Fairweather 1998). The operators did not target certain kinds of customers based on a predefined community desire (B1, Figure 1), but Buurman (2010) described how the business
began as a general combination of fishing, diving, and nature tours, and quickly focused on
swimming with dolphins as the primary activity. Essentially, demand from tourists defined
the target market in the first season of operation (B1, Figure 1). Because there was no
research at the time specifically designed to determine the effects of tourism on dolphins, no
monitoring criteria were established (D2, Figure 1), and therefore no LAC criteria were set
(C3, Figure 1). The combination of missing these two steps is quite significant, as they form
the basis for making management decisions based on quantifiable criteria. The last missing
step is the establishment of a non-tourism control site for comparison of effects (D3, Figure
1). In this case, the behavioural ecology of dusky dolphins in the Kaikoura Canyon system is
different than other parts of New Zealand (Würsig and Würsig 2010), so there is no other site
suitable for use as a control.
Tourism phase – Cycle 1
The first research effort dedicated to examining the effects of tourism (D4, Figure 1)
ran from 1993-1995 (Barr 1997). Additional research on the effects of vessels (D4, Figure 1)
was conducted by Brown (2000) and Yin (1999). Barr and Slooten (1999) provided a report
to DOC (D5, Figure 1) detailing the number and types of vessels approaching dolphins,
changes to dolphin group spacing and aerial behaviour, and violations of the MMPR (1992).
They found that dolphins rested most often at midday, aerial behaviour increased after late
morning when vessels were present, and groups became tighter (individuals were closer
together) in mid- to late-afternoon (Barr and Slooten 1999). Additionally, Barr and Slooten
(1999) found that dolphins were accompanied by boats 72% of the time, most often by
commercial tour boats (84% of all boats), more than three vessels were within 300 m of the
same pod of dolphins 8.2% of the time, and that 7.4% of boat approaches violated the
guidelines provided in the MMPR (1992). Yin (1999) found that small groups changed
direction of travel more often when boats were present. Brown (2000) found changes in
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dolphin behaviour in the presence of tour boats, and suggested that some southward habitat
shift may have occurred.
As a result of the studies by Barr (1997), Barr and Slooten (1999), Yin (1999), and
Brown (2000), DOC made a series of management changes (C5, C6, Figure 1). A 10-year
moratorium on new permits was instituted in 1999 (Childerhouse and Baxter 2010),
effectively limiting the growth of the industry. Additionally, commercial operators agreed to
institute a voluntary (i.e. outside the legally binding permit process) midday rest period from
December through March, whereby they would refrain from approaching dolphin pods
between the hours of 11:30 am and 1:30 pm (Childerhouse and Baxter 2010). No specific
action was taken with regard to violation of regulations regarding the number of vessels or
method of approaching dolphins. Observation of the rest period by commercial operators
began in 1999 (B3, Figure 1; Brown 2000).
A series of social science studies of tourism in Kaikoura were conducted by Lincoln
University researchers during this period (A3, Figure 1; summarised by Simmons and
Fairweather 1998). These studies described the number and type of visitors to Kaikoura, the
economic impact of tourism, responses of local citizens to tourism development, and the
impact of tourism on the Māori community (Simmons and Fairweather 1998). Perceptions of
dusky dolphin tourism were not specifically analysed, but marine mammals were identified
as a key feature that visitors valued (Simmons and Fairweather 1998). Locals and visitors
valued Kaikoura for its small-town community and disliked overt signs of development and
crowding (Simmons and Fairweather 1998). These studies provide important context for the
social environment in which dusky dolphin tourism occurs, but do not appear to have had any
direct effect on management. While Simmons and Fairweather (1998) were interested in
developing planning and management strategies to ensure that Kaikoura tourism was
sustainable, very little was mentioned of the ecological sustainability of tourism.
Tourism phase – Cycle 2
In the early 2000s the number of tourists swimming with dusky dolphins near
Kaikoura stabilised at 23-27,000 per annum (Dennis Buurman, Dolphin Encounter, pers.
comm.). In 2000, Lück (2003) conducted the first study of visitor satisfaction specific to
dusky dolphin tourism (A2, Figure 1). Tourists were generally independent travelers, young,
educated, members of various environmental organisations, and on their first dolphinoriented tour (Lück 2003). While most were satisfied with the tour, thought the staff did a
good job, and would recommend the tour to friends, they also did not think they’d learned
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much about dolphins or marine life (A4, Figure 1; Lück 2003). Education is an important
component of the concept of ecotourism, and is a required part of any commercial cetacean
tourism enterprise in New Zealand (MMPR 1992), so a need for improvement should have
been required. No apparent action was taken by managers on the basis of these findings. .
Further research into dusky dolphin tourism near Kaikoura continued during this
period. In 2005 Duprey (2007; D6, Figure 1) analysed the effectiveness of the voluntary
midday rest period begun in 1999 and found that commercial vessels continued to approach
dolphin groups during the rest period, though at a reduced rate compared to non-rest periods.
These visits were attributable solely to the dolphin-viewing companies, as the dolphinswimming company strictly observed the rest period (Duprey 2007). This conclusion was
confirmed by Markowitz et al. (2009; D6, Figure 1) in a study commissioned by DOC near
the end of the 10-year moratorium on new permits. Similar non-compliance with voluntary
regulations has been reported elsewhere (Allen et al.2007), and is likely not an effective
management strategy. Markowitz (2004) and Duprey (2007) both noted that calves were
present in more than 70% of large dolphin groups targeted by tourism vessels, and swimming
with juvenile dolphins is forbidden under the MMPR (1992).
Markowitz et al. (2009) described a number of different short-term reactions of dusky
dolphins in the presence of tourism vessels, including reduced resting and socialising, slower
swimming speeds, more frequent changes in bearing of travel, and increased leaping. The
magnitude of behavioural change was correlated positively with the number of vessels and
number of vessel approaches (Markowitz et al. 2009). Markowitz et al. (2009) recommended
that DOC (D7, Figure 1) maintain the current level of permits (i.e. renew existing permits but
not add additional ones), make the midday rest period mandatory and extend it from October
through March, provide better education and enforcement of the 3-vessel rule, raise the
number of swimmers allowed per vessel, limit the number of times per tour each vessel could
approach dolphin groups to put swimmers in the water, and a number of other operational and
training suggestions.
Following submission of the Markowitz et al. (2009) report, DOC advertised the
results and solicited feedback from operators, independent scientists, and the general public
(C7, Figure 1; Andrew Baxter, DOC, pers. comm.). Meetings were held to present results to
local Māori, operators, and other interested parties. Upon expiration of the 10-year
moratorium on additional permits, a subsequent 5-year moratorium on additional motorised
boat-based permits was issued (C8, Figure 1; A. Baxter, pers. comm.). The number of
swimmers allowed per vessel was increased from 13 to 16, each vessel was limited to five
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swim approaches per trip, the midday rest period was made mandatory from November
through February, and all operators were required to adhere to a Code of Conduct to be
developed in conjunction with DOC (A. Baxter, pers. comm.). Permit conditions were
changed in 2010 (B4, Figure 1; A. Baxter, pers. comm.). The possibility of additional
permits for non-motorised or airborne tour permits was left open, and a local kayaking tour
company subsequently received a permit to view dusky dolphins in a limited geographic area
around the Kaikoura Peninsula (C8, Figure 1; A. Baxter, pers. comm.). Results presented
here (Chapter 3) indicate that dolphin groups reorient more in the presence of aircraft, so any
expansion of this industry should be carefully considered. Dusky dolphins often seek
shallow, near-shore waters for shelter when predators are present (Cipriano 1992, Srinivasan
2009), and nursery groups are often found close to shore (Würsig et al. 1997). Permitting
kayak tours to approach dolphins in these same areas might have a greater effect than
expected for non-motorised craft, as the animals being targeted may be vulnerable
individuals.
Tourism phase – Cycle 3
The current phase of tourism began after permit conditions were changed in 2010 and
will presumably conclude with the end of the current moratorium in 2014. Results presented
in Chapters 2 and 3 were partially included in the report by Markowitz et al. (2009), but
Chapter 4 substantially extends our knowledge of long-term effects, and will likely be taken
into account at the end of this phase. Responses to vessels have grown greater over time and
are correlated with the number of vessels present. Additional research will be needed to
determine if changes instituted in 2010 have reduced these effects.
Lessons learned from Kaikoura
The largest gap identified in this case study is that tourism began prior to permits
being issued or monitoring criteria being established that defined a limit of acceptable change
(LAC), both of which are unfortunately common occurrences in animal-based tourism
(Higginbottom 2004). This makes retroactive application of regulations more difficult, and
forces wildlife managers into the position of having to prove that significant negative effects
are occurring, rather than forcing tourism companies to prove the opposite. While permits
were issued within a year of tourism beginning, LAC criteria are still undefined and this
shortcoming must be addressed. LAC criteria are generally used to manage stocks of marine
mammals which are subject to take, either directly or via incidental bycatch. Direct take and
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bycatch are not expected with tourism (though boat strikes may occur), but research has
shown that population-level effects may still be seen (Bejder et al. 2006a, 2006b, Lusseau et
al. 2006). Long-term impacts of non-consumptive wildlife tourism have been demonstrated
for other species in New Zealand (Higham 1998), even in the absence of obvious indicators
of change. Not only is the resource degraded over time, but the tourism experience is also
correspondingly degraded (Higham 1998).
Dusky dolphins in New Zealand are a large and mobile population, and therefore it is
difficult to detect a change in population size, but the LAC concept can be applied
nonetheless. Other criteria (behavioural budgets, habitat use, reproductive success, local
abundance, population structure) may be feasibly determined, as long as studies are done to
provide a basis of support for the criteria. Changes to these criteria can be evaluated and a
threshold for acceptable change set. These measurements can be used by managers as a
quantitative way of determining when changes to permit conditions (or numbers of permits)
must occur. In the absence of LAC criteria, managers must rely on a more subjective
qualitative decision-making process, which leaves open the possibility of the management
decisions being more arbitrarily affected by personal, political, economic, or social factors
which ignore the ecological consequences for the target species.
In order to support monitoring of LAC criteria, a mechanism needs to be in place to
manage and fund long-term data collection. In Kaikoura, most of the results which informed
management decisions were collected by university students, with partial or no funding from
DOC. While this is a low-cost way of managing the activity, it resulted in multiple sets of
data which were collected using different methods, over different time-scales, and owned by
different people. The result was a disjunct set of data which answered similar questions in
different ways, rather than a cohesive set of data collected to answer specific questions in a
consistent manner. A more appropriate strategy to monitor an industry now worth several
millions of dollars locally (Simmons and Fairweather 1998), would be to establish a research
programme, funded by the industry but administered by DOC, that is consistent over time and
integrated with the overall management scheme. This could be achieved by including a small
fee with each ticket sold, with the funds annually allocated to monitoring of LAC criteria via
social and natural sciences research.
In the case of Kaikoura, management action has been taken at ten-year intervals.
Community support, visitor satisfaction, environmental effects, and ecological changes can
change in a much shorter time span than this, particularly if tourism activity is growing as
quickly as it did in the first decade in Kaikoura. It is also difficult to obtain the buy-in of all
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stakeholders on changes to permit conditions after ten years, as there is a strong tendency to
accept that practices which have been followed for a decade must be correct, even if research
shows otherwise. The model proposed by Higham et al. (2009) suggests determining the
timeframe for permit review in the pre-tourism stage (C2), but no firm guideline has been set
for this in New Zealand. Permits and permit conditions could potentially be reviewed at any
time, but in practice action is only taken at the end of each moratorium period. The current
moratorium of five years ends in 2014, which is a more reasonable timeframe for taking
action to ensure sustainability. Results of long-term comparisons presented in Chapter 4 will
be particularly relevant to the next permit review. Because social perceptions and community
desires can change dramatically over the years, studies to update the results presented by
Simmons and Fairweather (1998) and Lück (2003) are highly desirable prior to the next
round of management decisions.
Other management issues at Kaikoura seem to be ignored, overlooked, or rely upon
voluntary action by operators. Voluntary measures were not an effective way of regulating
operations in Kaikoura, as compliance with the midday rest period varied depending on the
operator (Duprey 2007). Swimming with juvenile dolphins (Markowitz 2004, Duprey 2007)
and cutting off the path of dolphin groups (Markowitz et al. 2009) are activities specifically
forbidden in the MMPR (1992), but both have been reported without any apparent
enforcement action being taken by DOC. A more proactive approach to enforcement is
warranted, as these regulations are designed based on known classes of vulnerable animals
and activities likely to cause disturbance. Tours are required to have sufficient educational
value to participants (MMPR 1992), but “sufficient” is a vague, undefined term. The
educational value of tour presentations is largely unknown, beyond the report by Lück (2003)
indicating that tourists did not feel they had learned enough.
Future work, conclusions, and recommendations
Results presented in Chapters 2-4 provide valuable information to managers about the
responses of dusky dolphins to tourism vessels and how those responses have changed over
time. Comparing to the model proposed by Higham et al. (2009), it is clear that much more
work is needed to establish LAC criteria to monitor long-term effects on the population. The
historical methodology of behavioural observation appears to have reached its limit of
effectiveness in determining population-level effects, and management decisions ultimately
rely upon the precautionary principle rather than explicit measurements of biological impact.
Studies are needed to link the physiological effects of vessel traffic on dusky dolphins with
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more readily observed behavioural responses. Such studies will provide managers with the
tools to more accurately assess the biological significance of responses observed via the
current methodology. Potential studies include:
A. Energetics: Behavioural responses to vessel traffic have the potential to affect the
energetic requirements of the target animals, so it would be useful to quantify the cost
of the observed responses. Techniques most commonly used in wildlife ecology to
calculate the field metabolic rate of free-ranging animals include doubly labelled
water (DLW) and heart rate monitoring (Butler et al. 2004). Using the DLW method
may be of limited effectiveness in endothermic aquatic mammals such as dusky
dolphins (Butler et al. 2004), but heart rate monitoring has been successful with
pinnipeds (Cooke et al. 2004). Historically this method has required implantation of a
collection device, which necessitates capture, anesthetisation, and post-anesthetic
restraint, all of which are difficult with cetaceans. Devices which may be attached
externally to monitor heart rate have been developed (Cooke et al. 2004), which is
more realistic to use with dolphins. Estimating the field metabolic rate from heart rate
requires creation of a calibration curve between heart rate and oxygen consumption
(Butler et al. 2004), which would require the use of captive animals. There are no
dusky dolphins currently in captivity, but a reasonable approximation might be
obtained using their close relative, the Pacific white-sided dolphin (Lagenorhynchus
obliquidens), of which there are many found in dolphinaria. A less invasive approach
would be to attach a suction cup tag to record the number and strength of fluke
strokes, as a proxy for relative energy expenditure of different behavioural states. In
each case, the use of controlled vessel interactions during the study would permit
calculation of energetic costs associated with the presence of vessel(s). Combining
such data with estimations of daily energy expenditure for dusky dolphins (Cipriano
1992, Kastelein et al. 2000, Srinivasan 2009) might allow for useful approximation of
the energetic difference between behavioural budgets. This would allow managers to
establish threshold LAC values relative to behavioural budget, which could be
evaluated with ongoing monitoring to ensure dolphins are not detrimentally affected.
B. Communication: Vessel noise has the potential to mask vocal communication
(Richardson et al. 1995) of dusky dolphins, and there is the possibility that some of
the behavioural responses described here are a result of masking. This could be
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investigated by attaching acoustic tags to individuals, perhaps similar to those used by
Burgess et al. (1998) with northern elephant seals. Their tags recorded ambient noise,
vessel noise, respirations, and possibly vocalisations, in addition to other information
(Burgess et al. 1998). The ability to record vocalisations of the tagged animal,
conspecifics, and vessel noise during controlled vessel interactions would allow
analysis of a number of effects. Most important would be determining whether
vocalising changes in the presence of a vessel, the received sound level at which
changes occur, and if this changes when multiple vessels are present. Threshold
values for source noise levels could be developed and mitigation criteria established
by managers.
C. Hormonal responses: Chronic increases in glucocorticosteroid levels have been
linked to reduced individual fitness (Fowler 1999, Romero and Wikelski 2001,
Sapolsky et al. 2000). Researchers investigating the effects of tourism on penguins
(Ellenberg et al. 2007) took blood samples of animals during controlled interactions
in tourism and non-tourism areas to analyse glucocorticosteroid levels in response to
the interaction. A similar analysis could be done with dusky dolphins by sampling
individuals within the tourism area, and just outside it. This would provide much
needed information about physiological responses to controlled vessel approaches.
D. Reproductive rates: Vessel disturbance has been linked to reduced reproductive
success in bottlenose dolphins at Shark Bay, Western Australia (Bejder 2005). Dusky
dolphins at Kaikoura are not well-marked, and the reproductive history of individuals
is not well-known. In order to determine whether vessel traffic affects reproductive
rates, it would first be necessary to determine exposure levels of individuals.
Attaching small radio tags to known females and placing receivers on tourism vessels
to record the frequency and duration of encounters would be an automated way of
quantifying exposure. Using photo ID for animals which are easily recognisable (via
natural or artificial markings) would provide a less-invasive (but less robust)
estimation of exposure. Once exposure levels are established, follow-up biopsying
and/or photo ID to determine pregnancy and birth rates would allow exposure and
reproductive success to be correlated.
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E. Population size and local abundance: Line-transect aerial surveys are widely used
to estimate population sizes for marine mammals (Buckland et al. 1993). Survey
methods such as those employed by Slooten et al. (2007) could be replicated for
dusky dolphins to estimate the population size around New Zealand. Using
unmanned aerial vehicles equipped with high-definition still or video cameras to
conduct surveys is an emerging methodology that may be useful in the future (Koski
et al. 2009, Hodgson et al. 2010). The use of multispectral (infrared and visible)
cameras for semi-automated detection of marine mammals is also developing rapidly,
and such sensors can be mounted on aircraft (manned or unmanned) or on land
(Schoonmaker et al. 2008a, 2008b, Podobna et al. 2009, Graber 2011). Technological
advances should continue to reduce the cost and increase the effectiveness of survey
techniques. In addition to estimating the size of the population of dusky dolphins in
New Zealand, surveying could be conducted to determine local abundance in the
Kaikoura area. Regular surveys would be useful in establishing whether area
avoidance or habitat displacement is occurring in response to vessel traffic.
Management of dusky dolphin tourism at Kaikoura generally follows the form of the
model proposed by Higham et al. (2009), and it appears the model is flexible enough to
accommodate the differences found in other locations. This case study shows that there are a
number of actions which would improve management and sustainability of dolphin-oriented
tourism in Kaikoura. While legislation, regulation, and permit conditions are in place, certain
aspects need to be defined, enforced, or clarified. Based on results present here and in
Chapters 2, 3, and 4, the following recommendations are suggested to improve management
of this activity:
1. Define Limits of Acceptable Change (LAC): This is a critical aspect of management
which has been overlooked in Kaikoura. LAC is generally tied to population-level
effects, and these are difficult to detect in a large, mobile population of animals like
dusky dolphins in New Zealand. The projects suggested above would provide
quantitative data which could be used to set LAC criteria. These could then be
evaluated and compared over time to determine whether the activity is likely to be
sustainable or not.
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2. Define a consistent time period for evaluation of changes relative to LAC: A 5year cycle for evaluation is appropriate, as this promotes active responses to change in
a dynamic system. It also allows managers to learn and apply best practices for
cetacean tourism management demonstrated in other parts of the world. LAC-related
data should be collected every year, and it is possible that collection of certain data
may be automated. Ongoing work could be funded via a combination of DOC
funding and user levies (or donations) obtained directly from cetacean tourists and
included in the cost of the tour, a model which is used in other parts of New Zealand.
3. Clarify rules on swimming with juvenile dolphins: This is a forbidden activity
under the MMPR (1992) which occurs regularly when interacting with large pods, but
no enforcement is apparent. Allowing an activity which is not permitted under the
regulations is poor practice, and either the regulations should be updated to indicate
situations where this is acceptable or the current regulations should be enforced.
4. Enhance monitoring: Current monitoring of cetacean tourism in Kaikoura is
primarily conducted using a secret shopper method, whereby DOC representatives
ride aboard tours without being identified as official observers (Childerhouse and
Baxter 2010). Shore-based monitoring would be a simple, cost-effective way of
enhancing this monitoring, as many of the regulations and permit conditions can be
observed: number of vessels within 300 meters, approach method of vessels,
observation of the rest period, number of times swimmers enter the water, and
presence of juveniles in the pod. Rather than observing a single tour from a single
boat, multiple tours and boats can be observed with the same amount of effort.
5. Actively learn from the public: Updated information is needed about user
perceptions, community desires, education of tourists, and other aspects of dolphin
tourism. The only social science studies performed in Kaikoura occurred more than a
decade ago and it is reasonable to expect that things have changed since then. The
wishes of the local community should be reflected in management decisions, and the
only way of knowing this is through research. Educational programs should be
improved if tourists do not feel they’re learning, as this is a requirement based on the
MMPR (1992).
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6. Reduce tour boat traffic near dolphins: Commercial tour boats spend more time
with dolphins than any other type of vessel, and the number of vessels present within
300 meters is linked to the magnitude of the effects (Chapter 2, Chapter 3). As
tourism has grown, the responses by dolphins have also grown in magnitude (Chapter
4). Changes to permit conditions instituted in 2010 (increased number of swimmers,
limited number of swim drops) may help reduce the number and intensity of tour boat
interactions, but this must be actively monitored and tracked to determine if vessel
traffic goes down and dolphin responses lessen. If not, DOC must strongly consider
reducing the number of permits or reducing the number of commercial vessels
allowed within 300 meters of a single pod.
There is a growing body of evidence that tourism activity can affect the long-term
well-being of cetacean populations, and the model proposed by Higham et al. (2009)
provides a strong map for sustainable planning and management. Comparing tourism
targeting dusky dolphins near Kaikoura to this model has highlighted a number of issues of
critical importance, and suggested changes which should improve the management of this
activity. The recommendations above will serve to mitigate the effects of vessel-based
tourism, better inform wildlife managers, represent the interests of a larger group of
stakeholders, more clearly elucidate activities which are allowed or forbidden, and thereby
result in a greater chance of sustainable tourism in Kaikoura. Wildlife managers responsible
for protecting species targeted by tourism in other locations should seek to use such a model
to ensure that the public is able to experience the natural world, communities benefit
economically, and animals are protected for future generations to enjoy.
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APPENDICES
APPENDIX A
Autocorrelation analysis and filtering
Prior to full-scale analysis of movement data, analysis of the autocorrelation structure
of the data was undertaken. A total of 2,980 10-minute segments were extracted from the
tracks collected. Mixed-effects modeling was performed in R using the lme function in
package nlme to determine autocorrelation, taking into account season, time of day (index
described in Methods), and number of vessels. The fully saturated model was built with
fixed effects of season, time of day, and number of vessels and a random effect due to
multiple segments within a single focal group:
y ~ fixed = Season * TimeOfDay * NumberOfBoats, random = SegmentCount|Group
Models were tested with all possible combinations of the three fixed effects and AIC values
were calculated (Table A1). The best fitting model was that which included all three fixed
effects, plus an interaction between season and time of day (Table A1). The autocorrelation
function was plotted for this model, with significant positive autocorrelation at lag = 1
(Figure A1a). Nearly significant negative autocorrelation was found at lag = 2, so a filter was
applied so that there were at least 20 minutes between any two segments from the same focal
group. After filtering there were 1,286 10-minute segments remaining for analysis. A plot of
the autocorrelation function for the best-fitting model using the filtered data showed that
autocorrelation was reduced below significance (Figure A1b).
Table A1. Akaike Information Criterion values for models of movement data.
Model
Boats + (Season x Time of Day)
Season x Time of Day
Boats + Season + Time of Day
Season + Time of Day
(Boats x Time of Day) + Season
Boats x Season x Time of Day
Boats + Season
Season
(Boats x Season) + Time of Day
Season x Boats
Boats + Time of Day
Boats x Time of Day
Time of Day
Boats

AIC
13038.9
13040.1
13045.2
13046.2
13047.8
13047.9
13050.2
13051.7
13053.1
13058
13090.2
13092.5
13093.5
13101.9

ΔAIC
0
1.2
6.3
7.3
8.9
9
11.3
12.8
14.2
19.1
51.3
53.6
54.6
63

Likelihood
1.000
0.549
0.043
0.026
1.168E-02
1.111E-02
3.518E-03
1.662E-03
8.251E-04
7.120E-05
7.250E-12
2.296E-12
1.392E-12
2.088E-14

Weight
0.60734
0.33332
0.02603
0.01579
<0.01
<0.01
<0.01
<0.01
<0.01
<0.01
<0.01
<0.01
<0.01
<0.01
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(a) Autocorrelation coefficient vs. lag in segments prior to filtering

(b) Autocorrelation coefficient vs. lag in segments after filtering
Figure A1. Autocorrelation structure of movement data: (a) prior to filtering and (b)
after filtering to ensure 20 minutes between successive segments. The autocorrelation
coefficient is measured at different lags, with lag = 1 corresponding to the correlation
between two successive segments of the same group (e.g. in (a) lag 1 = 10 minutes after
first observation, lag 2 = 20 minutes, etc. and in (b) lag 1 = 30 minutes after first
observation, lag 2 = 60 minutes, etc.).
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APPENDIX B
Residuals for all fitted models for short-term data

(a) Residuals of the fitted GAM for swimming speed
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(b) Residuals of the fitted GAM for reorientation rate

(c) Residuals of the fitted GAM for linearity
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(d) Residuals of the fitted GAM for Noisy leaps.

(e) Residuals of the fitted GAM for Acrobatic leaps.
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(f) Residuals of the fitted GAM for Porpoising leaps.

(f) Residuals of the fitted GAM for Clean leaps.
Figure B1. Plots of residuals for all fitted models
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APPENDIX C
Residuals for all fitted models with long-term data

Figure C1. Residuals of the fitted GAM for swimming speed

Figure C2. Residuals of the fitted GAM for reorientation rate
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Figure C3. Residuals of the fitted GAM for linearity
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