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Abstract  

 

Worldwide expansion of marine mammal tourism over recent decades has raised 

international concerns in terms of the effects of these tourism practices on the species 

they target. Moreover, the growth and success of the industry have often outpaced 

conservation planning, including in New Zealand. To illustrate, tour vessels have been 

operating for ca. 25 years in the Bay of Plenty (BOP), situated on the east coast of North 

Island, New Zealand. By 2010, a total of eight permits had been granted across the 

region. However, development of this local industry occurred without any baseline data 

on species occurrence, distribution, habitat use or behaviour. 

This study sought to assess the historical occurrence of the marine mammal species off 

the BOP and determine their spatial and temporal distribution. Current distribution, 

density and group dynamics were examined for common dolphins (Delphinus sp.) and 

New Zealand fur seals (Arctocephalus forsteri), the two most frequently encountered 

species in the BOP and therefore, the primarily targeted species by tour operators. The 

extent of anthropogenic interactions with common dolphins was investigated and their 

effects on dolphin behaviour examined. The number of common dolphin individuals 

closely interacting with tour vessels was estimated and dolphin-vessel interactions were 

quantified to assess repetitive encounters. 

In the absence of previously undertaken systematic dedicated surveys, the present study 

investigated the historical spatial and temporal occurrence of dolphins, whales and 

pinnipeds in the BOP region. The examination of opportunistic data, collected between 

December 2000 and November 2010 via various platforms of opportunity including but 

not limited to tour vessels, identified fourteen species of dolphins, whales and pinnipeds 

occurring in the region. Confidence criteria in successful species identification were 

assigned based on observer expertise, diagnostic features of reported species and 

percentage of records reported by observer type. Common dolphins were the most 

frequently encountered species, followed by killer whales (Orcinus orca), bottlenose 

dolphins (Tursiops truncatus) and New Zealand fur seals, other species being 

infrequently encountered. A detailed examination of common dolphin habitat use 
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revealed discrepancies with previous findings (e.g. higher use of shallower waters), 

possibly explained by inherent biases to the opportunistic dataset.  

Dedicated surveys, conducted between November 2010 and May 2013, investigated the 

current distribution, density and habitat use of common dolphins and New Zealand fur 

seals. Both species exhibited a strong seasonality with contrasting occurrence in summer 

and autumn for common dolphins and in winter and spring for fur seals. Dolphin 

seasonality is suggested to be linked to movements into deeper offshore waters and/or 

potentially to neighbouring regions (i.e. the Hauraki Gulf) and most likely related to 

foraging opportunities. Fur seal seasonality suggests that the western BOP supports a 

non-breeding colony and that foraging reasons may explain the species occurrence in the 

region. Higher density of common dolphins and fur seals identified over the shelf break 

and reefs can be explained by enhanced productivity.  

First application of Markov chain analyses to common dolphin within oceanic waters, 

allowed examination of the effects of tourism activities on common dolphins in the 

BOP. Dolphin foraging behaviour was significantly affected, as dolphins spent less time 

foraging during interactions with tour vessels and took longer to return to foraging once 

disrupted by vessel presence. Disruption to feeding may be particularly detrimental to 

common dolphins in the BOP open oceanic habitat, where prey resources are typically 

widely dispersed and unpredictable. While the overall level of tour operator compliance 

with regulations in the bay was relatively high, non-compliance was recorded with 

regards to swimming with calves and extended time interacting with dolphins. 

Evidence of repetitive interactions between tour vessels and common dolphins were 

examined using photo-identification to assess potential cumulative impacts. An 

estimated minimum of 1,278 common dolphin individuals were identified in the region, 

for which the majority (86.9%) showed low levels of site fidelity (i.e. only one 

encounter). At least 61.7% of identified dolphins were exposed to tour vessel 

interactions. However, spatial (i.e. between the western and eastern sub-regions) and 

temporal (i.e. daily, seasonal and annual) cumulative exposure to tourism activities was 

observed for less than 10% of these individuals. This is likely explained by tour 

operators ñhanding overò groups or returning to areas preferentially frequented by 
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dolphins (i.e. presumed foraging hotspots). Due to the opportunistic methods used for 

photo-identification, these results are indicative only of the absolute minimum of 

repeated interactions common dolphins may face in the region. 

The present thesis represents the first comprehensive assessment of marine mammal 

tourism in the BOP. It offers important contributions to research and conservation in this 

area via the critical assessment of historical occurrence of marine mammals in the 

region. This thesis also provides comprehensive and detailed insights into common 

dolphin and New Zealand fur seal temporal and spatial distribution in the area. This can 

serve management agencies to implement efficient conservation plans. While identifying 

that tourism operations significantly affect common dolphin behaviour and repetitive 

interactions result in cumulative exposure, this thesis supports adaptive management and 

further long-term monitoring of marine mammal species in general, and in the BOP 

region more 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 Conservation, former East Coast Bay of 

Plenty conservancy. The department initiated this research in direct response to concerns 

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 activities within the region requested 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 concerning the scope 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 region. In addition, 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 of Conservation 

contract (Appendix 1), some of the data presented here were collected aboard tour 

vessels operating in the Bay of Plenty. Access to the tour vessels for the specific purpose 

of the predetermined research remit was agreed between all stakeholders including 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 the express intent 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 operators. Furthermore, 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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1.1 Introduction  

Whether for the purpose of scientific understanding, commercial exploitation or 

conservation management, interest in marine mammals has grown significantly over 

recent decades (e.g. Forestell, 2008; Jefferson et al., 2008). However, access to marine 

mammals is often challenging given species live permanently (e.g. cetaceans) or 

partially (e.g. pinnipeds) in aquatic environments (Forcada, 2009). Consequently, 

depending on species life cycle and distribution, the amount of interaction between 

humans and marine mammals is highly variable. Indeed, observation of coastal resident 

species, such as bottlenose dolphins (Tursiops spp.) or killer whales (Orcinus orca), is 

facilitated by the proximity of their habitat to the coastline and human habitation and use 

of that coastline. Interactions between human and marine mammals have enhanced our 

knowledge of those species, but have also resulted in exacerbated risks from, for 

example, pollution (Borrell et al., 2006; Fair et al., 2010; Stockin et al., 2010), vessel 

collision (Fertl, 1994; Wells and Scott, 1997; Visser, 1999b; Stone and Yoshinaga, 

2000; Wells et al., 2008; Dwyer et al., 2014a), interactions with commercial fisheries 

(i.e. by-catch and/or competition, VanWaerebeek et al., 1997; Friedlaender et al., 2001; 

Kiszka et al., 2008; Bearzi et al., 2010) and/or tourism (Lusseau, 2003a; Bejder et al., 

2006b; Christiansen et al., 2010).  

Conversely, encounters with pelagic offshore species (i.e. false killer whales, Pseudorca 

crassidens, striped dolphins, Stenella coeruleoalba) are more limited compared with 

coastal dwelling populations, given that offshore areas are typically less frequented by 

humans and owing to spatio-temporal constraints driven by data collection in the field 

(Robbins and Mattila, 2000; Kiszka et al., 2004; McClellan et al., 2014). While these 
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pelagic offshore species are potentially less vulnerable to human disturbance, our 

knowledge is typically more restricted owing to temporal, geographic and budgetary 

restrictions centred around research (Mannocci et al., 2015). In such cases, data 

provided via opportunistic means, whether that is historical whaling (Gregr et al., 2000; 

Flinn et al., 2002; Torres et al., 2013), strandings or opportunistic sightings 

(Camphuysen, 2004; Siebert et al., 2006; Pikesley et 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 (e.g. distribution, habitat use, abundance or behaviour) 

has extensively relied on a range of methods and approaches to data collection (Evans 

and Hammond, 2004). Depending on the species, resource availability and purpose, data 

can be collected using land-based observations (Harzen, 1998; Carretta et al., 2000; 

Lundquist et al., 2013), aerial (Dohl et al., 1986; Forney et al., 1995; Carretta et al., 

2000; Hammond et al., 2002; Hodgson et al., 2013; Becker et al., 2014) or boat-based 

platforms (Cañadas and Hammond, 2008; Hammond et al., 2013; Douglas et al., 2014), 

from which surveys can be carried out. In addition, other methods include underwater 

observations (Bräger et al., 1999; Miles and Herzing, 2003; Cusick and Herzing, 2014) 

or acoustic recordings (Filatova et al., 2006; McDonald, 2006; Simon et al., 2010). 

Regardless of the platform used, data are either collected via rigorous scientific protocol, 

i.e. through dedicated research surveys and standardised methods, or alternatively via 
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opportunistic means, i.e. various sources and platforms, which may range from public 

sightings to data collected by researchers in a non-systematic manner. 

Research platform type and study design greatly influence the level of information that 

can be inferred from a dataset (Robbins and Mattila, 2000; Evans and Hammond, 2004). 

While less concern typically arises from data collected within the framework of 

dedicated surveys using systematic standardised methods, some studies must rely on 

opportunistic datasets, including those collected from platforms of opportunity (Scott 

and Chivers, 1990; Fiedler and Reilly, 1994; Williams et al., 2006a; Macleod et al., 

2009; Cotté et al., 2010). Typically, such platforms may result in inaccuracies or bias 

that must been accounted for in the methodology and/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 question, inaccuracies or biases are likely and must be 

addressed (Hauser et al., 2006). For instance, data may be restricted in time and space 

(Redfern et al., 2006; Wall et al., 2006; Kiszka et al., 2007b; Cotté et al., 2009; Palacios 

et al., 2012) or concerns expressed regarding the reliability or validity of data recorded 

(e.g. species identification, group size and composition, Evans and Hammond, 2004; 

Hauser et al., 2006; Barlow and Forney, 2007; Martinez and Stockin, 2011; Moura et 

al., 2012; Hupman et al., 2014). 

Opportunistic data are collected from a wide range of platforms. For example, ferries 

and cruise ships have extensively been used as they offer the advantage of covering 

large areas and crossing offshore waters (e.g. Scott and Chivers, 1990; Fiedler and 

Reilly, 1994; Cotté et al., 2010), often inaccessible to traditional research platforms. 

Fishing vessels have also been used to estimate by-catch (e.g. Vinther, 1999; Rogan and 
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Mackey, 2007; Fernandez-Contreras et al., 2010), as have tour boats to assess ecological 

questions concerning species targeted for tourism (e.g. Azzellino et al., 2008a; Wiseman 

et al., 2011).  

The primary purpose of whale/dolphin watching tourism is to get a close encounter with 

marine mammals (Orams, 2000). For this reason, a large proportion of opportunistic data 

originates from commercial tour vessels. Search effort (in time or distance) is therefore 

dedicated to finding cetaceans, with greater probability to encounter marine mammals 

than from aboard other platforms of opportunity. Moreover, skippers and crew usually 

record some degree of information regarding the encounter (i.e. GPS location, time, 

species, group size and composition), assuming these are not already required to be 

reported to management authorities (Martinez and Stockin, 2011). Finally, although 

taken opportunistically, photographs and/or video are 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 identification (Dwyer et al., 2014a; 

Zaeschmar et al., 2014). Consequently, given the large expansion of this industry world-

wide, tour vessels often provide inexpensive logistical support to study various aspects 

of cetacean ecology (Robbins and Mattila, 2000; Azzellino et al., 2008b; Wiseman et 

al., 2011). 

1.3 Marine mammal -watching  in the touri sm industry  

1.3.1 Marine mammal tourism world -wide  

Nature-based marine activities, and more specifically marine wildlife experiences, have 

become the subject of tourism attention over the past few decades (Higham and Lück, 
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2008b). Viewing whales in the wild started in the 1950s with observing gray whales, 

Eschrichtius robustus, in San Diego, California, USA (Hoyt, 2009). Following the rising 

demand and success of these interactions, traditional whale-watching activities have 

evolved and, today, satisfy a large variety of expectations. For example, marine mammal 

based tourism encompasses any form of commercial activities of viewing, swimming 

with, listening to and/or feeding marine mammals (Parsons et al., 2006; Carlson, 2012). 

The traditional and popular whale-watching activities involve trips out at sea but 

opportunities also include observations from land and the air (Hoyt and Iñíguez, 2008).  

The marine mammal tourism industry experienced a remarkable expansion in only a few 

years, as it spread to other parts of the world in the late 1980s (Hoyt, 2009). For 

instance, whale-watching tours operated in 31 countries and territories in 1991 (Hoyt, 

2001), became available in 87 countries and territories by 1998 (Hoyt, 2001) and had 

further expanded to 119 countries by 2008 (Figure 1.1, O'Connor et al., 2009). 

Simultaneously, the number of tourists expanded at a rapid rate, with an estimated 

four million tourists in the early 1990s (Hoyt, 2001), more than nine million in 1998 

(Hoyt, 2001) and over 13 million in 2008 (O'Connor et al., 2009), with some countries 

surpassing one million marine mammal tourists per annum (e.g. USA, Canada, Canary 

Islands and Australia, Hoyt, 2001; O'Connor et al., 2009). As a consequence, marine 

mammal based tourism activities represent a significant economic component of the 

ecotourism industry sector (Hoyt, 2001; O'Connor et al., 2009). For example, the 

industry was estimated to have generated over US$1 billion in total in 1998 (Hoyt, 2001) 

and over double that amount 10 years later (O'Connor et 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 expand (Cisneros-Montemayor et al., 2010). 

In the history of marine mammal exploitation, marine mammal tourism has often been 

positively considered compared to lethal whaling activities (Parsons and Draheim, 2009; 

Draheim et al., 2010; Chen, 2011). Moreover, watching free ranging dolphins is 

becoming a popular alternative to viewing dolphins in captivity (Hughes, 2001; 

Luksenburg and Parsons, 2014). As such, the tourism industry is perceived to have some 

conservation benefits including wildlife management, tourist education and research 

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

 

Figure 1.1: Map of countries participating in marine mammal tourism activities in 2008, 

displayed in black (Source: OôConnor et al., 2009). 
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Although species targeted by tourism activities are typically the most prevalent and/or 

reliably found in a region, the vast majority of all marine mammal species are targeted 

by tourism activities (Hoyt, 2001). This includes baleen whales, dolphins, porpoises, 

pinnipeds and other marine mammal species such as polar bears (Ursus maritimus) 

(Lemelin, 2006; Parsons et al., 2006; Hoyt, 2009). Additionally, some of these targeted 

species are endangered (e.g. blue, Balaenoptera musculus, and northern right whales, 

Eubalaena glacialis, Hectorôs dolphins, Cephalorhynchus hectori hectori, and the 

Mediterranean monk seal, Monachus monachus). 

1.3.2 Marine mammal tourism in New Zealand  

The whale and dolphin watching industry in the Oceania, Pacific Islands and Antarctica 

regions has matched the global trend and is led today by significant industries in 

Australia and New Zealand (O'Connor et al., 2009). In New Zealand, marine mammal 

tourism was first established in 1987 in Kaikoura (Constantine, 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%, with an estimated 230,000 to ca. 

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 

reputation as a marine mammal tourism destination owing to the outstanding diversity of 

marine mammal species occurring in its waters (Suisted and Neale, 2004).  

With almost half the world's cetacean species and nine species of pinnipeds either 

resident in or migrating through New Zealand waters (Suisted and Neale, 2004), marine 



Chapter 1: General Introduction 

9 
 

mammal based tourism in New Zealand is extremely diversified. Activities range from 

viewing oceanic species such as common dolphins (Delphinus sp.) or sperm whales 

 

Figure 1.2: Marine mammal species targeted by commercial tourism activities and their 

locations in New Zealand.  
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(Physeter macrocephalus) (Richter et al., 2006; Stockin et al., 2008a; Meissner et al., 

2015) to swimming with endemic Hectorôs dolphins (Martinez et al., 2011) or New 

Zealand fur seals (Arctocephalus forsteri, Cowling et al., 2014). The main focal species 

include dusky dolphins (Lagenorhynchus obscurus, Lundquist et al., 2012) and sperm 

whales (Richter et al., 2006) in Kaikoura, bottlenose dolphins (T. truncatus) in the Bay 

of Islands and Fiordland (Constantine, 2001; Lusseau, 2003a), common dolphins off the 

northeast coast of the North Island (Neumann and Orams, 2006; Stockin et al., 2008a; 

Meissner et al., 2015) and Hectorôs dolphins off Banks Peninsula and Porpoise Bay 

(Bejder et al., 1999; Martinez et al., 2011; Figure 1.2). Additionally, New Zealand fur 

seals have also been the focus of regular commercial tourism interactions since the 

recent recolonisation of some breeding sites in the South Island (Boren et al., 2001). 

A range of concerns have been voiced over effects of this industry upon targeted 

populations within New Zealand including Hectorôs, common, dusky and bottlenose 

dolphins (e.g. Constantine, 2001; Lusseau, 2003a; Neumann and Orams, 2006; Stockin 

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

2006) as well as for New Zealand fur seals (Boren et al., 2002). In an attempt to mitigate 

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

has been considered an international leader (Orams, 2004). 

In New Zealand, all marine mammal species have been protected since 1978 under the 

Marine Mammals Protection Act (MMPA, 1978). In 1990, the Marine Mammals 

Protection Regulations (MMPR) were introduced to provide a regulatory framework for 

whale-watching activities and to regulate human behaviour around marine mammals in 

general. These regulations were consolidated in 1992 (Marine Mammals Protection 
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Regulations, 1992), following the expansion of commercial dolphin-based activities and 

a commensurate increase in the interactions with recreational vessels. The Department 

of Conservation is responsible for administrating the MMPA and MMPR and do so 

through a permit system and via monitoring of permitted marine mammal tour vessels. 

Since the first permit was issued in the late 1980s (Orams, 2004), permits to watch 

and/or swim with marine mammals in New Zealand have increased. In 1999, out of 14 

Department of Conservation conservancies covering the North and South Island, marine 

mammal tourism had become well established in 10 of them, with 74 permits granted 

nationwide (Constantine, 1999). This number increased to 90 in 2005 (International 

Fund for Animal Welfare, 2005) and to 112 in 2011 (Department of Conservation, pers. 

comm.), with new permit applications currently awaiting approval.  

1.3.3 Marine mammal tourism in the Bay of Plenty region  

Situated on the east coast of the North Island, the Bay of Plenty (BOP) is second only to 

the Bay of Islands as the busiest destination for cetacean-watching in the North Island 

(O'Connor et al., 2009). This industry is supported by a diversity and abundance of 

marine mammal species occurring in the area (Gaborit-Haverkort and Stockin, 2011), 

likely influenced by the bathymetry and oceanographic conditions of the region. Indeed, 

the western part of the region, characterised by a wide continental shelf margin and 

typically used by coastal resident species (Gaborit-Haverkort and Stockin, 2011). This 

contrasts with the eastern sub-region, featuring oceanic waters close to the coastline and 

visited by pelagic migrant or visiting species (Gaborit-Haverkort and Stockin, 2011). 
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Such biodiversity has particularly encouraged the development of a flourishing tourism 

industry in the region over the past few decades.  

While the exact starting date remains unknown, commercial dolphin-based operations in 

the region commenced in the early 1990s (Butler, pers. comm.), before the first 

commercial permit was granted in 1994 (Cowling et al., 2013). In 2001, two vessels 

were permitted to operate from Tauranga (37.6878°S and 176.1651°E) and a further two 

from Whakatane (37.5700°S 177.0050°E) (Figure 1.3, Neumann, 2001b). By 2010, 

there were a total of eight permits across the region, allowing 10 vessels to operate, of 

which seven were based from Tauranga and the remaining three from Whakatane. 

Entrepreneurship and the potential for economic benefits can explain the expansion of 

marine mammal tourism in the BOP. However, the lack of addressing the effects of 

tourism on species occurring in the region can potentially result in negative impacts and 

may create an unsustainable situation (Parsons, 2012). Failing to anticipate the success 

and expansion of marine mammal tourism in the region and facing an absence of 

baseline data, the Department of Conservation established a moratorium in 2010, 

preventing any further permit to be approved for the BOP until the completion of two 

commissioned studies on the potential effects of tourism activities on New Zealand fur 

seals and common dolphins (Cowling et al., 2014; Meissner et al., 2014; Chapter 4). 

Assessing marine mammal behaviour in relation to tourism operations and examining 

the compliance of tour operators with regulations can minimise potential effects and 

ensure tourism activities are ecologically sustainable in the region. However, in order to 

identify and mitigate effects of human activities on specific species in a given location, 
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further knowledge about their spatial and temporal distribution is necessary (Cañadas et 

al., 2005; Macleod et al., 2009), yet often still overlooked. 

 

Figure 1.3: Location of the Bay of Plenty and places referred to in this chapter in relation 

to the North and South Island of New Zealand. The approximate position of 

hydrographic features is indicated. Bathymetry is depicted with darker shades of blue 

representing deeper waters and isobaths in 50m increment, bathymetry data courtesy of 

NIWA (CANZ, 2008). 
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1.4 Importance of marine mammal distribution studies  

Wildlife tourism has previously contributed to the conservation of targeted animals 

(Orams, 1994; Higginbottom et al., 2001; Zeppel and Muloin, 2007). For this, the 

industry has to provide some baseline knowledge of species distribution or behaviour to 

assist with their conservation. For example, understanding how given species use their 

habitat provides a strong basis to implement conservation plans and mitigate potential 

anthropogenic impacts upon targeted populations (Hooker et al., 1999; Cañadas et al., 

2002; Guisan et al., 2006). Moreover, identifying the relationship between species 

distribution and physiographic variables of their environment is also of great importance 

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

(Lambert et al., 2010). 

Marine mammal distribution and density largely reflect oceanographic and 

physiographic features of the environment (Huntley et al., 2000; Worm et al., 2005) 

given that those processes influence the distribution and availability of their prey (Irvine 

et al., 1981; Selzer and Payne, 1988; Ballance, 1992; Croll et al., 1998; Davis et al., 

1998; Cañadas et al., 2002; Davis et al., 2002; Forcada, 2009). Therefore, when prey 

data are unavailable, marine mammal distribution can alternatively be investigated via 

the examination of physical and/or biological components of the marine environment, 

such as water depth, distance to shore, slope gradient, sea surface temperature (SST) 

and/or chlorophyll-a concentration (Chl-a) (e.g. Notarbartolo Di Sciara et al., 1993; 

Davis et al., 1998; Cañadas et al., 2002; Lopez et al., 2004; Laran and Drouot-Dulau, 

2007; Azzellino et al., 2008a; Macleod et al., 2008). The influence of ecological factors 

on species can be investigated by modelling techniques (Guisan and Thuiller, 2005; 
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Guisan et al., 2006; Redfern et al., 2006), allowing not only the identification of habitat 

use but also providing the ability to understand and predict changes in species 

distribution over time.  

The ecology of marine mammals in the BOP has so far only concentrated on research 

focusing on common dolphins, and with the vast majority conducted along the east coast 

of the Coromandel Peninsula, ca. 100km northwest the central BOP (Neumann, 2001a, 

c; Neumann et al., 2002; Neumann and Orams, 2003, 2006; Meissner et al., 2015). To a 

lesser extent, New Zealand fur seals have been studied within BOP waters (Cowling et 

al., 2014), although primarily only in relation to behaviour, following concerns over 

potential tourism effects. Consequently, a broader understanding of marine mammal 

biodiversity and ecology within the larger BOP region remains lacking, yet is crucial in 

order to implement appropriate conservation and management initiatives (Hooker and 

Gerber, 2004; Cañadas et al., 2005; Cañadas and Vazquez, 2014). This is of particular 

importance off Tauranga, where most recent growth of the tourism industry has 

occurred. 

1.5 The study area  

The BOP (37.0600°S; 175.5800°E and 37.6000°S; 178.5700°E), situated on the north 

east coast of the North Island, New Zealand (Figure 1.3), is an oceanic habitat with 

water depths generally reaching 200m within 35km of the coastline (Park, 1991). 

Spanning ca. 200km of shoreline (Park, 1991), the bay opens to the Pacific Ocean in the 

North and can be divided into three major sub-regions: the western (west of 

176.3500°E), the eastern (176.3500 to 177.4000°E) and the East Cape sub-region (east 
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of 177.4000°E, Figure 1.3). From a bathymetric perspective, the western and eastern 

sub-regions are characterised by a relatively wide continental shelf, which extends up to 

35km (Figures 1.3 and 1.4, Park, 1991). The continental shelf is relatively smooth in 

terms of bathymetry (slope <1°), with only a few reefs or shoals associated with steep 

bathymetry (slope >1°, Figure 1.4, Park, 1991). However, in the vicinity of Cape 

Runaway and East Cape, the shelf narrows to 8km, with steeper slopes and deeper 

waters found closer to the shore (Park, 1991, Figure 1.4). 

The BOP is also characterised by complex hydrographic features, dominated by the East 

Auckland Current, which follows the coastline south-eastward and transports relatively 

warm and saline subtropical water (Sharples, 1997; Stanton et al., 1997; Tilburg et al., 

2001). The strength and position of the East Auckland Current varies substantially in 

time depending on offshore winds (Sharples, 1997; Stanton et al., 1997; Tilburg et al., 

2001). While some of this flow seasonally approaches the BOP slope, and potentially the 

shelf, another part of the flow feeds the East Cape Eddy, north of East Cape (Stanton et 

al., 1997, Figure 1.3). The flow further generates the East Cape Current (Stanton et al., 

1997; Tilburg et al., 2001, Figure 1.3). 
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Figure 1.4: Bathymetry slope map of the Bay of Plenty, New Zealand. Smooth slopes 

(<1°) are indicated in yellow, steeper slopes (1-2°) in green and the steepest ones (>2°) 

in red. 

 

1.6 The study species 

Marine mammal tourism in the BOP is supported by a wide range of marine mammal 

species occurring in the region, some of which qualify as resident (common dolphins 

and New Zealand fur seals), seasonal (bottlenose dolphins and killer whales) and 

potentially offshore resident (pilot, Globicephala spp., and beaked whales, Ziphiidae, 

Gaborit-Haverkort and Stockin, 2011). Other species, opportunistically encountered in 

the region, have been categorised as seasonal migrants (e.g. humpback, Megaptera 

novaeangliae, sperm, minke, Balaenoptera acutorostrata, southern right whales, 

Eubalaena australis) or visitors (Bryde's, B. edeni, blue, fin, B. physalus, sei, B. 

borealis, and false killer whales, Pseudorca crassidens) (Gaborit-Haverkort and Stockin, 

2011). While all species can potentially be encountered by commercial operators, 
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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 

encountered species, i.e. common dolphins (Meissner et al., 2015; Chapter 4) and New 

Zealand fur seals (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 (Delphinus spp.) belong to the delphinid subfamily of Delphinidae 

(Leduc et al., 1999). The global taxonomic status of common dolphins remains 

uncertain. Based on morphological (Heyning and Perrin, 1994; Murphy et al., 2006) and 

genetic differences (Rosel et al., 1994; Natoli et al., 2006; Amaral et al., 2007), two 

species of common dolphins are currently recognised: the short-beaked (D. delphis) and 

the long-beaked common dolphin (D. capensis), which appear genetically isolated 

(Heyning and Perrin, 1994; Rosel et al., 1994). Both species are thought to have recently 

diverged (Kingston and Rosel, 2004) and sympatric occurrence exists across the species 

home range (Heyning and Perrin, 1994; Rosel et al., 1994). 

Due to their wide distribution, several geographical variants of Delphinus have been 

described as subspecies (Hershkovitz, 1966; Heyning and Perrin, 1994). However, only 

the very-long-beaked subspecies (D. c. tropicalis) endemic of the Indian Ocean, has 

been confirmed (Jefferson and Van Waerebeek, 2002), although ongoing taxonomic 

debate concerning the genus Delphinus continues (Amaral et al., 2007, 2012a, 2012b). 

In the South Pacific, while studies confirmed evidence for the short-beaked form in 
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southern Australian waters (Bell et al., 2002; Bilgmann, 2007), the taxonomic status of 

the species in New Zealand waters has not been entirely clarified (Stockin et al., 2014). 

As such, New Zealand common dolphin hereafter is referred to as Delphinus sp. 

1.6.1.1 Distribution  

Common dolphins occur in warm-temperate to tropical waters worldwide typically from 

approximately 60°N in the Atlantic and 45°N in the Pacific to 50°S (Jefferson et al., 

1993; Pollock et al., 2000; Hammond et al., 2008a, b; Cañadas et al., 2009; Becker et 

al., 2014, Figure 1.5). The accurate distribution of each species remains uncertain due to 

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

(Hui, 1979; Forney et al., 1995; Becker et al., 2014). 

 

Figure 1.5: Global distribution of common dolphins, genus Delphinus, displayed in red 

(modified from Hammond et al., 2008a, b). 

In the western Atlantic, common dolphins occur off Canada and North America (e.g. 

Selzer and Payne, 1988; Jefferson et al., 2009; Lawson et al., 2009; Goyert et al., 2014) 

to South America (e.g. Di Beneditto et al., 2001; Jefferson et al., 2009; Oviedo et al., 
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2010; Tavares et al., 2010). However, their distribution appears to be discontinuous, 

presumably related to SST (Cañadas et al., 2009), as they appear absent from the 

tropical waters (Jefferson et al., 2009) and some areas in the central North Atlantic 

where cold temperatures have been recorded (Cañadas et al., 2009).  

In the eastern Atlantic, common dolphins are reported from the European (e.g. Silva, 

1999; Hammond et al., 2002; Lopez et al., 2004; Kiszka et al., 2007b; Certain et al., 

2008; Macleod et al., 2008, 2009; Lambert et al., 2010; Pierce et al., 2010; Robinson et 

al., 2010) to west African coasts (e.g. Perrin, 2008; Pinela et al., 2008, 2011; Weir, 

2010; Perrin and Van Waerebeek, 2012; Weir et al., 2012; Sohou et al., 2013; 

Segniagbeto et al., 2014), including the Mediterranean and Black Sea (e.g. Notarbartolo 

Di Sciara et al., 1993; Bearzi et al., 2003, 2011; Gannier, 2005; Cañadas and Hammond, 

2008; Dede and Tonay, 2010).  

The genus is also present in the Red Sea and the Indian Ocean (e.g. Rudolph et al., 1997; 

Ballance and Pitman, 1998; Jayasankar et al., 2008, 2009; Eyre and Frizell, 2012; 

Mohsenian et al., 2014) and has been observed off the South African coast (e.g. 

Cockcroft and Peddemors, 1990; Young and Cockcroft, 1994; Samaai et al., 2005; Best 

et al., 2009; Ambrose et al., 2013). 

Common dolphins are present in the Pacific Ocean from North America (e.g. Fiedler and 

Reilly, 1994; Ford, 2005; Carretta et al., 2007; Becker et al., 2014; Smultea and 

Jefferson, 2014) to Chile (e.g. Van Waerebeek et al., 1997; Bernal et al., 2003; Mangel 

et al., 2010), from the Sea of Okhotsk to Korea (e.g. Ohizumi et al., 1998; Ahn et al., 

2014; Kanaji et al., 2014) and within Indonesian waters (e.g. Rudolph et al., 1997). 
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In the South Pacific, information on common dolphin distribution is limited. Strandings, 

incidental captures or biopsies have usually provided information in terms of common 

dolphin occurrence and geographical range in New Caledonia (e.g. Borsa, 2006) and 

South Australia (e.g. Kemper et al., 2005; Ross, 2006; Bilgmann et al., 2008; Hamer et 

al., 2008; Möller et al., 2011). However, a recent assessment 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 from by-catch (Meynier et al., 2008b; Stockin et al., 

2009b), common dolphin encounters in New Zealand have also been reported via 

specific studies on human-dolphin interactions in the Bay of Islands (Constantine and 

Baker, 1997), the Hauraki Gulf (Stockin et al., 2008a) and the east coast of the 

Coromandel Peninsula (Neumann and Orams, 2006). Encounters in the South Island 

have also been documented (Bräger and Schneider, 1998; Clement and Halliday, 2014) 

but their habitat remains unclear (Clement and Halliday, 2014). Dwyer (2014) provided 

the first fine scale examination of common dolphin distribution and habitat use in the 

Hauraki Gulf. However, knowledge of common dolphin distribution in the BOP is yet to 

be investigated, with an obvious need to understand the species distribution in oceanic 

regions other than just the east coast of the Coromandel Peninsula (Neumann, 2001).  

1.6.1.2 Seasonality 

Seasonal changes in common dolphin distribution have been reported in various regions 

and have usually been identified as inshore-offshore movements. For instance, common 

dolphins typically move offshore in winter and inshore during the summer in the 
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southwestern Mediterranean (Cañadas and Hammond, 2008). The opposite trend is 

described in the northeastern Atlantic, where common dolphins are more abundant in 

offshore waters (200-2,000m) during summer (Lopez et al., 2004; Cañadas et al., 2009; 

Silva et al., 2014) but move towards shallower waters of the continental shelf during 

winter (Pollock et al., 2000; Macleod et al., 2009). Similarly, common dolphin 

distribution extends further offshore and northwards in the northeastern Pacific off the 

Californian coast, with higher densities in summer compared to winter (Carretta et al., 

2000; Becker et al., 2014). Such seasonal shifts are suggested to follow migration 

movements of prey species (Selzer and Payne, 1988; Cañadas and Hammond, 2008; 

Jefferson et al., 2009; Oviedo et al., 2010). For example, shifts to offshore waters have 

been linked with the movements of anchovies (Engraulis encrasicolus) in the Atlantic 

and displacement of sardines (Sardina pilchardus) in both the southwestern 

Mediterranean and off the southeast coast of South Africa (Cockcroft and Peddemors, 

1990; Cañadas et al., 2002; Cañadas and Hammond, 2008). 

In New Zealand waters, and more specifically off the east coast of 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 of the East Auckland 

Current (Neumann, 2001c). A similar pattern is also evident in the Hauraki Gulf, where 

common dolphins are found in shallower waters during the summer months (Stockin et 

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

Common dolphins are typically considered pelagic (Gaskin, 1992), occurring in deep 

waters (200-2,000m) beyond the continental slope in the Mediterranean (Azzellino et 

al., 2008a), North Atlantic (Hooker et al., 1999; Lopez et al., 2004; Silva et al., 2014) 

and Pacific (Carretta et al., 2000). However, the genus is also found in shallow waters 

over the continental shelf in the Atlantic (Di Beneditto et al., 2001; Certain et al., 2008; 

Jefferson et al., 2009; Macleod et al., 2009; Oviedo et al., 2010; Robinson et al., 2010) 

and Pacific (Stockin et al., 2008b; Filby et al., 2010, Dwyer, 2014). They also inhabit 

shallow waters of the continental slope in the Atlantic (Selzer and Payne, 1988; Kiszka 

et al., 2007b; Pierce et al., 2010) and the Mediterranean (Notarbartolo Di Sciara et al., 

1993). 

In some areas, occurrence of common dolphins is reported in both deep and shallow 

waters (Cañadas and Hammond, 2008; Jefferson et al., 2009; Becker et al., 2014) and 

has been explained by differences in prey availability and feeding habits (Cañadas et al., 

2002; Cañadas and Hammond, 2008). Alternatively, given that sightings often refer to 

the entire Delphinus genus (Becker et al., 2014), it has been suggested that differences in 

habitat use are linked to habitat partitioning between the short- and long-beaked forms 

(Heyning and Perrin, 1994; Jefferson et al., 2009). 

Behavioural aspects, and more specifically foraging behaviour, also seem to explain 

common dolphin use areas with prominent bathymetry such as the continental slope, 

shelf break or canyons (Hui, 1979, 1985; Selzer and Payne, 1988; Hooker et al., 1999; 

Oviedo et al., 2010). Such features provide foraging opportunities with higher prey 
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resource enriched by local upwellings and concentrated by the steep bathymetry. 

Likewise, correlations have been made between common dolphin occurrence and highly 

productive areas such as waters influenced by upwellings (Au and Perryman, 1985; 

Selzer and Payne, 1988; Cañadas and Hammond, 2008; Jefferson et al., 2009; Silva et 

al., 2014), or between dolphin distribution and SST (Cañadas et al., 2005, 2009; 

Cañadas and Hammond, 2008) or chlorophyll concentrations (Cañadas and Hammond, 

2008; Moura et al., 2012). However, it is more likely that those oceanographic features 

affect dolphins subsequently, while first influencing dolphin prey species (Cañadas and 

Hammond, 2008; Cañadas et al., 2009). 

Social organisation appears to also influence common dolphin habitat use (Cañadas and 

Hammond, 2008). For instance, groups containing calves showed a tendency for higher 

density towards shallower waters in the Mediterranean and were partly explained by 

foraging strategies of lactating females feeding on highly nutritive prey (Cañadas and 

Hammond, 2008). Similarly, in the Hauraki Gulf, nursery groups were primarily 

reported in shallower waters (Stockin et al., 2008b), although a recent study reported 

groups containing neonates in deeper waters in areas of decreased slope (Dwyer, 2014). 

1.6.1.4 Conservation status  

Common dolphins are protected by various international and national legislation 

(Murphy et al., 2013). On a global scale, short-beaked common dolphins are listed as 

ñleast concernò by the International Union for Conservation of Nature (IUCN, 

Hammond et al., 2008b). However, the IUCN classified the Mediterranean common 

dolphins as ñendangeredò in 2003, after the population in the eastern Ionian Sea was 



Chapter 1: General Introduction 

25 
 

discovered to be in decline (Bearzi et al., 2005). Although the worldwide population is 

not considered to be under threat, factors affecting the Mediterranean population of 

common dolphin, i.e. fisheries by-catch, depletion of food resources caused by 

overfishing and pollution (Bearzi et al., 2003), potentially pose similar threats to other 

populations. 

In New Zealand, common dolphins are exposed to fisheries by-catch (Stockin et al., 

2009b; Thompson et al., 2013), pollution (Stockin et al., 2007) and anthropogenic 

activities including tourism activities (Neumann and Orams, 2006; Stockin et al., 2008a; 

Meissner et al., 2015). However, under the New Zealand Threat Classification System 

(Townsend et al., 2008), this species remains currently classified as ñnot threatenedò 

(Baker et al., 2010). This is despite a lack of data on dolphin abundance and rigorous 

assessment of mortality of this species within New Zealand waters. 

1.6.2 New Zealand fur seals 

New Zealand fur seals belong to the pinniped subfamily of Otariidae. Before the 

colonisation of New Zealand by Polynesians, fur seals occurred in the North and South 

Island, as well as on offshore and sub-Antarctic islands (Lalas and Bradshaw, 2001; 

Baird, 2011). However, the species was decimated from north to south by hunting after 

MǕori arrived in New Zealand (Lalas and Bradshaw, 2001), with the breeding range 

eventually confined to the southwestern part of the South Island (Lalas and Bradshaw, 

2001; Baird, 2011). The subsequent colonisation of New Zealand by Europeans marked 

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

offshore islands, bringing the species close to extinction (Lalas and Bradshaw, 2001).  
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1.6.2.1 Distribution  

The species is present in southern and western Australia, and on offshore islands on the 

east coast of Australia (e.g. Goldsworthy and Shaughnessy, 1994; Arnould et al., 2000; 

Harcourt, 2001; Shaughnessy and McKeown, 2002; Shaughnessy et al., 2010; Campbell 

et al., 2014, Figure 1.6). Limited gene flow seems to occur between both Australian and 

New Zealand populations (e.g. Lento et al., 1994, 1997; Berry et al., 2012). 

Since their total protection in 1978 under the MMPA (1978), New Zealand fur seals 

have increased in numbers and their range has expanded northward along the New 

Zealand coasts and on the offshore and sub-Antarctic islands (e.g. Crawley and Wilson, 

1976; Carey, 1998; Lalas and Bradshaw, 2001), dispersing as far North as the Three 

Kings Islands (e.g. Crawley and Wilson, 1976; Cawthorn, 1981; Baird, 2011). Fur seals 

have been recolonising marine coastal habitats mainly in the South Island (e.g. Lalas and 

Harcourt, 1995; Taylor et al., 1995; Bradshaw et al., 2000b; Boren et al., 2006b). 

However, as the population is recovering, breeding colonies have been reestablished in 

the south of the North Island (e.g. Dix, 1993). On the west coast, breeding colonies have 

been reported off Taranaki (Miller and Williams, 2003). Recently, pups have also been 

sighted further north, in the Waikato region (Bouma et al., 2008). On the east coast, 

seals have been visiting the BOP since the late 1970s, with evidence of recolonisation 

since the 1990s (Cowling et al., 2013). A breeding colony has since reestablished in the 

eastern part of the region since the mid-2000s (Cowling et al., 2014). 
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Figure 1.6: Global distribution of New Zealand fur seals (Arctocephalus forsteri). 

 

1.6.2.2 Seasonality 

Seasonal variation in fur seal distribution is observed and determined by animal gender 

and maturity (Baird, 2011). In New Zealand, adult males arrive at breeding colonies 

from late October to establish their territories (Crawley and Wilson, 1976). Females 

arrive in November and pupping occurs between mid and late December (Lalas and 

Harcourt, 1995; Boren, 2005). Males typically leave colonies by February (Crawley and 

Wilson, 1976) and disperse to non-breeding haul out sites (Bradshaw et al., 1999a), with 

higher densities recorded in July-August (Crawley and Wilson, 1976). Conversely to 

males, females remain at the breeding colonies for ca. 10 months until August-

September (Crawley and Wilson, 1976), when 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 trips at sea and breeding periods ashore, 

typically during austral summer (Miller, 1975; Crawley and Wilson, 1976; Goldsworthy 

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

the preferred areas determined by direct access to the sea (Crawley 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 pools (Crawley and Wilson, 1976; 

Bradshaw et al., 1999b). Both types of colonies are further determined by the 

availability and distribution of prey resources (Boyd, 1991; Bradshaw et al., 2000a) and 

human disturbance (Taylor et al., 1995). 

Marine habitat choice varies seasonally. Close to the breeding season, fur seals typically 

forage over the continental shelf and slope, in depths shallower than 200m and up to ca. 

30km offshore (Sinclair and Wilson, 1994; Harcourt et al., 2002). Outside the breeding 

season, foraging trips increase in duration as animals travel beyond the continental slope 

(Sinclair and Wilson, 1994; Harcourt, 2001; Harcourt et al., 2002; Baylis et al., 2008, 

2012). The seasonal shift in habitat corresponds to subsequent shift in diet, inferred from 

the difference in diving profile between the warm (i.e. summer and autumn) and the cold 

season (i.e. winter and spring). Indeed, during summer, fur seals are found to perform 

short, shallow and nocturnal dives (Mattlin et al., 1998; Harcourt et al., 2002), 

suggesting prey species may include pelagic and vertical migrating species. Conversely, 

seals dive deeper (>150m) and longer in winter (Mattlin et al., 1998; Harcourt et al., 

2002), suggesting that they feed on benthic, demersal and pelagic species (Harcourt et 

al., 2002). However, it is worth highlighting that most of foraging research on New 
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Zealand fur seals has focused on lactating females (Sinclair and Wilson, 1994; Mattlin et 

al., 1998; Harcourt et al., 2002). Foraging distribution, i.e. distribution at sea, may 

therefore be potentially different for males or juveniles (Baird, 2011), owing to their 

different physiological constraints and energetic requirements (Page et al., 2005). This is 

indeed supported by analysis of scats and regurgitates indicating a wider use of deeper 

waters than the foraging study of lactating fur seals (Fea et al., 1999). 

1.6.2.4 Conservation status  

On a global scale, New Zealand fur seals are listed as ñleast concernò by the IUCN 

(Goldsworthy and Gales, 2008) and at a national scale, they are considered as ñnot 

threatenedò (Baker et al., 2010) under the New Zealand Threat Classification System 

(Townsend et al., 2008). With the subsequent recolonisation of the fur seal population, 

the effect of the species on the marine environment and on human activities (i.e. 

interactions and/or conflicts with fisheries, Lalas and Bradshaw, 2001) has gradually 

lead to an increasing interest from scientists, conservationists, the tourism and fishing 

industries since the late 1990s (Boren et al., 2002, 2006a; Page et al., 2004; 

Goldsworthy and Page, 2007). 

Besides natural mortality, New Zealand fur seals are vulnerable to human-induced 

sources of mortality including entanglement in fishing gear (Baird, 2005; Boren et al., 

2006a; Abraham et al., 2010). Most importantly, there is a great concern over incidental 

by-catch of New Zealand fur seals by trawl operations for hoki (Macruronus 

novaezelandiae), squid (Nototodarus spp.) and southern blue whiting (Micromesistius 

australis) around the coastline of the South Island and the offshore islands (Abraham et 



Chapter 1: General Introduction 

30 
 

al., 2010). Most of the fisheries that reported incidental captures occur in waters around 

the continental shelf which, around much of the South Island and offshore islands, 

slopes to deep waters relatively close to shore, and thus in proximity of breeding 

colonies and haul out sites (Baird, 2011). For instance, the area targeted by trawl 

operation for hoki on the west coast of the South Island are ca. 100km from the breeding 

colonies (Sinclair and Wilson, 1994) between June and September (Baird, 2005). 

Therefore, by-catch most likely affects pregnant or lactating females, which have 

dependent pups ashore. The loss of mature females can consequently to slow down the 

recovery of fur seal population. 

Incidental captures in commercial fisheries has been quantified for larger fisheries 

(Baird, 2005). However, interactions between fur seals and small fisheries within 

inshore waters remain poorly documented (Baird, 2011), although these practices 

contribute to about half of the annual trawl effort (Smith and Baird, 2009). Similarly to 

common dolphins, abundance of New Zealand fur seals remains unknown, with only an 

approximate estimation of 100,000 individuals (Harcourt, 2001). The lack of knowledge 

relating to the population abundance and extent of the incidental mortality due to fishery 

activities is of concern as it precludes the ability to assess any potential future decline in 

the population. 

1.7 Thesis rational  

Conservation efforts and management actions for marine mammals are largely focused 

on coastal areas (Hooker and Gerber, 2004; Correia et al., 2015; Mannocci et al., 2015), 

highly motivated by the perceived gravity of the threats (e.g. ship collisions, Laist et al., 
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2001; pollution, Aguilar et al., 2002; fisheries by-catch, Read, 2008; Hammond et al., 

2013; Whitty, 2015) and prioriti sed according to the species status (Hooker and Gerber, 

2004; Pompa et al., 2011; Dwyer et al., 2014b). For instance, the rapid decline in the 

Mediterranean short-beaked common dolphin population (Bearzi et al., 2003) and the 

species reclassification as endangered in the IUCN Red List (Hammond et al., 2008b), 

resulted in the development of protective measures (Notarbartolo Di Sciara, 2002). 

Similarly, following concerns over the incidental by-catch of harbour porpoises 

(Phocoena phocoena) in the North Sea (Tregenza et al., 1997; Vinther, 1999), 

conservation plans and mitigation strategies have been implemented (Reijnders et al., 

2009). Likewise, scientific research has often, if not always, evaluated effects of tourism 

activities on marine mammal behaviour after operations were well established and given 

priority to species most frequently encountered by tour operators (e.g. Constantine, 

2001; Christiansen et al., 2010; Scarpaci et al., 2010; Lundquist et al., 2013; Filby et al., 

2014) . 

The BOP is second only to the Bay of Islands as the busiest destination for cetacean 

watching in the North Island (O'Connor et al., 2009) with a tourism industry growing for 

the last 25 years. Despite this, marine mammal conservation has been given attention 

only recently. That has translated into a moratorium on further commercial permits and 

two commissioned studies aiming at evaluating the effects of vessel interactions on the 

behaviour of New Zealand fur seals and common dolphins (Cowling et al., 2014; 

Meissner et al., 2014). However, in the absence of baseline information, identifying 

factors responsible of changes in species abundance, distribution or behaviour and 

minimising effects upon populations can be challenging (Bearzi et al., 2003).  



Chapter 1: General Introduction 

32 
 

There was, therefore, an urgent need to evaluate the composition of the marine mammal 

community in the BOP and assess their spatial and temporal distribution. Despite a 

broader lack of dedicated scientific surveys, the use of existing opportunistic datasets 

was considered important. 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 interactions with common dolphins and 

New Zealand fur seals in space and time, a comprehensive understanding of the 

relationship between the species and their habitat was required (i.e. a sound knowledge 

of species distribution, habitat use and behavioural budget activity, Hooker and Gerber, 

2004; Cañadas et al., 2005; Cañadas and Vazquez, 2014). Dedicated surveys were 

consequently conducted to describe the spatial and temporal distribution of common 

dolphins and New Zealand fur seals in the region. 

To fulfil  the contract for the Department of 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 dolphin site fidelity 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). The research 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 of the commissioned report for the Department of Conservation, East Coast 

Bay of Plenty Conservancy (Meissner et al., 2014). Consequently, the format of this 

thesis results in some unavoidable repetitions, especially in terms of the methods applied 

and description of the study site. However, effort was made to limit duplication where 

possible. The outline of each chapter is as follows: 

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 activities in 

the BOP, the common dolphin and the New Zealand fur seal. Aspects of their 

distribution, seasonality, habitat use and conservation status are discussed with respect to 

the current literature available. The chapter was written by A.M. Meissner and improved 

by edits and suggestions provided by K.A. Stockin, E. Martinez and M.B. Orams. 

Chapter 2 evaluates the use of historical opportunistic data by assessing their reliability 

to provide the first quality assured insights into the historical occurrence of marine 

mammal species encountered within the wider BOP. Data for this chapter were collected 

between 1974 and 2014 by various observers (i.e. fishermen, tour operators, researchers) 

aboard platforms of opportunity and kindly provided by G. Butler, C. Fines, 
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M. Fitzpatrick, C. Schweder-Goad 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 improved by edits and suggestions provided by K.A. Stockin, E. Martinez and M.B. 

Orams. 

Chapter 3 examines common dolphin and fur seal distribution, density and group 

dynamics at a fine geographical scale in the western BOP sub-region, where the majority 

of tourism operations occur. This provides the first comprehensive baseline information 

to help with management and conservation plans. Data were collected year-round 

between November 2010 and May 2013 during surveys aboard an independent research 

vessel and four opportunistic 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 and analysis for this chapter were 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 D. Clement and S.L. Dwyer. The chapter was written 

by A.M. Meissner and improved by edits and suggestions provided by K.A. Stockin, E. 

Martinez and M.B. Orams. 

Chapter 4 investigates the effects of tourism activities on common dolphin behaviour. 

For the first time, level of vessel traffic and interactions, including commercial and 

recreational viewing and swimming activities, were assessed. Variations in the dolphin 

responses to vessel interaction were examined by innovatively applying two approaches 

of Markov chain analysis. Compliance of tourism operations with regards to permit 
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conditions and to the MMPR (1992) was also evaluated in the framework of the 

commissioned contract for the Department of Conservation. Data for this chapter were 

primarily collected by A.M. Meissner during fieldwork conducted in the western BOP 

sub-region 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 by K.A. Stockin, F. Christiansen, E. Martinez, M.D.M Pawley and M.B. 

Orams. This chapter is a reformatted version of an unpublished report to the Department 

of Conservation, co-authored with E. Martinez, M.B. Orams and K.A. Stockin, and a 

peer-reviewed article published in PLoS One co-authored by F. Christiansen, 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 to use photo-identification to estimate the minimum number of 

individuals closely interacting with tour vessels and to quantify interactions between 

dolphins and vessels to assess for repetitive interactions. Site fidelity of common 

dolphins within the region was further investigated. Photographs were primarily 

collected by A.M. Meissner during fieldwork conducted in the BOP between November 

2010 and May 2013 aboard an independent research vessel and several tour vessels. 

Assistance with the catalogue and photo-ID process was kindly provided by T. Plencner, 

J. Ransijn, R. Vaton and K. Hupman. 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. 



Chapter 1: General Introduction 

36 
 

Chapter 6 concludes by discussing the results of the research chapters in relation to 

each other, places these findings within the perspective of marine mammal tourism in 

the BOP region and provides implications in terms of management initiatives. 



 

 
 

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 top left to bottom right). 

  


