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Abstract

Worldwide expansion of arine manmal tourism overrecent decadeshas raised
international concerns in terms tfe effects of these tourism practices on the species
they target.Moreover, the growth and success of the industry have often outpaced
conservation planning, including Mew Zealand To illustrate, bur vessels have been
operatingfor ca. 25 years in the Bay of Plenty (BOP), situated on the east coast of North
Island New Zealand By 2010, a total okight permits had been granted across the
region However,development othis localindustry occurredvithout any baseline data

on speciewccurrencegistribuion, habitat use or behaviour.

This study sought tassess the historical occurreradfehe marine mammadpecies off
the BOP anddeterminetheir spatial and temporal digtution. Current distribution,
density and group dynamics weggamined forcommon dolphingDelphinussp.) and
New Zealand fur sealfArctocephalus forste)j the two most frequently encountered
species in the BOP and therefottege primarily targetedspecies by tour operatar$he
extent of anthropogenic interactions widbhmmon dolphinsvas investigated and their
effects on dolphin behaviour examinethe number ofcommon dolphin individuals
closely interacting withour vesselsvas estimated andblphin-vesselinteractionswere
guantified to assess repetitigacounters

In the absence gireviously undertakeaystematic dedicated surveys, the present study
investigatedthe historical spatial and temporal occurrence of dolphins, whales and
pinnipeds inthe BOP region. The examination of opportunistdata, collected between
December 200@ndNovember 201Wia various platforms of opportunity including but

not limited totour vesselsidentified fourteen species of dolphins, whales and pinnipeds
occurringin the region Confidence criteria in successful species identificatiarew
assigned based on observer expertise, diagnostic features of reported species and
percentage of records reported by observer tggmnmon dolphins were the most
frequently encouered species, followed by killer whale®r€inus orcg, bottlenose
dolphins {ursiops truncatug and New Zealand fur seals, other species being

infrequently encountered. Aethiled examination otommon dolphinhabitat use



revealeddiscrepancieswith previous findings €g. higher use of shallowerwaters),

possiblyexplained by inherertiasego the opportunistic dataset.

Dedicated surveysonducted between November 2010 and May 2bi/&stigate the

current distribution densityand habitat use of comon dolphinsand New Zealand fur

seals Both speciegxhibited a strong seasonality witbntrastingoccurrence in summer

and autumnfor common dolphinsand in winter and spring for fur seal®olphin
seasonality issuggested to bknked to movementto deeper offshore waters and/or
potentially to neighbouring regionsg;, the Hauraki Gulfland most likely related to
foraging opportunities. Fur seal seasonality suggests that the western BOP supports a
nonbreeding colony and that foraging reasoresyexplain the species occurrence in the
region.Higher density of common dolphiréd fur sealsdentified overthe shelf break

and reefgan beexplained by enhanced productivity.

First application oMarkov chain analyse® common dolphinwithin oceanic weers,
allowed examination othe effects oftourism activities on common dolphins the
BOP. Dolphin foraging behaviour was significantly affected alphins spent less time
foraging during interactionwith tour vesselsnd took longer to return to faging once
disrupted by vessel presend&isruption to feeding may bearticularly detrimental to
common dolphis in the BOP open oceanic habitat, wieeprey resources are typically
widely dispersed and unpredictabWhile the overall level ofour operatr compliance
with regulationsin the bay was relatively high, namompliance was recordedith

regardgo swimming with calves and extended time interacting with dolphins.

Evidence ofrepetitive interactions betweeonur vesselsand common dolphinsvere
examined using photoidentification to assess potential cumulative impactsn
estimated minimum of 1,278 common dolphin individuatseidentified in the region
for which the majority (86.9%) showed low lesedf site fidelity (.e. only one
encounter). At least 61.7%of identified dolphinswere exposed taour vessel
interactions.However, patial (.e. between the western and eastern-ragions) and
temporal (.e. daily, seasonal and annual) cumulative exposure to tourism activities was
observed for Iss than 10% of these individual$his is likely explained bytour

operators i reupsdor retugning to aread preferentially frequented by



dolphins {.e. presumed foraging hotspot$)ue to the opportunistimethod used for
photoidentification these resultsare indicative only of the absolute minimum of

repeated interactiordmmon dolphisa mayface in the region.

The present thesis represents the first comprehensive assessment of mamnmal ma
tourism in the BOPIt offersimportant contribubns to research and conservatiorthis
areavia the critical assessment dfistorical occurrencef marine mammalsn the
region This thesis alsgrovides comprehensive and detailédsights intocommon
dolphin and New Zealand fur sdeimporal and spial distribution in thearea Thiscan
servemanagemendgencies tamplement efficient conservation plahile identifying
that tourism operations significantly affect common dolphin behaviourrepetitive
interactiongresult in cumulative exposurthis thesis supports adaptive management and
further long-term monitoring of marine mammal species general, and irthe BOP

regionmore specifically
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Preface

The current study, and more specifically Chapter 4 of this thesis, form part of a tendered
contract commissioned by the Department of Conservatwmefr East Coast Bay of
Plentyconservancy. The department initiated this research in direct responsegmeson
raised by the local dolphin tour industry, since operators themselves were opposed to the
issuing of further permits within the region due to concerns over sustainability. With a
moratorium on further dolphin tourism acti@$ within the region re@sted by the
operators, the department initiated a three year study. As part of the consultation for this
study, operators were directly engaged by both the department and Massey University to
discuss all aspects of the proposed research. Dialogue caongc#raiscope of research

to be undertaking, including but not limited to the assessment of current compliance
levels, took place at the outset of the study and involved Massey University, Department
of Conservation and all operators with the ECBOP redimmddition, annual progress
reports and presentations were delivered to the operators, via the department in order to
keep all stakeholders informed on the progress of the research.

In the framework of this study and in agreement with the Department de@a@tion
contract (Appendix 1), some of the data presented here were collected aboard tour
vessels operating in the Bay of Plenty. Access to the tour vess#ig fgpecific purpose

of the preletermined research remit was agreed between all stakehwideding but

not limited to the Department of Conservation and the tour operators at the outset of
research project. Operators invited the Principle Investigator (Anna M. Meissner) and
associated research assistants to board their platforms with thesexptent of
collecting data with respect to the predetermined research remit. On a daily basis,
permission to board each tour vessel was further discussed between the observers (Anna
M. Meissner and/or the research assistants) and the tour operatarerrare, an
introduction of the onboard researchers to the patrons was undertaken along with a brief
dialogue about the data collection being undertaken and the overarching purpose of the

study.
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Chapter 1

General Introduction

The research vessdélronui Moanaanchoredat Mayor Island, Bay of Plenty, New
Zealand.



Chapter 1General Introduction

1.1 Introduction

Whether for the purpose of scientific understanding, commercial exploitation or
conservation management, interest in marine mammals has grown significantly over
recentdecadege.g. Forestell, 208; Jeffersoret al, 2008. However access to marine
mammals is often challenging given species live permaneetly. ¢etaceans) or
partially (e.g. pinnipeds) in aquatic environmentg-orcada, 2009) Consequently,
depending on species life cycle and mlsttion, the amountof interaction between
humans and marine mammashighly variable Indeed,observation otoastal resident
species, such as bottlenose dolphihsrgiopsspp) or killer whales Qrcinus orcg, is
facilitated by the proximity of theinabitat to the coastlinend human habitation and use

of that coastlinelnteractions between human and marine mamimaie enhanced our
knowledge of those species, bodve also resulted in exacerbated risks frofor
example, pollutionBorrell et al, 2006; Fairet al, 2010; Stockiret al, 2010) vessel
collision (Fertl, 1994; Wells and Scott, 1997; Visser, 1999b; Stone and Yoshinaga,
2000; Wellset al, 2008; Dwyeret al, 2014a) interactions with commercial fisheries
(i.e. by-catch and/or competith, VanWaerebeeét al, 1997; Friedlaendest al, 2001;
Kiszkaet al, 2008; Bearzet al, 2010)and/or tourism(Lusseau, 2003a; Bejdet al,

2006b; Christianseet al, 2010)

Conversely, encounters wigielagic offshore speciesd. false killer whales,Pseudorca
crassidens striped dolphinsStenella coeruleoallaare more limited compared with
coastaldwelling populations given that offshore areas are typically less frequented by
humans anewing to spatietemporal constraints driven by dataleotion in the field

(Robbins and Mattila, 2000; Kiszkat al, 2004; McClellanet al, 2014) While these

2
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pelagic offshorespecies are potentially less vulnerable to human disturbance, our
knowledge is typically more restricted owing to tempogsdpgrapic and budgetary
restrictions cemed around research(Mannocci et al, 2015) In such cases, data
provided via opportunistic means, whether that is historical whénggret al, 2000;

Flinn et al, 2002; Torreset al, 2013) stranding or opportunigt sightings
(Camphuysen, 2004; Siebettal, 2006; Pikeslewt al, 2012) often represent the only

data available for some species and populations.

1.2 Challenges and implications of marine mammal data

collection

Knowledge of marine mammals.{.distribuion, habitat use, abundance or behaviour)
hasextensivelyrelied on a range oimethods and approaches to data collectibrans
and Hammond, 2004pepending on the species, resource availability and purpose, data
can be collected usinindbasedobservabns (Harzen, 1998; Carrettat al, 2000;
Lundquistet al, 2013) aerial (Dohl et al, 1986; Forneyet al, 1995; Carretteet al,
2000; Hammonget al, 2002;Hodgsonet al, 2013;Beckeret al, 2014)or boatbased
platforms(Cafiadas and Hammond, 206&mmondet al, 2013; Dougla®t al, 2014)
from which surveys can be carried out. In addition, other methods inchakrwater
observationgBrageret al, 1999; Miles and Herzing, 2003; Cusick and Herzing, 2014)
or acoustic recording¢Filatova et al, 2006; McDonald, 2006; Simosat al, 2010)
Regardless dahe platform usedjataare either collected viagorousscientific protocol,

i.e. throughdedicated research survegsd standarded methods, or alternatively via



Chapter 1General Introduction

opportunisticmeansi.e. various sourcesand platformswhich mayrange from public

sightingsto data collected bgesearchers in a nesystematic manner

Research latform type andstudy design greatly influendbe level of informationthat

can be inferred from a datag®obbins andMattila, 2000; Evans and Hammond, 2004)
While less concern typically arises from data collected within the framework of
dedicated surveys using systematic standaddmethods, some studies must rely on
opportunistic datasets, including those collectemmfiplatforms of opportunityScott

and Chivers, 1990; Fiedler and Reilly, 1994; Williagtsal, 2006a; Macleoctt al,
2009; Cotté et al, 2010) Typically, such platforrs may result ininaccuracies obias

that must been accounted for in the methodolagy/or analysis of the study
Regardless of platform type, if data are collected opportunistically or if the study design
is not appropriate for the research questioagcuracies obiases are likely and must be
addresseqHauseret al, 2006) For instace, data may be restricted in time and space
(Redfernet al, 2006; Wallet al, 2006; Kiszkaet al., 2007b; Co#t et al, 2009; Palacios

et al, 2012)or concerns expressed regarding the reliabdityalidity of data recorded
(e.g. species identificabin, group size and composition, Evans and Hammond, 2004;
Hauseret al, 2006; Barlow and Forney, 2007; Martinez and Stockin, 2011; Meura

al., 2012; Hupmaet al, 2014)

Opportunistic data are collected from a wide range of platfoRos.example, drries

and cruise ships have extensively been used as they offer the advantage of covering
large areas and crossing offshore watgrg. Scott and Chivers, 1990; Fiedler and
Reilly, 1994; Coté et al, 2010) often inaccessible to traditional research plat&r

Fishing vessels have also been used to estimatatbii(e.g.Vinther, 1999; Rogan and

4
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Mackey, 2007; Fernanddgzontreraset al, 2010) as have tour boats to assess ecological
guestions concerning spectesgetedor tourism(e.g.Azzellino et al, 2008a; Wiseman

et al, 2011)

The primary purpose of whale/dolphin watchiegrism is to get a close encounter with
marine mammaléOrams, 200Q)For this reason, a large proportion of opportunistic data
originates from commerciabtir vesselsSearch efirt (in time or distance) is therefore
dedicated to finthg cetaceans, with greater probability to encounter marine mammals
than from aboard otheyatforms of opportunityMoreover, skippers and crew usually
record some degree of information regarding ¢ineounter i(le. GPS location, time,
species, group size and composition), assuming these are not already required to be
reported to management authoriti@dartinez and Stockin, 2011)inally, although
taken opportunistically, photographs #mdvideo ae also typically collected by crew,
often allowing species identification, group size and/or composition to be confirmed or
giving access in some cases for individual identificati@wyer et al, 2014a;
Zaeschmaet al, 2014) Consequently, given the g expansion of this industry world
wide, tour vessel®ften provide inexpensiviegistical supporto study various aspects

of cetacearecology(Robbins and Mattila, 2000; Azzellinet al, 2008b; Wisemaret

al., 2011)

1.3 Marine mammal -watching in the touri sm industry

1.3.1 Marine mammal tourism world -wide

Naturebased marine activities, and more specifically marine wildlife experiences, have

become the subject of tourism attention over the past few defldidgemm and Luck,
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2008b) Viewing whales in the wal started in the 1950s with observing gray whales,
Eschrichtius robustysn San Diego, California, USfoyt, 20®). Following the rising
demand and success dfese interactions, traditionathalewatching activities have
evolved angdtoday, satisfy a lage variety of expectations. For example, marine mammal
based tourism encompasses any form of commeaciatities of viewing, swimming
with, listening to and/or feeding marine mamm@sarsonst al, 2006; Carlson, 2012)
The traditional and populawhde-watching activities involve trips out at sea but

opportunities also include observations from land and thglait and Iiiguez, 2008)

The marine mammal tourism industry experienced a remarkable expansion af@mly
years, as it spread to otherrgsaof the world in the late 198Q0#ioyt, 2009) For
instance, whalevatching tours operated in 31 countries and territories in {994t,
2001) became available in 83ountriesand territoriesby 1998 (Hoyt, 2001)and had
further expanded to 119 courgs by 2008(Figure 1.1, O'Connort al, 2009)
Simultaneously, the number of tourists expanded at a rapid rate,awitstimated
four million tourists in the early 19908Hoyt, 2001) more than nine million in 1998
(Hoyt, 2001)and over 13 millionn 20@ (O'Connoret al, 2009) with some countries
surpassing one milliomarine mammatourists per annurfe.g. USA, Canada, Canary
Islands and Australia, Hoyt, 2001; O'Conratral, 2009) As a consequence, marine
mammal based tourisractivities represent aignificant economic componentf the
ecotourism industry sectaiHoyt, 2001; O'Connoret al, 2009) For example, the
industrywas estimated to haygnerated ovddS$1 billion in totalin 1998(Hoyt, 2001)

and over double that amoub® years late(O'Connoret al, 2009) In response to the
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growing demand and given the economic potential, it is believed that the industry will

continue to expan(CisnerosMontemayoret al, 2010)

In the history of marine mammal exploitation, marine mammal tourism hbeais béen
positively considered compared to lethal whaling activiifgersons and Draheim, 2009;
Draheim et al, 2010; Chen, 2011) Moreover, watching freeanging dolphins is
becoming a popular alternative tdewing dolphins in captivity (Hughes, 2001;
Luksenburg and Parsons, 20143 such, the tourism industry is perceived to have some
conservation benefits including wildlife management, tourist education and research

support(Higginbottom and Tribe, 2004; Kriiger, 2005; Section.1.2)

Figurel.1: Map of countriesparticipating in marine mammal tourism activities in 2008,
displayed n bl ack ( Sceuaf,2089). O6Connor
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Although species targeted by tourism activities are typically the most prevalent and/or
reliably found in a region, the vast majgrof all marine mammal species are targeted
by tourism activities(Hoyt, 2001) This includesbaleen whales, dolphingorpoises
pinnipeds and other marine mamnsgecies such as polar bedtérsus maritimup
(Lemelin, 2006; Parsoret al, 2006; Hoyt, P09). Additionally, some of these targeted
species are endangeregl( blue Balaenoptera musculusnd northern right whales,
Eubalaena glacialis He ct or 0 Gephadlarhynehus hestori hectprand the

Mediterranean monk sedllonachus monachys

1.3.2 Marine mammal tourism in New Zealand

The whale and @phin watching industry in the Oceania, Pacific Islands and Antarctica
regiors has matchedthe global trendand is led today by significant industries in
Australia andNew ZealandO'Connoret al, 2009) In New Zealand, marine mammal
tourism was first established in 1987 in Kaikol2onstantine, 1999; Orams, 2004)
(Figure 1.2) Similar to the rest of the world, New Zealand has experienced a spectacular
expansion with an annual growth averaging 9%, veithestimated230,000 toca.
550,000 international and domestic tourists participating in tours between 1998 and
2008 (O'Connor et al, 2009) Indeed, New Zealand has earned an international
reputationas amarine mammal tourismestination owingo the outsanding diversity of

marine mammal species occurring in its wa{&usstedand Neale, 2004)

With almost half the world's cetaceapeciesand nine species of pinnipe@sther

resident in or migrating through New Zealand wa{&uisted and Neale, 2004harine
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mammal based tourism in New Zealandxtremelydiversified. Activitiesrange from

viewing oceanispecies sucascommon dolphingDelphinussp) or sperm whales

Common dolphins

Bottlenose dolphins
» Hector’s dolphins

Dusky dolphins TAbe'
asman

Sperm whales

/\ Bryde’s whales
(> NZfur seals

Kaikoura

9

Banks
Peninsula

() Otago Peninsula

L.-,
, Porpoise Bay

Figure 1.2: Marine mammal species targeted by commercial tourism activities &nd the
locations in New Zealand.
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(Physeter macrocephalu¢Richteret al, 2006; Stockiret al, 2008a; Meissneet al,

2015t o swi mmi ng with en {Mannezet ai €eli)orMNéws dol p
Zealand fur sealsAfctocephalus forsteyiCowling et al, 2014) The main focal species

include dusky dolphingLagenorhynbus obscurusLundquistet al, 2012 and sperm
whales(Richteret al, 2006)in Kaikoura, bottlenosedolphins(T. truncatug in the Bay

of Islands and Fiordlan@onstantine, 2001; Lusse&03a) common dolphins off the

northeast coast of the North Isla(fdeumann and Orams, 2006; Stockinal, 2008a;
Meissneret al, 2015)and Hect or 6s dol phins off Banks
(Bejderet al, 1999; Martinezt al, 2011 Figure 1.2. Additionally, New Zealand fur

seals have also been the focus of regular commemaigism interactions since the

recent recolorsation of some breedirgjtesin the South Islan¢Borenet al, 2001)

A range ofconcerns have been voiced over effectstto$ industry upon targeted
popul ations within New Zealand including
dolphins(e.g.Constantine, 2001; Lusseau, 2003a; Neumann and Orams, 2006; Stockin

et al, 2008a; Martinez, 2010; Lundquist al, 2012) sperm whées (Richter et al,

2006)as well as for New Zealand fur seéBorenet al, 2002) In an attempt to mitigate

these effects, guidelines and regulations have been introduced, for which New Zealand

hasbeen considerean international leadéOrams, 2004)

In New Zealand, all marine mammal species have been protected since 1978 under the
Marine MammalsProtection Act(MMPA, 1978) In 199Q the Marine Mammals
Protection RegulationdMPR) wereintroduced to provide a regulatory framewdok
whalewatchingactivities andto regulate human behaviour around marine mammals in

general. These regulations were consolidated in 1(8&&ine Mammad Protection

10
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Regulations 1992) following the expansion of commercial dolptbased activities and
a commensuratancrea® in the interactions with recreational vessélse Department
of Conservation is responsible for administratthg MMPA and MMPRand do so

through a permit system and via monitoringpefmitted marine mammedur vessels

Since he first permit was issed in the late 198080rams, 2004)permits to watch
and/or swim withmarine mammalén New Zealanchave increase In 1999, out of 14
Department of Conservatiaronservanciesoveing the North and South Islandcharine
mammal tourism had become well ddished in10 of them, with 74 permits granted
nationwide (Constantine, 1999)This number increased @0 in 2005 (International
Fund for Animal Welfare, 20059nd to112 in 2011 Department of Conservatippers.

comm.) with new permitapplicationscurrently awaiting approval

1.3.3 Marine mammal tourism in the Bay of Plenty region

Situated on the east coast of the North IslandBeneof Plenty(BOP)is second only to
the Bay of Islands as the busiest destinationdeiecearwatching in the North Island
(O'Connoret al, 2009) This industry is supported by a diversity and abundance of
marine mammal species occurring in #rea(GaboritHaverkort and Stockin, 2011)
likely influenced by théathymetryand oceanographic conditions of the regilleed,

the western part of the region, characted by a wide continental shelf margin and
typically used by coastaksidentspecies(GaboritHaverkort and Stockin, 2011This
contrastswith the easterrsubregion featuringoceanic waters close to the coastiamel

visited by pelagiamigrant or visitingspecies(GaboritHaverkort and Stockin, 2011)

11
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Suchbiodiversity has particularlgncouragedhe development of a flourishing tourism

industry in the region ovehe past fewlecades.

While the exact starting daremains unknown, commercial dolpiiased operations in

the region commenced in the early 1990s (Butler, pers. comm.), before the first
commercial permit was granted in 19@dowling et al, 2013) In 2001, two vessels
were permitted to operate from Tanga(37.6878°Sand176.1651°Exnd a further two

from Whakatane (37.5700°S 177.005)°@igurel.3, Neumann, 2001b)By 2010,
there were a total afight permits acrosshe region, allowindLO vessels to operate, of

which seven were based from Tauranga e remaining three from Whakatane.

Entrepreneurship and the potential for economic benedibsexplain the expansion of
marine mammal tourism in the BOP. Howevthe lack of addressinthe effects of
tourismon species occurring in the region can pa#dly result innegative impacts and
may create amnsustainable situatiofiParsons, 2012Failing to anticipate the success
and expansion of marine mammal tourigmthe region andacing an absence of
baseline datathe Department of Conservatiogstdlished a moratorium in 2010,
preventing any further permit to la@proved forthe BOP until the completion of two
commissioned studies dhe potential effects dburism activities on New Zealand fur
sealsand common dolphingCowling et al, 2014; Meisger et al, 2014 Chapter 4.
Assessing marine mammal behaviour in relation to tourism operationsxanaining
the compliance of tour operatossith regulationscan minimise potential effects and
ensure tourism activities are ecologically sustainabléerrégion. However, in order to

identify and mitigateeffects of human activitiesn specific species in a given location,

12



Chapter 1General Introduction

further knowledge about their spatial and temporal distribution is necé&sigdaet

al., 2005; Macleockt al, 2009) yet oftenstill overlooked.

176°0'0"E 176°40'0"E 177°20'0"E 178°0'0"E 178°40'0"E
1 1 L ! !

36°40'0"S

East
Cape Eddy
EAST CAPE |
SUB-REGION

37°40'0"S

New
Zealand

39°0'0"S

39°20'0"S

Figure 1.3 Location of the Bay of Plenty and places referred thig chaptem relation
to the North and South Island of New Zealanthe approximate position of
hydrographic features is indicateBlathymetry is depicted with dankeshades of blue
representing deeper watexsd isobaths in 50m incremebgathymetrydata courtesy of
NIWA (CANZ, 2008).
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1.4 Importance of marine mammal distribution studies

Wildlife tourism has previously contribudeto the conservation of targeted animals
(Orams, 1994; Higginbottonet al, 2001; Zeppel and Muloin, 20Q7For this, the
industry has tgrovide some baselinaowledge of speciedistributionor behaviour to
assist with their conservatioror example understanding howiven species usgheir
habitat provides a strong basis to implemenbnservatiorplansand mitigate potential
anthropogenic impactspon targeteghopulations(Hookeret al, 1999; Cafadast al,

2002; Guisanet al, 2006) Moreover, identifying the relationship between species
distribution and physiographic variablestheir environment is also of great importance

for the tourism industry in order to predict marine mammal occurrence in space and time

(Lambertet al, 2010)

Marine mammal distribution and density largely reflectoceanographic and
physiographicfeaturesof the environmen{Huntley et al, 2000; Wormet al, 2005)

given that those processes influettze distribution and availability dheir prey (Irvine

et al, 1981; Selzer and Payne, 1988; Ballance, 1992; @rall., 1998; Daviset al,

1998; Canadast al, 2002; Daviset al, 2002; Forcada, 2009T herefore, when prey

data are unavailable, marine mammal distribution can alternatively be investigated via
the examination ophysical and/or biological componerds the marine environment

such as water depth, distance to shore, slope gradient, sea surface temperature (SST)
and/or chlorophyla concentration (Ckd) (e.g. NotarbartoloDi Sciaraet al, 1993;

Davis et al, 1998; Canadast al, 2002; Lopezet al, 2004; Laran and Drouddulau,

2007; Azzellinoet al, 2008a; Macleoat al, 2008) The nfluence of ecological factors

on species can be investigated by midgltechniqueqGuisan and Thuiller, 2005;

14
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Guisanet al, 2006; Redferret al, 2006) allowing rot only the identification of habitat
use but also providing the ability to understand and predict changes in species

distributionover time

The ecology of marine mammals in the BOP has soiir concentrated oresearch
focusing oncommon dolphig, ard with the vast majority conducted along the east coast
of the Coromandel Peninsulaa. 100km northwesthe centraBOP (Neumann, 2004,

c; Neumanret al, 2002; Neumann and Orams, 20@806; Meissneet al, 2015) To a
lesser extentNew Zealand fur sds have been studied within BOP waté@owling et

al., 2014) although primarily only in relation to behaviounllowing concerns over
potential tourism effects Consequently, a broader understanding of marine mammal
biodiversityand ecologywithin the larger BOPregionremainslacking yetis crucial in
order to implement appropriate conservation and management initigtleeger and
Gerber, 2004; Cafada&s al, 2005; Cafadas and Vazquez, 2014jis is of particular
importance off Tauranga, where nmoscent growth of thetourism industry has

occurred.

1.5 The study area

The BOP (37.0600°S; 175.5800°E and 37.6000°S; 178.57QSi)ated on the north
east coast of the North Island, New ZealdRtjure 13), is an oceanic habitat with
water depths genergllreaching 200m within 35km of the coastline (Park, 1991)
Spanningca. 200km of shorelingéPark, 1991)the bay opent the Pacific Oceam the
North and can be divided into three major selgions: the western (west of

176.3500°E), the eastern (176.85@ 177.4000°E) and the East Capdregion (east

15
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of 177.4000°E, Figurd.3). From abathymetricperspective the western and eastern
subregions are characteed by a relatively wide continental sheifhich extends up to
35km (Figures 13 and 1.4, Pak, 1991) The continental shelf is relatively smooth in
terms ofbathymetry(slope<1°), with only a few reefs or shoaksssociated with steep
bathymetry (slope>1°, Figure 14, Park, 199) However, in the vicinity of Cape
Runaway and East Cape, the shadfirows to 8km with steeper slopeand deeper

watersfound closer to the shofPark, 1991, Figuré 4).

The BOP is also charactszd by complex hydrographic features, dominated by the East
Auckland Currentwhich follows the coastline soutrastward agh transports relatively
warm and saline subtropical wat@harples, 1997; Stantat al, 1997; Tilburget al,
2001) The strengtrand position of théeast Auckland Currentaries substantially in
time depending on offshore windgSharples, 1997; Stantaat al, 1997; Tilburget al,
2001) While some of this flow seasonakiypproaches thBOP slope, and potentially the
shelf another part of the flow feeds the East Cape Eddy, north of East{Stapéonet

al., 1997, Figure B). The flow further @neraés the East Cape Currgi@tantonet al,

1997; Tilburget al, 2001, Figure B).
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176°0'0"E 176°40'0"E 177°20'0"E 178°0'0"E 178°40'0
1 1 N 1

Figure 1.4: Bathymetryslope map of the Bay of Plentifew ZealandSmooth slopes
(<1°) are indicated in yellow, steeper slefg-2°) in green and the steepesies(>2°)
in red.

1.6 The study species

Marine mammal tourisnmn the BOPiIs supported by a wide range of marine mammal
species occurring in the regiosome of which qualify as residerdonmondolphins
and New Zealand fur seals), seasoratilenose dolphins andiller whales) and
potentially offshore resider(pilot, Globicephalaspp., and beaked whalegZiphiidag
GaboritHaverkort and Stockin, 2011Pther species, opportunistically encountered in
the region, have been categed as seasonal migrante.g. humpback, Megaptera
novaeangliag sperm, minke,Balaenoptera acutorostrafasouthern right whales,
Eubalaena australis or visitors (Bryde's, B. edenj blue, fin, B. physalus sei, B.
borealis and fase killer whalesPseudorca crassidepgGaboritHaverkortand Stockin,

2011) While all species can potentially be encountebyd commercialoperators
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tourism activities in the BOP relies on the predictable occurrence and movements of
marine mammals(Lambert et al, 2010) and therefore on the most frequently
en®untered speciese. common dolphingMeissneret al, 2015 Chapter 3 andNew
Zealand fur seal¢Cowling et al, 2014) Consequently, an examination of current
knowledge pertaining to distribution, seasonality, habitat use and conservation status of

these two key species is provided hereafter.

1.6.1 Common dolphins

Common dolphins@elphinusspp.) belong to the delphinid subfamily DElphinidae
(Leduc et al, 1999) The global taxonomic status of common dolphins remains
uncertain. Based on morphologi¢bleyning and Perrin, 1994; Murphet al, 2006)and
genetic difference¢Roselet al, 1994; Natoliet al, 2006; Amaralet al, 2007) two
species of common dolphins are currently recognised: thelsbaked D. delphid and

the longbeaked common dolphinD( capensiy which appear genetically isolated
(Heyning and Perrin, 1994; Rosatlal, 1994) Both species are thought to have recently
diverged(Kingston and Rosel, 2004nd sympatric occurrence exists across the species

home rangéHeyning and Perrirl994; Roseekt al, 1994)

Due to their wide distribution, several geographical variant®ephinushave been
described as subspecig¢ershkovitz, 1966; Heyning and Perrin, 1994pwever only

the verylong-beaked subspecig®. c. tropicalis) endemicof the Indian Ocean, has
been confirmedJefferson andvan Waerebeek, 2002although ongoing taxonomic
debate concerning the genDslphinuscontinues(Amaral et al, 2007, 2012a, 2012b)

In the South Pacific, while studies confirmed evidence for thet-bleaked form in
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southern Australian wate(8ell et al, 2002; Bilgmann, 2007Yhe taxonomic status of
the species in New Zealand waters has not been entirely clgBfieckinet al, 2014)

As suchNew Zealand common dolphirereafter is referred @sDelphinussp.

1.6.1.1 Distribution

Common dolphis occur in warmtemperate to tropical waters worldwitigically from
approximately60°N in the Atlantic and 45N in the Pacificto 50°S (Jeffersonet al,

1993; Pollocket al, 2000; Hammonekt al, 2008, b; Cafiadast al, 2009; Beckeet

al., 2014, Figure B). The accurate distribution of each species remaiggrtain due to

past taxonomic confusion (Rice, 1998) and difficulties distinguishing species in the field

(Hui, 1979; Fornet al, 1995; Bekeret al, 2014)
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Figure1.5: Global distribution of common dolphins, gernslphinus displayed in red
(modified from Hammonet al, 200&, b).

In the western Atlantic, common dolphins occur off Canada and North Ameriga
Selzer and Payne, 198&ffersonet al, 2009; Lawsoret al, 2009; Goyertet al, 2014)

to South Americge.g.Di Benedittoet al, 2001; Jeffersomt al, 2009; Oviedcet al,
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2010; Tavarest al, 2010) However, their distribution appears to be discontinuous,
presumably relad to SST (Cafiadaset al, 2009) as theyappearabsent from the
tropical waters(Jeffersonet al, 2009) and some areas in the central North Atlantic

where cold temperaturésve beemecorded Cafnadat al, 2009)

In the eastern Atlanticcommon dolpms are reportedfrom the Europeairfe.g. Silva,
1999; Hammoncet al, 2002; Lopezet al, 2004; Kiszkaet al, 2007b; Certairet al,
2008; Macleockt al, 2008 2009; Lamberet al, 2010; Piercet al, 2010; Robinsoret
al., 2010)to west Africancoasts(e.g. Perrin, 2008; Pinel&t al, 2008 2011 Weir,
2010; Perrin and Van Waerebeek, 2012; Wetral, 2012; Sohouet al, 2013;
Segniagbet@t al, 2014) including the Mediterranean and Black $eay.Notarbartolo
Di Sciaraet al, 1993; Bearzet al, 2003 2011 Gannier, 2005; Cafiadas and Hammond,

2008; Dede and Tonay, 2010)

The genus is also present in the Red Sea and the Indian @ag&udolphet al, 1997;
Ballance and Pitman, 1998; Jayasankaral, 200§ 2009; Eyre and Frizell, 2012;
Mohsenian et al, 2014) and has been observed dffe South African coasie.g.
Cockcroft and Peddemors, 1990; Young and Cockcroft, 1994; Samali2005; Best

et al, 2009; Ambroset al, 2013)

Common dolphis arepresent in the Pacific Ocean from NoAmmerica(e.g.Fiedler and
Reilly, 1994; Ford, 2005; Carrettat al, 2007; Beckeret al, 2014; Smultea and
Jefferson, 2014fo Chile (e.g.Van Waerebeelet al, 1997; Bernakt al, 2003; Mangel
et al, 2010) from theSea of Okhotsko Korea(e.g.Ohizumi et al, 1998; Ahnet al,

2014; Kanajiet al, 2014)and within Indonesian wate¢s.g.Rudolphet al, 1997)
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In the South Pacific, information aommon dolphirdistribution is limited. Strandings,
incidental captures or biopsies have usually providéarmation in terms otommon
dolphin occurrence and geographical range in New Caled@ga Borsa, 2006)and
South Australige.g. Kemperet al, 2005; Ross, 2006; Bilgmaret al, 2008; Hameet

al., 2008; Molleret al, 2011) However, a recent assment of common dolphin
distribution was provided for coastal waters of the Gulf St Vincent, South Australia

(e.g.Filby et al, 2010)

Besides knowledge inferred frofny-catch (Meynier et al, 2008b; Stockinet al,
2009b) common dolphin encounters inelN Zealand have also been reported via
specific studies on humatolphin interactions in the Bay of Islan@Sonstantine and
Baker, 1997) the Hauraki Gulf(Stockin et al, 2008a)and the east coastbf the
Coromandel PeninsultNeumann and Orams, 200@ncounters in the South Island
have also been document@tager and Schneider, 1998lement and Halliday, 20}4
but their habitat remains unclear (Clement and Halliday, 2@wyer (2014)provided
the firstfine scale examination of common dolphin disttibn and habitat usie the
Hauraki Gulf. However, ikowledgeof common dolphirdistribution in the BOP is yet to
be investigated, with an obvious need to understand the splisfiélsution in oceanic

regions other than juge east coastf theCoromane! Peninsula (Neumann, 2001).

1.6.1.2 Seasonality

Seasonal changes common dolphin distributiolmave been reported in various regions
and have usually been identified as inskhaffshore movements. For instance, common

dolphins typically move offshoreniwinter and inshore during the summer the
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southwestern MediterranegiCafiadas and Hammond, 2008he opposite trend is
described in the northeastern Atlantic, wheoenmon dolphia are more abundant in
offshore waters (20@,000m) during summetopezet al, 2004; Cafadast al, 2009;
Silva et al, 2014)but move towards shallower waters of the continental shelf during
winter (Pollock et al, 2000; Macleodet al, 2009) Similarly, common dolphin
distribution extend further offshore and northwards the northeastern Pacific off the
Californian coast, with higher densities in summer compared to wiGterettaet al,
2000; Beckeret al, 2014) Such seasonal shifts are suggested to follow migration
movements of prey speci¢Selzer and Payne, 1988afiadas and Hammond, 2008;
Jeffersoret al, 2009; Oviedeet al, 2010) For example, shifts to offshore waters have
been linked with thenovementsof anchovies Engraulis encrasicolysin the Atlantic

and displacement of sardinesS4rdina pilchardus in both the southwestern
Mediterranearand off the southeast coast &futh Africa (Cockcroft and Peddemors,

1990; Cafadast al, 2002; Cafiadas and Hammond, 2008)

In New Zealand waters, and more specifically thi# east coastof the Coromandel
Peninsula common dolphins have also been observed to perform a seasonal shift
occurring closer to shore in summer and moving further offshore in winter, presumably
linked to changes in SST and more specifically movements ofE#dst Auckland
Current(Neumann, 2001cA similar pattern is also evident in the Hauraki Gulf, where
common dolphie are found in shallower waters during the summer mof&hsckin et

al., 2008b; Dwyer, 2014)
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1.6.1.3 Habitat use

Common dolphins are typically considered pela@askin, 1992)occurring in deep
waters (20€2,000m) beyond the continental slope in the Mediterrari@arellino et
al., 2008a) North Atlantic(Hookeret al, 1999; Lopezt al, 2004; Silvaet al, 2014)
and Pacific(Carrettaet al, 2000) However, the genus is aléound in shallow waters
over the continental shelfiithe Atlantic(Di Benedittoet al, 2001; Certairet al, 2008;
Jeffersoret al, 2009; Macleockt al, 2009; Oviedcet al, 2010; Robinsort al, 2010)
and Pacific(Stockinet al, 2008b; Filbyet al, 201Q Dwyer, 2014. They also inhabit
shallow waters of the continental slojpethe Atlantic(Selzer and Payne, 1988; Kiszka
et al, 2007b; Pierceet al, 2010)andthe MediterraneafNotarbartolo D Sciaraet al,

1993)

In some areas, occurrence ofmomon dolphins is reported in botteep andshallow
waters(Cafiadas and Hammond, 2008; Jefferebial, 2009; Beckeet al, 2014)and
has been explained by differences in prey availability and feeding j@biiada®t al,
2002; Cafiadas and Hammond, @DAlternatively, given that sightings often refer to
the entireDelphinusgenug(Beckeret al, 2014) it has beesuggestedhat differences in
habitat use are linked to habitat partitioning between the -shodt longbeaked forma

(Heyning and Perrin994; Jeffersomet al, 2009)

Behavioural aspects, and more specifically foraging behaviour, also seem to explain
common dolphinuse areaswith prominentbathymetrysuch as the continentalope,
shelf breakor canyongHui, 1979 1985; Selzer and Paynt)88; Hookeret al, 1999;

Oviedo et al, 2010) Such features provide foraging opportunities with higher prey

23



Chapter 1General Introduction

resourceenriched by local upwellings and concentrated by the steglymetry.
Likewise, correlations have been made between common dolphirreoe andighly
productive areas such as waters influenced by upwellidgsand Perryman, 1985;
Selzer and Payne, 1988; Cafiadas and Hammond, 2008; JeBemor2009; Silvaet

al., 2014) or between dolphin distribution and S§CTafadaset al, 2005 2009
Canadas and Hammond, 20@8)chlorophyll concentration&afadas and Hammond,
2008; Mouraet al, 2012) However, it is more likely that those oceanographic features
affect dolphins subsequently, while first influencing dolphin prey spé€agads and

Hammond, 2008; Cafiadasal, 2009)

Social organgation appears to also influence common dolphin habita(Cesgadas and
Hammond, 2008)For instance, groups containing calves showed a tendency for higher
density towards shallower waters in theediterranean andvere partly explained by
foraging strategies of lactating females feeding on highly nutritive (€afiadas and
Hammond, 2008) Similarly, in the Hauraki Gulf, nursery groupgsere primarily
reportedin shallower watergStockinet al, 20@8b), althougha recent stuy reported

groups containing neonatesdeeper waters in areas of decreased gopger, 2014)

1.6.1.4 Conservation status

Common dolphins are protected by various inteomal and national legislation
(Murphy et al, 2013) On a global scale, shebeaked common dolphins are listasl
Al east lzy otimec Ietermatmonal Union for Conservation of Natufi@CN,

Hammondet al, 2008b) However, the IUCN classified the Migerranean common

d ol p hiendangaeslin Z003 afterthe population in the eastern lonian Sea was
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discovered tde indecline(Bearziet al, 2005) Although the worldide population is
not considered to be under threat, factors affecting the Mediterrgpegadation of
common dolphin,i.e. fisheries bycatch, depletion of food resources caused by
overfishing and pollutior{Bearziet al, 2003) potentially pose similar threats to other

populations.

In New Zealand, common dolphins are exposed to fisheriesatoh (Stockin et al,
2009b; Thompsoret al, 2013), pollution (Stockin et al, 2007) and anthropogenic
activities including tourism activitis@Neumann and Orams, 2006; Stockiral, 2008a;
Meissneret al, 2015) However, mder the New Zealand Threat Classification System
(Townsendet al, 2008) this speciegemainscurrently classified asinot threatenea
(Bakeret al, 2010) This is despite #ack of dataon dolphinabundanceand rigorous

assessmeraf mortality of this species within New Zealand waters.
1.6.2 New Zealand fur seals

New Zealand fur sealbelong to the pinniped subfamily @tariidae Before the
colonisation of New Zealand by Polynesians, fur seals occurred in the North and South
Island as well ason offshore and su#\ntarctic islands(Lalas and Bradshaw, 2001;
Baird, 2011) However, thespecies was decimated framrth to south by hunting after

MUbri arrived in New ZealandLalas and Bradshaw, 20Q1yith the breeding range
eventuallyconfined to the southwestern part of the South Is{&aths and Bradshaw,
2001; Baird, 2011)Thesubsegentcolonisation of New Zealand by Europeans marked

the beginning of an intense and unregulated sealing industry in the South Island and

offshore islands, bringing the spec@sse to extinctiorfLalas and Bradshaw, 2001)
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1.6.2.1 Distribution

The speas is present in southern and western Australia, and on offshore islands on the
east coast of Australi@.g.Goldsworthy and Shaughnessy, 1994; Arncetiél, 2000;
Harcourt, 2001; Shaughnessy and McKeown, 2002; Shaugheieaky2010; Campbell

et al, 2014, Figure B). Limited gene flow seems to occur between both Australian and

New Zealand population(®.g.Lentoet al, 1994 1997; Berryet al, 2012)

Since their total protection in 1978 undée MMPA (1978) New Zealandur seas
have increasedin numbersand their range has expanded northward along the New
Zealandcoasts and on the offshomed subAntarcticislands(e.g.Crawley and Wilson,
1976; Carey, 1998; Lalas and Bradshaw, 20@igpersing as faNorth as the Three
Kings Islandgqe.g.Crawley and Wilson, 1976; Cawthorn, 1981; Baird, 20y seals
have been mlonising marine coastal habitats mainly in the South Isl@ngl.Lalas and
Harcourt, 1995; Tayloet al, 1995; Bradshawet al, 2000b; Borenet al, 2006b)
However, as the popation is recovering, breeding colonies have been reestablished in
the south of the North Islar(@.g.Dix, 1993) On the west coastréeding colonies have
been reported off Taranaldililler and Williams, 2003) Recently, pups have also been
sightedfurther north,in the Waikato regior{fBoumaet al, 2008) On the east coast,
seals have been visiting the BOP since the late 1970s, with evidence of mat@oni
since the 19906Cowling et al, 2013) A breeding colony has sinceestablisheih the

easterrpart of the regiorsincethe mid2000s(Cowling et al, 2014).
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Figurel.6: Global distribution oNew Zealand fur sealg\rctocephalus forsteyi

1.6.2.2 Seasonality

Seasonal variation in fur seal distribution is observed and determined by animal gende
and maturity(Baird, 2011) In New Zealand, adult males arrive at breeding colonies
from late Octoberto establish their territorie€Crawley and Wilson, 1976Females
arrive in Novemberand pupping occurbetween mid and late Decembgmalas and
Harcout, 1995; Boren, 2005Males typically leave colonidsy FebruaryCrawley and
Wilson, 1976)and disperse to neoreeding haul out sitgBradshawet al, 1999a) with

higher densities recorded in Julgust (Crawley and Wilson, 1976)Conversely to
males, females remain at the breeding colonies dar 10 months until August
Septembe(Crawley and Wilson, 1976vhen pups are weaned, alternating pupping and

short foraging trips at sea.
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1.6.2.3 Habitat use

New Zealand fur seals alternate foraging tripssed and breeding periods ashore,
typically during austral summéMiller, 1975; Crawley and Wilson, 1976; Goldsworthy

and Shaughnessy, 1994)errestrial habitats include a variety of rocky coastlines with

the preferred areas determined by direct acaesiset seqCrawley and Wilson, 1976)
Breeding colonies require sheltered areas from heat, heavy sea and predators, as well as
an easy access to the water or some cooling p(iawley and Wilson, 1976;
Bradshawet al, 1999b) Both types of colonies aréurther determined by the
availability and distribution of presesource¢Boyd, 1991; Bradshawt al, 2000a)and

human disturbanc@aylor et al, 1995)

Marine habitat choice varies seasonally. Close to the breeding season, fur seals typically
forage oer the continental shelf and slope, in depths shallower than 200m andaip to
30km offshore(Sinclair and Wilson, 1994; Harcowst al, 2002) Outside the breeding
season, foraging trips increase in duration as animals travel beyond the contineatal slop
(Sinclair and Wilson, 1994; Harcourt, 2001; Harceetrtal, 2002; Bayliset al, 2008

2012) The seasonal shift in habitat corresponds to subsequent shift in diet, inferred from
the difference in diving profile between the wafire. summer and autummnd the cold
seasor(i.e. winter and spring)Indeed, during summer, fur sealse found to perform

short, shallow and nocturnal divgMattlin et al, 1998; Harcourtet al, 2002)
suggesting prey species may include pelagic and vertical migrating speoieversely,

seals dive deeper (>150m) and longemwinter (Mattlin et al, 1998; Harcouret al,

2002) suggesting that thefged on benthic, demersal and pelagic spegtiescourtet

al.,, 2002) However it is worth highlightingthat most of foragingesearch on New
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Zealand fur seals has focused on lactating fen{&ieslair and Wilson, 1994; Mattliat
al., 1998; Harcourtet al, 2002) Foraging distributionj.e. distribution at seamay
therefore be potentially different for males or juveni(Bsird, 2011) owing to their
different physiological constraints and energetic requiren(@atgeet al, 2005) This is
indeed supported by analysis of scats and regurgitates indicatiigrause ofdeeper

waters than the foraging study of lactating feals(Feaet al, 1999)

1.6.2.4 Conservation status

On a global scalelNew Zealand fur sealare listed adieast concer by the IUCN
(Goldsworthy and Gales, 2008nd at a national scale, thaye consideredas finot
threatened (Baker et al, 2010)undea the New Zealand Threat Classification System
(Townsendet al, 2008) With the subsequemecolonsation of the fur seal populatign

the effect of the specieon the marine envinment and on human activiti€ge.
interactions and/or conflicts with fishes, Lalas and Bradshaw, 20013s gradually
lead to @& increasingnterest from scientists, conservationists, the tourism and fishing
industries since the late 199(Boren et al, 2002 2006a Page et al, 2004;

Goldsworthy and Page, 2007)

Besides nairal mortality, New Zealand fur seals are vulnerable to huimdunced
sourcesof mortality including entanglement in fishing ge@aird, 2005; Boreret al,

2006a; Abrahanet al, 2010) Most importantlythere isa greatconcern ovemcidental
by-catch of New Zealandfur seals bytrawl operations for hoki Macruronus
novaezelandige squid (Nototodarusspp) and southern blue whitingMicromesistius

australig aroundthe coastline of the South Island and the offshore isléhdisshamet
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al., 2010) Most of thefisheriesthat reported incidentaaptures occur in wateesound
the continental shelf whi¢charound much of theSouth Island and offshore islands
slopes to deep waters relatively close to shore, taod in proximity of breeding
coloniesand hau out sites (Baird, 2011) For instance, e area targeted by trawl
operation for hoki on thevest coasbf the South Island am. 100km from the breeding
colonies (Sinclair and Wilson, 1994petween June an&eptember(Baird, 2005)
Therefore by-catch most likely affects pregnant or lactatifgmales which have
depenént pups ashore. The loss of mature fema@sconsequently to slow down the

recovery of fur seal population.

Incidental captures in commercial fisheries has been quantified for lasherids
(Baird, 2005) However, interactionsbetween fur seals and smdisheries within
inshore watersremain poorly documente@Baird, 2011) although these practices
contribue to abouthalf of theannual trawl effor{Smith and Baird, 2009Bimilarly to
common dolphins, abundance of New Zealand fur seals remakm®wn with only an
approximateestimation of 100,000 individua({#larcourt, 2001)The lackof knowledge
relating to thepopulation abundance amatent oftheincidentalmortality due to fshery
activitiesis of concern as it precludes the ability to assesgpatentialfuture decline in

the population.

1.7 Thesis rational

Conservation efforts and management actiongnarine mammals are largely focused
on coastal areg#looker and Gerber, 2@; Correiaet al, 2015; Mannoccet al, 2015)

highly motivated bythe perceived gravity of the thredesg.ship collisions, Laiset al,
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2001; pollution, Aguilaret al, 2002;fisheriesby-catch, Read, 2008; Hammoed al,
2013; Whitty, 2015and pioritised according to the species stafidsoker and Gerber,
2004; Pompeet al, 2011; Dwyeret al, 2014b) For instancetherapid decline in the
Mediterranearshortbeaked common dolphipopulation(Bearziet al, 2003)and the
speciegeclassification as endangered in thgCN Red List(Hammondet al, 2008b)
resulted in the development of protective measyhstarbartolo D Sciara, 2002)
Similarly, following concerns over the incidental -bgtch of harbour porpoises
(Phocoena phocoepain the North Sea (Tregenzaet al, 1997; Vinther, 1999)
conservation planand mitigation strategiehiave been implementggReijnderset al,
2009) Likewise, scientific research has often, if not always, evaluated effects of tourism
activities on marine mammal behaur after operations were well established and given
priority to species most frequently encountered by tour oper&ogs Constantine,
2001; Christianseast al, 2010; Scarpaat al, 2010; Lundquiset al, 2013; Filbyet al,

2014).

The BOP is seond only tothe Bay of Islands as theukiest destination for cetacean
watching in the North Island (O'Connetral, 2009)with a tourism industrgrowing for

the last 25 yeardespite this, rmarine mammal conservation has been giaantion
only recenly. That has translated into a moratorimm further commercial permitnd

two commissioned studies aimimag evaluating the effects of vessel interactions on the
behaviour ofNew Zealand fur sealand common dolphing(Cowling et al, 2014;
Meissneret al, 2014) However, n the absence of baseline information, identifying
factors responsible of changes in species abundafisibution or behaviour and

minimising effects upon populations can be challengBegarziet al, 2003)
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There was, thereforenairgent need to evaluate the composition of the marine mammal
community in the BOP and assess their spatial and temporal distribDéspite a
broader lack of dedicated scientific surveys, the use of existing opportunistic datasets
was considered impamt. However, identifying and evaluating biases associated with
those data was first required, before investigating historical occurrence and distribution

of the species.

In order to assess the extent of potential human interaatidihsommon dolphins ah

New Zealand fur sealin space and timea comprehensive understanding of the
relationship between the species and their habigatrequired(i.e. a sound knowledge

of species distribution, habitat use and behavioural budget activity, Hooker and Gerber,
2004; Canadast al, 2005; Cafadas and Vazquez, 20l3¢dicated surveys were
consequently conducted to describe the spatial and temporal distribution of common

dolphins and New Zealand fur seaighe region

To fulfil the contract for theDepartment b Conservation there was an urgency to
evaluate the level of vessel traffic and interactions with common dolphins and
investigate their behavioural response. Finally, the potential for cumulative tourism
exposure was examined while assessing dolphirfideagty and identifying individuals

exposed to repetitive interactions with tour vessels.

1.8 Thesis structure

This thesis comprises four research chapters (Chapters 2 to 5) complemented by a
general introduction (Chapter 1) and discussion (Chapter 6). $harod chapters have

been written in publication format, representing a manuscript that is either published
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(Chapter 4) or in preparation for publication (Chapters 2, 3 and 5). In addition, Chapter 4
formed part othe commissioned report fahe Departmenof ConservationEast Coast

Bay of Plenty ConservanciMeissneret al, 2014) Consequently, the format of this
thesis results in some unavoidable repetgi@specially in terms dhe methods applied

and description of the study sitdowever,effort was made to limit duplicatiowhere

possible. The outline of each chapter is as fatlow

Chapter 1 provides background information on methods used for marine mammal data
collection including a brief description of their uses and limitations. Given that
commercial whale/dolphin watching platforms provide substantial information available
to marine mammal knowledge, an overview of the marine mammal tourism industry at
an international, national and regional scale is further provided. This chapter further
stresses the importance of identifying environmental factors related to species
distribution in order to implement effective conservation initiatives. Finally, the chapter
introduces the study area as well as the two species most targeted by tourism aativities
the BOP, the common dolphin and the New Zealand fur. skgpects of their
distribution, seasonality, habitat use and conservation status are discussed with respect to
the currentliterature avdable. The chapter was writtdryy A.M. Meissner and impked

by edits and suggestions provideda. Stockin,E. MartinezandM.B. Orams

Chapter 2 evaluateghe use of historical opportunistic ddtgassessg theirreliability
to provide the first quality assured insights intbe historical occurrenceof marine
mammal species encountered within the wider BDd&a for this chapter were collected
betweenl974 and 2014y various observers. €. fishermen tour operators, researchers)

aboard platforms of opportunityand kindly provided by G. ButlerC. Fines,
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M. Fitzpatrick C. SchwedeitGoad and R. Tully. Analyses were performed by A.M.
Meissner. Assistance with spatial analysis and statistics was provided by C.D. Macleod,
M.D.M. Pawley, G. Pierce and J. Roberts. The chapter was written by A.M. Meissner
and inproved by editand suggestions provided ByA. Stockin,E. MartinezandM.B.

Orams.

Chapter 3 examines common dolphin and fur seal distribution, density gandp
dynamicsat a fine geographical scale in the western BOPregion, where the majority

of tourism operations occurhis provides the first comprehensive baseline information

to help with management and conservation plddata were collected yeaound
between November 2010 and May 2013 during surabgsrd an independent research
vesselandfour oppotunistic platforms of observation. Habitat use for the species was
examined in relation to temporal and spatial scales using a Geographic Information
System (GIS). Density rates were calculated and kernel estimate maps created. Data
collection aml analysis for this chapterere performed by A.M. Meissner. Statistical
advice was provided by M.D.M. Pawley. Suggestions on some aspects of density
analysis were kindly provided by @lement and S.L. Dwyer. The chapter was written

by A.M. Meissner andmproved by edits and suggestions providedKbd. Stockin, E.

Martinez and M.BOrams

Chapter 4 investigates the effects of tourism activities on common dolphin behaviour.
For the first time, dvel of vessel traffic and interactions, includiogmmercialand
recreational viewing and swimming activitiesengassessed. afiations in the dolphin
response$o vessel interactiowere examinedby innovativelyapplying two approaches

of Markov chain analysisCompliance oftourism operationswith regards to perin
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conditions and to the MMPR1992) was also evaluateth the framework of the
commissioned contract for the Department of Conservabata for this chapter were
primarily collected by A.M. Meissneduring fieldwork conducted in the western BOP
subregion between November 2010 and May 2013. Data analyses, advised by
F.Christiansen, E. Martinez and M.D.M Pawley, were performed by A.M. Meissner.
The chapter was written by A.M. Meissner and improved by edits and suggestions
provided byK.A. Stockin, F. Christiansen, E. Martinez, M.D.M Pawlegnd M.B.
Orams.This chapter is a reformatted versiginan unpublished report tbe Department

of Conservationco-authored wh E. Martinez, M.BOrams and K.AStockin, and a
peerreviewed article published ifPLoS One co-authored by FChristiansen, E.

Martinez, M.D.M Pawley, M.B. Orams and K.A. Stockin.

Chapter 5 investigates the cumulative effects of tourism activities on common dolphins
This is the first attempt tase photaidentificationto estimatetie minimum number of
individuals closely interacting witlour vesselsand to quantify interactions between
dolphins and vessels to assess for repetitive interactions. Site fidelity of common
dolphins within the region was further investigated. Photographs ywenearily
collected by A.M. Meissner during fieldwork conducted in the BOP ketvwwovember

2010 and May 2013bmard an independemésearch vessel and sevetalir vessels
Assistance with the catalogand photelD process was kindly provided by T. Plengner

J. Ransijn, R. Vaton and Klupman.Data analyses were performed by A.M. Meissner
assisted by T. Plencner. The chapter was written by A.M. Meissner and improved by

edits and suggestions provided by E. Martinez, M.B. Orams and K.A. Stockin.
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Chapter 6 condudes bydiscussingthe resultsof the research chapterin relation to
each otherplaces these findingsithin the perspective of marine mammal tourism in

the BOP regiorand providesmplicationsin terms of management initiatives.
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Chapter 2

The use and contribution of opportunistic data to infer historical
occurrence of marine mammals off the Bay of Plenty, New

Zealand: A critical approach

Humpback, minke, killer whales and bottlenose dolphins encountered in the Bay of
Plenty, New Zealand (from pdeft to bottom right)



