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ABSTRACT

Common dolphins Oephinus spp) are one of several species frequently taidgbte tourism
operations in New Zealand waters, yet there remairdistinct paucity in the data regarding
potential impacts of tourism faced by this speci€gnsition matrix models have been widely used
in population ecology and more recently appliecbéhavioural transitions to provide successful
management guidelines. Herein, we detail the fid¢aokov chain models to undertake an impact
assessment of tourism activities on the behaviaiedé of common dolphins in the Hauraki Gulf,
New Zealand. First-order time discrete Markov nhaiodels were used to describe transition
probabilities in both control and impact scenarid$ie effect of boat interactions was quantified by
comparing transition probabilities of both contemid impact chains. Foraging and resting bouts
were disrupted by boat interactions to a level thites concern regarding the sustainability of thi
impact. Both the duration of bouts and the timenspin both these behavioural states were
substantially decreased. Foraging and restinghitidptook significantly longer to return to their
initial behavioural state in the presence of the tessel. There was also an increased preference
to shift behaviour to socialising after tour baateractions. Impacts identified in the presentdgtu
are similar to those previously reported for boitlee dolphins, a coastal species typically
considered to be more susceptible to cumulativierapbgenic impacts.
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1. Introduction

A particular form of nature-based tourism, the \ifgyvof and interaction with marine mammals in the
wild, has undergone dramatic growth in recent desdéioyt, 2001). Interactions between cetaceans
and tour vessels are increasing, with the numbgreaple involved in cetacean-watching activities
reported to have exceeded nine million touristd988 (Hoyt, 2001). To date, several studies have
investigated the effects of such tourism on theabwmur of targeted animals, with short-term
behavioural changes reported for a number of cataspecies including Pacific humpback dolphins
(Sousa chinensis), humpback whalesMegaptera novaeangliae), killer whales Qrcinus orca), Hector's
dolphins Cephalorhynchus hectori) and bottlenose dolphinsTyrsiops spp.). Responses observed
included variations in vocalisations, increaseiiredntervals, horizontal avoidance, increase ieesh
and decrease in resting behaviour (Begteal, 1999, 2006b; Constantire al, 2004; Corkeron, 1995;
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Janik and Thompson, 1996; Lusseau, 2003b; Nowatek, 2001; Van Parijs and Corkeron, 2001;
Williams et al, 2002). In addition to such responses, longen ierpacts including area avoidance and
declines in relative abundance have also beentegp(Bejderret al, 2006b; Lusseau, 2005).

Recent New Zealand-based research suggests immgeagiosure to commercial tourism can
be detrimental to coastal species such as botéedolphins (Constantinet al, 2004; Lusseau, 2004)
and Hector’'s dolphins (Bejdeat al, 1999). The inshore distribution of such specesults in their
higher susceptibility to coastal anthropogenicuefices, thus placing them more at risk than oféshor
species. Typically common dolphins are a pelagecies in New Zealand (Gaskin, 1968), and thus
considered to be less at risk from cumulative ingpaach as those associated with dolphin tourism.

The study reported here took place in the Haurakf, Blew Zealand (see Figure 1), where a
population of common dolphindDé@phinus spp) can be found year-round (Stockin, 2007). This
population is currently considered to be an opemroanity, based on the home range of known
catalogued individuals (Stockin, 2007). Dolphiruriem within this area has developed relatively
recently compared to other regions around New 2ella The New Zealand Department of
Conservation issued the first dolphin tourism peérfior the Hauraki Gulf in September 2000.
Currently, two dedicated dolphin tourism businessgarate year-round within the Gulf, although this
study was conducted prior to the establishmenhefsecond permit in December 2005 and thus, only
considers the effects of one tourism vessel. UtldeMarine Mammals Protection Act (1978) and the
Marine Mammals Protection Regulations (1992), thmvNZealand Department of Conservation is
charged with ensuring that tourism operations dchage a detrimental impact on marine mammals.

We investigated the effects of tourism activities the behavioural budget of common
dolphins, a typically offshore dolphin species &iegl in the Hauraki Gulf. As with previous studies
that have focused on coastal species (Bajtlat, 2006a; Constantinet al, 2004; Lusseau, 2004), we
were particularly interested in understanding wletbur boat interactions were causing variations i
the populations activity budget which could havdrideental long-term effects such as decreased
foraging opportunities, or increased energy exgeanss.

2. Materials and Methods

2.1 Sudy Ste

Auckland (3651'S; 17446°E, Fig.1) is situated in the North Island and vgth over 1.4 million
inhabitants, New Zealand’s largest city. Borderitsgnorth eastern coastline, the Hauraki Gulf is a
shallow semi-enclosed coastal sea extending frosaBrHead to Cape Colville, Coromandel Peninsula
on the east coast (3®'S and 3660’S). A warm temperate region influenced by thestEAuckland
Current (EAU), the Gulf is an extremely productieeosystem that exhibits a high degree of
biodiversity, particularly with regard to seabimsd marine mammals (Owen and Owen, 1999). With a
maximum depth of just 60 m, the Hauraki Gulf pr@gda surprisingly shallow environment for
common dolphins, which are typically consideredbt a pelagic species associated with the deep
waters of the continental shelf and beyond (Gaskd9_2). Despite an apparently open population, the
Hauraki Gulf has proven to be an important feedinga for this species (Stockin, 2007) which may
explain the year-round occurrence of common dokphimthis region. Resighting rates of known
marked individuals suggest site fidelity is relatiwhigh for this species in this area (Stockif)20
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Fig. 1- Map showing location of the study area in New Zgll

Marine traffic in the Hauraki Gulf consists of adeivariety of boats, from large commercial
ships and fishing vessels to ferries, cruise lineesreational power boats, tour boats, yachts, and
kayaks. During weekends and public holidays tieeemarked increase in boat numbers, in particular
sailing boats, personal water craft (jet skis) esateational fishing vessels. Here we report ffects
of just one tour boat, the only permitted dolploartvessel operational at the time of the presteiatys
This tour boat operated year-round, undertaking toipeper day except during peak summer, when
occasionally two trips per day occurred.

2.2 Data Collection

Non-systematic surveys were conducted in the Ha@ak from an independent research vessel (a
5.5 m rigid-hulled inflatable boat powered by a p0h stroke outboard engine), between February
2003 and January 2005. Once a school of dolph@tssdetected, the research boat was manoeuvred
towards the group in a manner which best minimeseyl potential effects of the observation boat
(Lusseau, 2003a). This resulted in focal schoelaghapproached from the side and aback, in the
same direction as the movement of the school. &/egeed and direction was consistent with that
of the school, which in the majority of cases wdls ispeed (less than five knots). Schools were
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followed at distances ranging from 50 to 200 mhalgh where possible a distance of 50 m was
maintained. In an attempt to minimise our potérdiaturbance, a four-stroke engine was chosen
for reduced noise and exhaust emissions.

During a focal-follow, the behavioural state of fheal school was determined every three
minutes using a focal-group scan sampling methggoldltmann, 1974). A school was defined as
any number of dolphins engaged in a similar agtivitoving in a uniform direction and within five
body-lengths of any other dolphin. The primaryiaigt of the school was determined using
behavioural categories modelled on Shane et aB6(] 2lefined in Table 1. The behavioural state
of each focal group was determined by the predomiifa50%) activity of individuals in the
school.

Table 1- Definitions of the behavioural states of commotptim schools in the Hauraki Gulf, with
abbreviations for each state are given in pareighes

State Definition

Travel (TR) Dolphins engaged in persistent, dimw movement, making noticeable
headway along a specific compass heading. The@pacing varies and
individuals swim with short, relatively constanvéiintervals.

Rest (RE) Dolphins observed in a tight groups @ody length between individuals),
engaged in slow manoeuvres (slower than the idledspf the observing vessel)
with little evidence of forward propulsion. Surilags appear slow and are
generally more predictable than those observethier dehavioural states.

Mill (MI) Dolphins exhibiting non-directional moveemt, frequent changes in heading
prevent animals from making headway in any spedifiection. No net
movement. Individuals are surfacing facing différdirections.

Forage (FOR) Dolphins involved in any effort to gue, capture and/or consume prey, as
defined by observations of fish chasing, co-ordidateep diving and rapid
circle swimming. Prey frequently observed at the€ace during the foraging
activity of the dolphins.

Social (SO) Dolphins observed in diverse interacdvents such as chasing, copulating
and/or engaged in any other physical contact wvitilerodolphins (excluding
mother-calf pairs). Aerial behaviours such as thaa frequently observed.

Focal schools were sampled to understand the efffiebibat interactions at the school,
rather than at the individual level. Common dafghin the Hauraki Gulf form comparatively large
schools (mean=48 animals, see Stockin, 2007) whempared to coastal species such a bottlenose
dolphins, so focal school follows were deemed nagneropriate than focal animal follows (Mann,
2000). Scan sampling of individuals was not pdssitithin larger schools due to the relatively
low mark rate of individuals, so a focal group séintpmethodology was employed (Mann 2000).
Observations ended when the focal school was loteoweather deteriorated, therefore the end of
a sequence of observations was not dependent drettaviour of the focal school. This protocol
was maintained during interactions with the toussad, and thus the state of the observing vessel
remained consistent throughout all control and ichgzenarios. Consequently, any differences
observed related only to the presence of the tmat,bnot the observing vessel. Vessels
approaching to within 300 m of the focal school @etermined by TASCO OFFSHORE 7x50
reticule binoculars) were deemed as interactionksterated as impact sequences. This distance is
consistent with the New Zealand Marine Mammalséutian Regulations (1992).
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146 2.3 Markov chains

147  First developed by Markov (1906), Markov chains éndeen widely used in population ecology
148 (Brault and Caswell, 1993; Fujiwara and CaswellQ20Hill and Caswell, 2001; Senata, 1966;
149 Werner and Caswell, 1977). To date, only a hanafuiburism impact studies (Bagat al, 2006;
150 Lusseau, 2003a, 2004; Willianet al, 2006) have applied the principals of such models
151 conservation behaviour (Blumstein, 2004). SinceKda chains quantify the dependence of an
152 event on the preceding ones, they can be usedtdprprobabilities of transition from one event
153 to another when mutually exclusive behavioural gaties are defined.

154

155 Two two-way contingency tables (preceding behawdbstate vs. succeeding behavioural
156 state) were developed, as described in Lusseau3g200If no tour boat interaction occurred
157 between two behavioural samples, the transitiowdsen these two samples was tallied in a control
158 table. If a tour boat interaction occurred betwésen samples, the transition was tallied in an
159 impact table. As reported in Lusseau (2003a), emoved the transition between a sample
160 succeeding an interaction and the following samsiee it was not possible to determine the extent
161 of the potential impact. Control and impact tablese then compared in order to detect the effect
162 of tour boat interactions. A log-linear analysigsvapplied to assess the independence of the
163 behaviour transitions from boat presence. We tisedlifference in goodness of fit between the
164 saturated model and the model considering all tag-wmteractions to test for the effect of boat
165 presence on the behavioural transitioRGEG? syayGsaturated LUSSEAU 20033).

166

167 Transition probabilities (from preceding to sucdagdehaviour) were determined in both
168 control and impact chains by
169
_ 8 >
170 p;=——.>.p; =1 (1)
j=1

2.8

j=1
171
172 wherei is the preceding behavioyris the succeeding behaviourafdj range from 1 to 5, because
173 there are five behavioural states in the repeito&gis the number of transitions observed from
174  behaviour toj, andp; is the transition probability fromto j in the Markov chain. Each transition
175 is a proportion of time a succeeding behaviour alaserved following a preceding behaviour (Eq.
176 1). Therefore, the effect of tour boat interacsiam the behaviour transition probability matrixswa
177 tested using a z-test for proportions (Fleiss, 198&ach control transition was compared to its
178 impact counterpart. The expected number of triamsitit took the dolphins to return to each
179 behavioural state was approximated for both conamud impact chains (Higgins and Keller-
180 McNulty, 1995)

181

182 Efr)=1 2)
]Tj

183

184 where T)) denotes the time (i.e. number of transitionspkes to return to stajegiven that the
185 dolphins are currently in stajeand 77is the steady-state probability of each behaviouhe chain.
186 The expected number of transitions (Eq. 2) wasiplidtl by the length of each transition unit (i.e.
187 three minutes) in order to calculate the average fmin) it took the dolphins to return to each
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initial behavioural state. These average timeswempared between control and impact scenarios
in order to assess the effect of tour boat inteaston the behavioural states of the dolphins.

Following the Perron-Frobenius theorem, the behaaiobudget in each situation (control
and impact) was approximated by the eigenvectahefdominant eigenvalue of the transitions
matrices (Lusseau, 2003a). Differences observeallerbudget were inherent to interactions with
the tour boat. Differences between the two behamidbudgets were tested using binomial z-test
for proportions (Fleiss, 1981) and 95% confidenterivals calculated. Finally, the average bout

length of each behavioural stat_ﬁ,vvas approximated following Lusseau (2003a)

3. Results

3.1 Field effort

During the study period, a total of 46 days (86rspwas spent following focal schools. A total of
63 boat interactions were observed, with dolphpending 28.9% of the time they were followed
by the observing research vessel in the presenteedfour vessel. Over the study period 1566
behavioural transitions were recorded, of which8livere considered as control and 448 as impact.
These transitions were collected over 52 contrgusaces and 23 impact sequences. Control
sequences lasted 74.5 min on average (median=6in53S&=5.7, range=30-210) and impact
sequences averaged 61.4 min (median=51 min, SErh@e=30-150). Despite the intensity of
vessel traffic in the region, the time dolphinsrggateracting with other vessels was relativehly lo
when compared with the tourism boat. While dolgtépent 28.9% of the time we spent following
them interacting with the tour vessel, only 1.8%this time was spent interacting with other
vessels. These interactions also tended to baéeshonean=25.5 min). Due to sample size, all
observations of dolphin behaviour with vessels othan the tour vessel were excluded from the
analysis.

3.2 Effect of boat interactions

Tour boat interactions affected behavioural statesitions AG*= 106.6, df = 16, p<0.001). While
these interactions had an effect on the transitiorsehavioural states of common dolphins (Table
2), observed effects did not appear homogeneoosighout all transitions. Overall, the presence
of the tour vessel significantly changed three ditians (Figure 2). The likelihood of staying
foraging when foraging was significantly decreasethe presence of the tour boat. Meanwhile,
transitions Mill - Social and Social> Mill both significantly increased when tour boatere
interacting with dolphins (Figure 2). In most cagéhere an increase in transition probability was
detected, travel was the succeeding behavioura. sfehe probability of staying in either foraging
(Pror for) OF resting states {a req decreased by 6.9% and 2.7% respectively duriagptiesence of
the tour vessel (Table 2).

The average time taken for dolphins to return &rthitial behavioural state altered in the
presence of the tour vessel. Generally, foragimd)r@sting dolphins took longer to return to their
initial behavioural state in the presence of ther teessel, with the time required to return to
foraging activity extending by over 60% to 13.9 rfiliable 2). The behavioural budget of dolphins
was different when tour boat interactions occurfeigure 3). Overall dolphins spent more time
travelling, milling and socialising when the tourdt was present to the detriment of feeding and
resting states. The time spent feeding was siifly reduced in the presence of the tour boat by
11.9% (Z = 4.95, P<0.001).
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Table 2- Probability, time units and average time (min)uiegd to return to initial behavioural
categories during (a) control scenarios i.e. preseih research vessel only and (b) during impact
scenarios i.e. presence of tour vessel and reseassiel only.

(@)

Behaviour 5 (Probability of being E(T;) (Average Average time (min) to
in a particular number of time units  return to a behaviour
behavioural state) taken to return to a when vessel has come

behavioural state) upon them

Travel 0.316 3.2 9.5

Mill 0.223 4.5 13.5

Forage 0.335 3.0 9.0

Rest 0.057 17.5 52.6

Social 0.069 14.5 43.4

(b)

Behaviour T, (Probability of being E(T) (Average Average time (min) to

in a particular number of time units  return to a behaviour
behavioural state) takentoreturntoa  when vessel has come
behavioural state) upon them

Travel 0.347 2.9 8.6

Mill 0.279 3.6 10.7

Forage 0.216 4.6 13.9

Rest 0.054 18.6 55.7

Social 0.104 9.6 28.9

Given that dolphins spent 28.9% of their time iat¢ing with the tour boat, their overall
behavioural budget (compiled from the time spertdntrol, 71.1%, and impact, 28.9%, situations)
did not significantly change compared to their coinbehavioural budget. However, it is worth
noting that the amount of time they spent foraginwgrall was lower by 10% compared to their
control budget (proportion of time spent feedingntcol budget: 33.5% (30.8%-36.3%), overall
budget: 30% (27.9%-32.4%); range are 95% confidémeevals). The difference between these
two proportions becomes significant if dolphins &&s spend at least 31% of their time interacting
with tour boats (a 5% increase in tourism activity)fhe confidence intervals of these two
proportions no longer overlap if dolphins were persd at least 40% of their time interacting with
tour boats (a 38% increase in tourism activities).
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Fig. 2- Effect of boat interactions on transitions in &efoural state of dolphins, based on
differences in transition probabilitiesj{fpacy-Pijcontrony)- Therefore, a negative value means that the
behavioural transition of the control chain is gigreto the one of the impact chain. The graph is
composed of five parts, one for each preceding st#parated by vertical lines. In each part, bars
correspond to succeeding behavioural states (geadg. Transitions with a significant difference
(p<0.05) are marked with a star.

3. Discussion

The growth of cetacean-based tourism in New Zealaslbeen relatively recent. For example,
watching sperm whales in Kaikoura did not startl @87 (Donoghue, 1996) and dolphin-based
tourism really only appeared by the beginning ef 1#890s. Growth has been spectacular and today
there are over 80 cetacean-based marine mammanopermits issued in New Zealand — almost
all of them for dolphin watching and/or swimminggj@artment of Conservation 2006). It is clear
that dolphins and whales have become an importailirig point” used by Tourism New Zealand
to attract visitors to the country, with a sign#fit proportion of the over two million annual
international visitors to New Zealand participatiimg dolphin watching and swim-with dolphin
activities (Orams, 2003).

While many view and promote whale and dolphin wiaiglas a sustainable ‘use’ of marine
mammals, recent widespread concern has been groegagding the potential impacts associated
with this tourism activity (Constantine, 2001, 20@brdonet al, 1992; Lusseau, 2003a, b; Orams,
2004; Phillips and Baird, 1993; Scarpatial, 2003). The study reported here provides addition
evidence which supports the concerns expresselidsg tauthors. As is the case with almost every
reported study which has examined the behaviodotghins targeted by tourism operators to date,
we also found significant changes in behaviourtef tolphins as a consequence of tour boat
interactions. Our transition analyses using Markbains identified that tour boat approaches and
interactions did significantly change the behavabstate of common dolphins in the Hauraki Gulf.
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More specifically, the results show that the comndofphins targeted for tourism in this region
were significantly less likely to continue feedimgd less likely to continue resting after the
approach of the tour boat. These changes afféhtethehavioural budget of dolphins when they
were interacting with the tour boat. Just a snradtease in tourism activities would lead to a
significant alteration of the overall behaviouraldiget of this population, disrupting the amount of
time dolphins spend foraging and hence seriouslpgedising the sustainability of this industry in
the Hauraki Gulf.
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Fig. 3- Effect of boat interactions on the behavioural getdof common dolphins in the Hauraki
Gulf. Proportion of time spent in each behaviostate depending on the presence of the tour boat.
Error bars are 95% confidence intervals (Lusse@03&)

These results illustrate that changes in dolphimab®ur following tour boat interactions
impacted not only the average duration of feediagt® but also the entire behavioural repertoire
of the dolphin community. This change in behavibas important and potentially detrimental
implications for this population of dolphins. Fgihag and feeding are critical components of any
predator's behavioural repertoire and disturbancedisruption can have major consequences
(Boggs, 1992). For dolphins, foraging and feedamg highly developed behaviours which are
usually thought to have evolved in the contexthefbcal ecosystem (Wirsig, 1986). The foraging
behaviour of this species in this location has mdgebeen examined and has been shown to be
important not only for the dolphins, but also faher species such as the Australasian gannet
(Morus serrator) and Bryde's whalesB@laenoptera brydeii) who ‘key’ on the dolphins for the
benefit of their own feeding activities (Burges§02). Thus, disruption of foraging and feeding
behaviours of common dolphins in the Hauraki Gudfs implications which have potential
significance not only for the dolphins, but also dher predators and the wider ecosystem.
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The disruption of resting could also have importamplications, although disturbance of
resting activity during daylight hours is possilidss problematic than the disruption of foraging
and feeding. Activity budgets compiled by Neumg8801a) for common dolphins in Mercury
Bay, New Zealand, showed that only a small propor{0.7%) of daylight time was spent resting.
It is therefore assumed that most resting occunsgdit, although, no empirical data is available to
confirm this hypothesis. Two possible inferencas be made with regard to disturbance of resting
by the tour boat. First, since common dolphinsdpsuch a small proportion of their time resting
during daylight it can be assumed that this isanatitical part of their daytime activities. Thus,
change from resting to other behavioural states @nsequence of the presence of the tour boat is
unlikely to be disadvantageous. Second, and cealygrbecause so little time is spent resting
during the day, this limited time is important atldis any disturbance could be detrimental.
Irrespective, what is clear is that tourism acpi¥dcused on common dolphins in the Hauraki Gulf
does have impacts on their behaviour. Furthernibeems likely that such impacts, particularly
any disruption to foraging activities, could havetrimental long-term consequences for this
population and potentially the wider Hauraki Gudbsystem.

4. Conclusions

Since common dolphins are the most frequently sijltetacean in the Hauraki Gulf (Stockin,
2007), they are the primary target species of bmth vessels currently operating in the area and as
such, are the economic crux of the marine mammnuaistm industry in this region. Bryde’'s whales
are also targeted by the tour boats in this regtthpugh to a lesser extent owing to their sedsona
occurrence (Wiseman, 2007). While inshore-offshamyements of common dolphins have been
recorded in New Zealand waters (Neumann, 2001bjnwan dolphins remain present within the
Hauraki Gulf year-round. The significance of thesders for feeding (Stockin, 2007) and the high
occurrence of young calves throughout much of fireng and summer (Schaffar-Delaney, 2004)
highlight the importance of the Hauraki Gulf forstipopulation. Foraging activity in this regiors, a
determined by activity budget, is significantly heay (Stockin, 2007) than that reported in a
comparable study conducted in the neighbouring nwaté the Bay of Plenty, New Zealand
(Neumann, 2001a). It can be concluded from theqmestudy that tourism based on common
dolphins in the Hauraki Gulf is not benign and tbatinued operation of dolphin-watch vessels in
the area needs to be carefully monitored, partigufaven that a second permit is now in full-time
operation.

From a management perspective several possiblegatiith measures should be
contemplated. Firstly, tour vessels could be foitdndl from approaching common dolphins when
the dolphins are foraging or feeding. An implioatiof this approach would be the training of tour
vessel skippers to ensure successful identificadfdioraging and feeding activity from a distance.
However, tour boats would still have to come withiase range of dolphins in order to determine
their behavioural state. Alternatively, anothetiap would be to identify the time and/or location
at which dolphins are more likely to be foragingldm prevent tour vessel interactions during these
periods or in these locations (Higham and Luss2a04).

The Hauraki Gulf has been identified as a marinesgstem of national significance for
New Zealand. In addition, the New Zealand Marineninals Protection Act (1978) clearly states
that tourism operations should not have a detrislénipact on marine mammals. This study
reports detrimental impacts on common dolphins B&peing relatively low-levels of tourism.
Our findings suggest tourism impacts faced by comehalphins in the Hauraki Gulf are similar to
those previously reported for bottlenose dolphinspastal species typically considered to be more

10
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susceptible to cumulative anthropogenic impactsis likely that the disturbance shown in this
study from only one tour vessel will have been exraated by the recent expansion of tourism in
this region. We recommend the management agesppmsible for marine mammal conservation
in New Zealand, as well as the tourism industrgelft take action to minimise the impacts
highlighted by this study.
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