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Abstract

Bottlenose dolphins (Tursiops truncatus) are one of the most studied cetacean species in
the world. In New Zealand, this species is classified as Nationally Endangered and
studies are generally limited to just a few known core areas. Herein, | examine the use of
social media in citizen science as a means of collecting occurrence data of bottlenose
dolphins in the inner Hauraki Gulf. A dedicated research vessel was employed to verify
data collected by citizen scientists. This study also investigated the habitat selection of
bottlenose dolphins at Great Barrier Island, an area only recently described for its
importance to the north-eastern North Island population. Data collected for a behavioural
budget and whistle repertoire were recorded on a dedicated research vessel with the aim
of understanding habitat selection. Environmental variables were used to model
behavioural states in order to determine how habitats were utilised by the dolphins. The
whistle repertoire was assessed to understand how it correlated with behavioural states
and group dynamics.

A total of 260 sightings of bottlenose dolphins were reported by citizen scientists between
April 2015 and July 2016. Only 42 of these were independent reports. Of the total
number of reports, 73.5% did not identify a dolphin species. Citizen scientists identified
three species of cetacean. Killer whales (Orcinus orca) were often reported correctly,
however all five reports of common dolphins (Delphinus delphis) were misidentified, and
33.3% (n=5) of the reports identifying bottlenose dolphin were either unconfirmed or
misclassified. Researchers’ verifying the identity of the species reported was the most
useful method of confirming citizen science reports in this study (34.8%). Citizen
scientists failed to detect dolphins on only three occasions that the research vessel or
platform of opportunity did. Yet, citizen scientists were able to detect bottlenose dolphins

more often than either the research vessel or platform of opportunity.

The number of independent citizen science reports, research vessel encounters and
platform of opportunity encounters for bottlenose dolphins were similar over each austral
season. Notably, only the platform of opportunity had encounters over summer, both of
which were in deeper water, outside of the study area. Bottlenose dolphin group size was
often underestimated by citizen scientists in this study, though rigid comparisons were
not possible for group size or behavioural state due to small sample sizes. The proportion
of total reports varied temporally between seasons, and was highest in the mornings for
autumn and winter, but peaked during the afternoons in spring. Bottlenose dolphins did

not appear to use the study area frequently and were usually recorded travelling.



The majority of behavioural observations at Great Barrier Island were made during winter
and spring. Bottlenose dolphins were recorded between 13.5 and 24.1°C and in depths of
1.8 to 55.3m. The largest group sizes were recorded in autumn while the smallest group
sizes were recorded most often in spring and summer. While the largest group sizes were
recorded in the warmest sea surface temperatures and greatest depths, there was no
significant difference between group size categories. Resting made up the largest
proportion of the behavioural budget (32.1%), while foraging (8.2%) and socialising (9%)
were rarely recorded. The models predicted that the behavioural budgets at Great Barrier
Island were determined primarily by abiotic factors (e.g. depths and sea surface
temperature).

The mean whistle rate, calculated as the number of whistles per minute per dolphin,
recorded at Great Barrier Island for bottlenose dolphins was 0.50 (SD=0.53) and the
highest whistle rate was recording during foraging (1.17, SD=0.98). There was no
significant difference in whistle rates between group size categories. Whistles recorded
lasted on average 0.84s (SD=0.52), with a mean frequency of 11.6kHz (SD=2.34). The
parameters with the highest variation were the number of inflection points, length, and
frequency range of whistles. The Ascending whistle type was the most commonly
recorded, and particular whistle types were correlated to behavioural state and group size

category.

This study represents the first instance that citizen science utilised social media in the
Hauraki Gulf and suggests there is potential for continued monitoring of bottlenose
dolphins with citizen science, if recommendations are applied. It also presents the first
behavioural budget and whistle repertoire for bottlenose dolphins at Great Barrier Island.
This study reported a unique behavioural budget and acoustic parameters that imply its
importance for the north-eastern North Island population. Continued monitoring of this

population is recommended to ensure this population is managed appropriately.
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Chapter 1

General Introduction

A bottlenose dolphin (Tursiops truncatus) breaching at Great Barrier Island with the

Coromandel Peninsula featured in the background.



1.1 Introduction

The field of ecology studies the interactions between organisms and their environment,
supporting a wide range of species including: trees (Lindenmayer & Laurance 2016),
beetles (Seibold et al. 2015), fish (Weng et al. 2015), birds (Powell et al. 2015), ungulates
(Felton et al. 2017), and whales (Vikingsson et al. 2015). Understanding the distributional
(Farhadinia et al. 2017; Garcia Erize & Gdémez Villafafie 2016; Stevenson et al. 2015;
Subba et al. 2017), behavioural (Ghaskadbi et al. 2016; Li et al. 2015; Mekonnen et al.
2017) and acoustic (Nelson et al. 2016; Schmidt & Balakrishnan 2014; Templeton et al.
2016) parameters of a population can give insights into how a species interacts with its
environment and the requirements for conservation. Recognising the environmental needs

of such species is a crucial component of effective conservation management.

The ecology of bottlenose dolphins (Tursiops spp.) has been well documented
internationally. The acoustic behaviour, behavioural state and distribution, have been
reported to correlate with a number of environmental factors (Acevedo-Gutiérrez &
Stienessen 2004; Allen et al. 2001; Bas et al. 2014; Gregory & Rowden 2001; Hastie et
al. 2004; Jones & Sayigh 2002; Lépez 2011; Lépez & Shirai 2009; McHugh et al. 2011;
Sini et al. 2005; Vermeulen et al. 2015). These studies provide an insight into which
habitats and locations are important for bottlenose dolphins and have helped to improve

the understanding of dolphin ecology for species conservation.

In New Zealand, studies of bottlenose dolphins have focused on the Bay of Islands
(Constantine 2002; Constantine et al. 2004; Hartel et al. 2014; Peters & Stockin 2016;
Snell 2000; Tezanos-Pinto et al. 2013), Fiordland (Boisseau 2004, 2005; Currey et al.
2009; Haase & Schneider 2001; Lusseau 2003a, 2003b; Lusseau et al. 2003; Schneider
1999; Williams et al. 1993) and to some extent, the Marlborough Sounds (Merriman et al.
2009; Merriman 2007). However, the north-eastern North Island population habitat
extends well beyond the Bay of Islands. The waters surrounding Great Barrier Island
(GBI) have recently been described as of overlooked importance for the Nationally
Endangered bottlenose dolphins (Dwyer et al. 2014). Anecdotal reports also indicate that
the coastlines of the inner Hauraki Gulf (IHG) may be of greater use to bottlenose

dolphins than previously thought.



1.2 Taxonomy

Bottlenose dolphins belong to the delphinid subfamily Delphininae (LeDuc et al. 1999).
Two species of bottlenose dolphins are currently recognised; common bottlenose
dolphins (T. truncatus) and Indo-Pacific bottlenose dolphins (T. aduncus) by the
Committee on Taxonomy (2016). Indo-Pacific bottlenose dolphins are genetically closer
to the oceanic dolphins (Stenella and Delphinus) than to the common bottlenose dolphin.
The Tursiops genus also varies geographically in distribution; common bottlenose
dolphins occur throughout the North Atlantic, the Gulf of Mexico, the North Pacific,
Chile, Argentina, southern Australia and New Zealand, while Indo-Pacific bottlenose
dolphins occur around the east coast of Africa, through the Persian Gulf and south-east
Asia and along the northern half of Australia (Rice 1998). Indo-Pacific bottlenose
dolphins are generally smaller than common bottlenose dolphins and upon reaching
maturity spots often develop on their ventral surface (Constantine 2002; LeDuc et al.
1999). Recently, a third species, Burrunan dolphins (T. australis), which is endemic to the
southern and south-eastern regions of Australia, has been proposed (Charlton-Robb et al.
2011), but is still debated (Committee on Taxonomy, 2016).

Bottlenose dolphins in New Zealand have been recognised as common bottlenose
dolphins (Tezanos-Pinto et al. 2009) although, two ‘ecotypes’ (coastal and oceanic) are
known to occur (Baker et al. 2010; Zaeschmar 2014). The oceanic form has been
distinguished based on gross morphology; their body size is comparatively larger and
they are more robust, while typically displaying oval wounds and scars which are
presumably inflicted by Isistius spp (Constantine 2002; Dwyer & Visser 2011; Visser et
al. 2010). Generally, the oceanic ecotype is considered pelagic and is rarely observed in
coastal waters (Visser et al. 2010; Zaeschmar 2014). The bottlenose dolphins in the north-
eastern North Island population (including the Hauraki Gulf) have been considered as a
coastal population of common bottlenose dolphins (Constantine 2002; Dwyer et al.

2014), hereafter referred to as bottlenose dolphins.

1.3 Morphology

Tursiops spp. demonstrates geographical variation in morphology. For example, adult
lengths vary from 1.9 to 3.8m depending on population (Jefferson et al. 2008; Wells &
Scott 2009, 2017). They tend to have a medium-sized, robust body with a tall and falcate
dorsal fin set near the middle of their back (Jefferson et al. 2008; Wells & Scott 2009).



There is a crease that distinctly sets off the melon from the, short-to-moderate length,
stocky rostrum (Jefferson et al. 2008).

The colour pattern varies from light grey to nearly black on the back and sides, fading to
white (occasionally with a pinkish hue) on the belly (Jefferson et al. 2008; Wells & Scott
2017). Spots rarely occur and are usually small flecks on the belly and lower sides.
Occasionally faint dorsal capes and/or spinal blazes may occur. Strips are present around
the eyes and blowhole, but intensity varies and often brushings of grey occur over the
body and face. A light patch on the side of the melon often occurs and they may display a
throat chevron and/or genital patch (Jefferson et al. 2008). Male bottlenose dolphins tend
to be larger than females, which is suggested to be consistent with the model of
polygamous mating systems (Connor et al. 2000; Jefferson et al. 2008; Tolley et al.
1995).

Figure 1.1 A bottlenose dolphin (Tursiops truncatus) porpoising from the water at Great
Barrier Island, New Zealand. Note: the falcate dorsal fin located towards the middle of the
dolphin, the dark to light grey pigmentation, the dark strip running over the eye to the pectoral
fin and the robust rostrum, all traits indicative of a bottlenose dolphin (T. truncatus).

1.4 Social Organisation

Mammal societies are dynamic and complex (e.g. carnivores, primates, cetaceans) and
form distinct assemblages, in which many of their members may interact and associate
with other known or unknown individuals (Goodall 1986). Dolphin societies or
communities are largely comprised of individuals that occupy the same general area and
have frequent interactions with each other (Wells et al. 1987). Coastal bottlenose dolphin

societies are characterised as fission-fusion, generally consisting of small assemblages



that form a wide range of social bonds as individuals are exchanged between groups
(Wursig & Pearson 2015). Bottlenose dolphins also form stable, long-lasting associations
and individuals often show strong site fidelity (Wells 1991; Lusseau 2003b).

Affiliation between bottlenose dolphins is expressed through proximity, physical contact,
and synchronous movement (Connor et al. 2000). Mothers and their young calves
maintain close proximity and synchronise swimming (Connor et al. 2000; Mann & Smuts
1999). Females have been reported to form large networks of associates and are linked to
the majority of other females, either through mutual association or occasional occurrence
in the same group, though most have a strong association with a subset of other females
(Connor et al. 2000; Smolker et al. 1992; Wirsig & Pearson 2015). Calf survival is often
related to group size and thus females may benefit from these associations through
decreased predation risk, reduced male harassment and/or shared parental care (Connor et
al. 2000; Gibson & Mann 2008).

Relationship parameters vary between populations, some populations show strong long-
term associations between the same sex (Connor et al. 2000; Connor & Kriitzen 2015;
Owen et al. 2002; Wells 2014). These sex-specific associations are generally
characterised by differences in association patterns, as long-term bonds form between
male-male alliances and looser associations form among female dolphin networks (Baker,
O’Brien, McHugh, & Berrow 2017; Wiszniewski et al. 2012; Wiirsig & Pearson 2015).
Though, in some populations strong associations occur between males and females
(Baker, O’Brien, McHugh, & Berrow 2017) and in others, no sex-specific alliances are
observed (Augusto et al. 2012; Wilson 1995).

Bottlenose dolphin group sizes typically range from 2 — 15 individuals, although groups
of over 1,000 individuals have been reported (Shane et al. 1986; Shirihai 2006; Wiirsig &
Pearson 2015). The bottlenose dolphins that inhabit pelagic waters tend to form larger
groups (Connor et al. 2000; Lowther-Thieleking et al. 2015). Groups found in pelagic
waters can often be found in mixed species aggregations with species such as pilot whales
(Globicephala spp.) or false killer whales (Pseudorca crassidens; Connor et al. 2000;
Zaeschmar et al. 2014).

The median group sizes for New Zealand bottlenose dolphins are usually between 8 — 12
individuals, up to a maximum of 60 animals (Brough et al. 2015; Constantine 2002;
Merriman et al. 2009; Tezanos-Pinto 2009). Though, groups of more than 15 dolphins are
not uncommon in New Zealand populations (Lusseau et al. 2003; Merriman et al. 2009).
Furthermore, bottlenose dolphins at GBI have been reported to have median group sizes

of 35 animals with a maximum of 80 individuals (Dwyer et al. 2014). Little work has
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been published on the social structure of bottlenose dolphins in New Zealand. However,
in Doubtful Sound, sex-specific alliances have not been observed amongst bottlenose
dolphins, but some male-female associations were stable over the course of several years
(Lusseau et al. 2003).

1.5 Distribution

The distribution of T. tursiops is cosmopolitan (Figure 1.2) and they display great social
and morphological variation geographically. Bottlenose dolphins can be found in the
majority of the world’s warm temperate to tropical seas, in both coastal and offshore
waters (Wells & Scott 2009). They exhibit a full spectrum of movements which include
seasonal migrations, year-round home ranges, periodic residency, as well as a
combination of occasional long range movements and repeated local residency (Shane et
al. 1986; Wells & Scott 2009).
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Figure 1.2 Species range of common bottlenose dolphin (Tursiops truncatus). Modified from
Wiirsig et al. (2017).



Bottlenose dolphins in New Zealand waters occur in both coastal and pelagic habitats
(Constantine 2002), with three discontinuous coastal populations located in north-eastern
North Island, Marlborough Sounds and Fiordland (Figure 1.3; Tezanos-Pinto et al. 2009).
It has recently been reported that individuals from the Fiordland population have been
identified in two previously unidentified areas for bottlenose dolphins, Stewart Island and
Otago Harbour (Brough et al. 2015). Photo-identification and genetic results suggest
there is little to none exchange of individuals between populations (Tezanos-Pinto et al.
2009).

Bottlenose dolphins in the Bay of Islands have been studied intensively and it appears
there are no resident individuals, but instead a subset of regular users and infrequent
visitors (Constantine 2002; Tezanos-Pinto 2009). Over half of the individuals identified
in the Hauraki Gulf have been recorded in the Bay of Islands and there appears to be
strong seasonality in the IHG (Berghan et al. 2008). GBI, located in the outer Hauraki
Gulf, has been reported as a core area for the north-eastern North Island population and
bottlenose dolphins were recorded there year round (Dwyer et al. 2014). Individuals
known to frequent GBI waters have been recorded in the Bay of Islands (Tezanos-Pinto
2011) and the IHG (unpub. data).
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Figure 1.3 The presumed distributions of the three bottlenose dolphin populations (shaded) in
New Zealand, based on live sightings, excluding the potentially extended range of the
Fiordland population to Dunedin (Otago Harbour), recently reported by Brough et al. (2015;
map retrieved from: http://www.teara.govt.nz/en/map/4681/new-zealand-distribution-of-
bottlenose-dolphins).

1.6 Ecology & Life History

Tursiops inhabit a range of marine and estuarine habitats along shorelines in most warm
temperate and tropical areas, occurring in primarily coastal waters which extend into
harbours, bays, estuaries, rivers and fiords, but also occur in pelagic waters near oceanic
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islands and over the continental shelf (Leatherwood & Reeves 1990; Wells & Scott
2009). The diverse array of population structures reflects their ecological flexibility, from
small resident groups (Augusto et al. 2012; Chabanne et al. 2012; Louis et al. 2017) and
mobile coastal populations (Defran et al. 2017; Hwang et al. 2014; Morteo et al. 2017) to
large pelagic schools (Lowther-Thieleking et al. 2015).

Female Tursiops can live to more than 67 years old, while males have shorter lifespans,
reaching up to 52 years old (Wells & Scott 2017). In addition to differences in lifespan,
most populations exhibit sexual dimorphism, where males tend to be slightly larger than
females (Shirihai 2006). Bottlenose dolphins typically reach sexual maturity between the
ages of 10 and 15 years old (Wursig et al. 2017), but as early as five years old (Robinson
et al. 2017). They give birth to a calf between 0.84 — 1.4m in length, every two to six
years, after a 12 month gestation period (Connor et al. 2000; Shirihai 2006; Wells & Scott
2017; Whitehead & Mann 2000). Calving tends to be diffusely seasonal with peaks
during spring-summer, though births have been recorded from all seasons (Smith et al.
2016; Sprogis et al. 2016; Thayer et al. 2003; Wells & Scott 2009). Tursiops display
significant parental investment through prolonged calf associations, typically ranging
from 3 to 5 years (Connor et al. 2000; Wells & Scott 2017).

Tursiops calves are more prone to predation than adults (Fearnbach et al. 2011). Their
natural predators include both killer whales (Orcinus orca) and sharks (Heithaus & Dill
2002; Wells & Scott 2017). While bottlenose dolphins generally predate on a large
variety of squid and fish (Kiszka et al. 2014; Wells & Scott 2017), specialisation has been
documented in some populations (Gannon & Waples 2004; Sargeant & Mann 2009).

Bottlenose dolphins in New Zealand have a varied diet of fish and squid. In the Bay of
Islands, they have been observed preying on a wide range of fish species (Hartel 2010)
and stomach content analysis in the Doubtful Sound revealed a varied diet of squid and
fish, most of which were reef-associated fish or demersal (Lusseau & Wing 2006). They
display seasonal trends in calving across New Zealand with most births occurring
between autumn and spring (Constantine 2002; Henderson et al. 2014; Tezanos-Pinto
2009), and have been reported to give birth approximately every four years (Henderson et
al. 2014; Tezanos-Pinto et al. 2015). The population structures of bottlenose dolphins in
New Zealand include small resident groups (Currey et al. 2008), mobile coastal
populations (Berghan et al. 2008; Brough et al. 2015; Constantine 2002; Merriman et al.
2009) and large pelagic schools (Zaeschmar 2014).



1.7 Habitat Use and Selection

Species occur in a higher abundance in certain habitats and are not uniformly nor
randomly distributed, rather they are aggregated in patches, form gradients or occur
within other spatial structures (Boulangeat et al. 2012; Legendre & Fortin 1989; Morris
1987). Managing anthropogenic impacts on a species requires knowledge of the factors
driving their distribution and abundance (Boulangeat et al. 2012; Manly et al. 2002; Moe
et al. 2007). The disproportionate use of a habitat relative to its availability is habitat
selection, and it can operate at various spatial and temporal scales (Apps et al. 2004;
Johnson 1980; Mysterud et al. 1999; Schooley 1994). Habitat selection studies are
important to incorporate both habitat and demographic information into conservation
planning, they demonstrate how factors, such as landscape structure, can influence
precisely how animals navigate and select habitats (Allen et al. 2014; Caughley 1994;
Jones 2001; Sanchez-Clavijo et al. 2016).

Bottlenose dolphins display great plasticity in habitat selection. Behavioural budgets vary
between location, time of day, and population (Bearzi et al. 1999; Beddia 2007; Garcia et
al. 2017; Gregory & Rowden 2001; Hanson & Defran 1993; Mattos et al. 2007; Sini et al.
2005; Vermeulen et al. 2015). Habitat selection has also been impacted by predation
(Heithaus & Dill 2002, 2006; Mann et al. 2000), prey selection (Garcia et al. 2017,
Heithaus & Dill 2002; Veneruso & Evans 2012), anthropogenic impacts (Bas et al. 2017;
Bejder et al. 2006; Lusseau 2005) and environmental factors such as bottom topography
(Allen et al. 2001), depth (Hastie et al. 2004; Wilson et al. 1997) and water temperature
(Barco et al. 1999). Bottlenose dolphins are often reported to be engaged predominantly
in foraging or travelling (Baker, O’Brien, McHugh, Ingram & Berrow 2017; Bearzi et al.
2009; Beddia 2007; Filby et al. 2017; Garcia et al. 2017; Inoue et al. 2017; Mattos et al.
2007; Sini et al. 2005; Veneruso & Evans 2012). Foraging has been reported to make up
0.04% to 61% of their behavioural budget (Ballance 1992; Bearzi et al. 2009; Sini et al.
2005) while travel has been reported from 19.6% to 65% (Bearzi et al. 1999; Filby et al.
2017). Behavioural state has been reported to be influenced by a number of factors,
including: tidal state (Gregory & Rowden 2001; Inoue et al. 2017), time of day (Garcia et
al. 2017; Hanson & Defran 1993; Sini et al. 2005; Vermeulen et al. 2015), group
composition (Barco et al. 1999), season (Bas et al. 2014; Miller et al. 2010; Vermeulen et
al. 2015) and/or habitat, such as topography (Hanson & Defran 1993; Hastie et al. 2004),
algal blooms (McHugh et al. 2011), and vegetation (Allen et al. 2001).

Studies in behaviour and habitat selection of bottlenose dolphins in New Zealand have

been focused on animals in the Bay of Islands (Constantine et al. 2004; Hartel et al.
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2014), Fiordland (Lusseau 2003a, 2006; Schneider 1999) and the Marlborough Sounds
(Merriman 2007) areas, which all have commercial whale and dolphin watching
operations. Foraging and/or traveling also appear to make up the largest proportion of
time spent in the dolphins’ behavioural budget in New Zealand (Lusseau 2004; Merriman
2007; Peters & Stockin 2016; Schneider 1999). Differences in habitat use have been
displayed between various locations within the distribution of the Marlborough Sounds
population, with defined areas for socialising and travelling (Merriman 2007).

Similarly, the waters surrounding GBI may provide specific functions for the local
bottlenose dolphin population. It has been hypothesised that the large average group sizes
at GBI may relate to food availability due to large upwellings around the island (Dwyer et
al. 2014), which has been suggested to produce high biological productivity (Black et al.
2000). The high number of neonates and calves at GBI may also influence the large
average group sizes. Mann et al. (2000) suggests that large group sizes were associated
with the presence of individuals less than 3 months old, which may reflect predator
avoidance. Alternatively, GBI may represent a social hub where smaller groups fuse for
socialising (Dwyer et al. 2014).

1.8 Acoustics

Communication is crucial for social behaviour (Janik 2009) and consists of associations
between signals from one individual to another (Wiley 2006). It is a core part of animal
behaviour, as all social interactions between individuals depend on exchanging
information (Brumm 2013). Animals may convey information through means such as
optical, acoustic, electrical, or chemical signals (Brumm 2013). Communication is
dependent on a signal being encoded with information from a sender, which is then
transmitted to a receiver (Shannon and Weaver 1949). Sound propagates much better than
light in water and many marine animals have evolved ways to utilise sound as their

primary distance sense to communicate and echolocate (Tyack and Janik 2013).

Mechanisms have evolved in marine mammals which allow them to use a wide range of
frequencies of underwater sound (Tyack and Janik 2013). As lower frequency sounds
travel further in the ocean, baleen whales (Mysticeti) have evolved mechanisms to
produce and hear sound in the frequency range from less than 10 Hz to several hundred
Hz which can be detected over hundreds of kilometres (Stafford et al. 1998; Tyack and
Janik 2013). Delphinid signals are generally considered to belong to one of three

categories: whistles, burst-pulsed sounds, and clicks. Clicks are most commonly used for
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echolocation (Janik 2009), but some species of toothed whales also use clicks for
communication, such as sperm whales (Physeter macrocephalus; Weilgart & Whitehead
1993), harbour porpoises (Phocoena phocoena; Clausen et al. 2010), and Hector’s
dolphins (Cephalorhynchus hectori; Dawson 1991). Clicks are relatively broadband,
short signals and often reach into the ultrasonic range (Janik 2009) while burst-pulsed
signals consist of rapid click trains, and the term burst pulse sound is often used to
describe all sounds that do not fall into the categories of whistles or clicks (Janik 2009).
Most delphinids produce whistles which are frequency modulated, narrow band harmonic
signals (Tyack and Janik 2013).

Whistles convey information about identity, relative position and emotional state
(Caldwell and Caldwell 1972). They are thought to help maintain group cohesion and
unite separated individuals/groups (Tyack and Janik 2013). It is thought that the effective
range of these communication signals is several kilometres to tens of kilometres (Janik
2000; Miller 2006), which is consistent with the largest distance expected between
conspecifics sharing strong social bonds (Tyack and Janik 2013). The fundamental
frequency of their whistles generally ranges from 2 kHz to 25 kHz (Boisseau 2004; Janik
2009) and lasts from 0.1 to 4 seconds (Janik 2009; Tyack and Janik 2013). The
complexity of frequency modulations that dolphins produce in their acoustic signals

varies between populations and species (Janik 2009).

Bottlenose dolphins are extremely vocal (Boisseau 2005). The whistle rates and
parameters recorded for bottlenose dolphins have indicated that whistle features are often
dependent on group size and/or behaviour (Cook et al. 2004; Hawkins & Gartside 2010;
Janik et al. 1994; Jones & Sayigh 2002; Quick & Janik 2008). In New Zealand, little
acoustic research has been undertaken on bottlenose dolphin whistles. The acoustic
repertoire of bottlenose dolphins in Fiordland described 12 individual signal types
(Boisseau 2004, 2005) and the whistle repertoire has been partly described for the north-
eastern North Island population, in the Bay of Islands (Snell 2000).

1.8.1 Luscinia

Luscinia is software that was written and maintained by the Department of Biological and
Experimental Psychology, in the School of Biological and Chemical Sciences at Queen
Mary University of London for bioacoustic measurement, analysis and archiving
(Lachlan 2007; http://rflachlan.github.io/Luscinia/). Acoustic recordings are stored

together with metadata about the location of the recording, who made them, and their
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measurements. The purpose of Luscinia is to provide a fast, flexible and reliable way to

semi-automatically measure acoustic signals.

Signals are measured using 15 acoustic parameters as contours and hierarchical
information of how complex signals are structured. It also implements a wide array of
analytical methods, from exporting summary statistics to the implementation of a
dynamic time warping algorithm, which allows for the comparison of disparate and

complex signals (Lachlan 2007).

To this date, Luscinia has primarily been used in ornithology (e.g. Geberzahn et al. 2009;
Greig et al. 2013; Halfwerk et al. 2012; Holveck et al. 2008; Lachlan et al. 2016; Prather
et al. 2010; Schwabl et al. 2015; Yorzinski 2014), but it has also been utilised during
studies of cichlids (Cichlidae; Verzijden et al. 2010) and dwarf mongoose (Helogale
parvula; Rubow et al. 2017a, 2017b). These studies assessed a range of bioacoustics,
such as song learning, vocal intersexual competition, environmental impacts on vocal
production, natural and sexual selection on vocal complexity and identification of
individuals (Geberzahn et al. 2009; Greig et al. 2013; Halfwerk et al. 2012; Holveck et al.
2008; Rubow et al. 2017b). The present study will utilise Luscinia as a method to take
measurements from bottlenose dolphin whistles and to semi-automatically classify

whistle types.

1.9 Citizen Science

The method of collecting data through citizen science is being utilised over an expanding
range of scientific disciplines (Bhattacharjee 2005; Bonney et al. 2009; Conrad &
Hilchey 2011; Cooper et al. 2014; Silvertown 2009). Citizen science involves collecting
data for scientific research by non-specialist volunteers (Bhattacharjee 2005; Silvertown
2009). The benefits of utilising citizen science include; the integration of public outreach
and the collection of simultaneous observations over large spatial and temporal scales
(Bhattacharjee 2005; Bonney et al. 2009; Conrad & Hilchey 2011; Cooper et al. 2007,
2014; Silvertown 2009).

The increased utilisation of citizen science has been facilitated by: easily accessable
technology (e.g. the internet and smartphones), the recognisation of free labour, skills,
computational power and finance, and in some cases, the requirement by funding
agencies to include public outreach related to the project (Cohn 2008; Silvertown 2009).
Concerns over the legitamcy of citizen science have risen, but many studies have

demonstrated that citizen science can collect data equal to that of experts when provided
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with protocols, training and over sight (Bonney et al. 2014; Danielsen et al. 2014; Davies
et al. 2013; Delaney et al. 2008; Edgar & Stuart-smith 2009; Fore et al. 2001; Foster-
smith & Evans 2003; Newman et al. 2003). Other studies have demonstrated that data
quality and spatial issues may be offset by improving sampling protocols (Edgar &
Stuart-smith 2009), data management (Crall et al. 2011), modifying project design
(Cooper 2014; Engel & Voshell 2002; Tregidgo et al. 2013) and filtering or subsampling
data to deal with error and uneven effort (Fink et al. 2010; Sullivan et al. 2014; Wiggins
& Crowston 2011; Wiggins et al. 2011).

Citizen science appears to be particularly suited to ecological research, which is is often
labour intensive, but techically straight-forward (Foster-smith & Evans 2003). Studies of
cetaceans using citizen science (or at least the term ‘citizen science’) are lacking in
published literature even though there are numerous websites dedicated to it (Appendix
1.1). However, in 1973 citizen science was utilised by enlisting a large network of
observers to review the cetaceans using Brittish waters (Evans 1980). Since then, a
number of theses and scientific papers have employed citizen science to monitor the
recovery of an injured bottlenose dolphin (Tursiops spp.; Bossley & Woolfall 2014),
investigate the the distribution of humpback whales (Megaptera novaeangliae; Bruce et
al. 2014) and delphinids (Giovos et al. 2016), monitor the occurrence of multiple coastal
cetacean species (Embling et al. 2015; Lodi & Tardin 2018), and catagorise vocalisations
from killer (Orinus orca) and pilot whales (Globicephala spp.; Shamir et al. 2014).
Citizen science could prove a key resource for the conservation of bottlenose dolphins in

New Zealand.

1.10 Conservation Status

Determining the global threat status of bottlenose dolphins has been hindered by their
extensive geographic range and historically unclear taxonomic status (Currey 2008;
Reeves & Leatherwood 1994; Reeves et al. 2003). Bottlenose dolphins were assessed as
Least Concern in 2008 on the IUCN Red List while Indo-Pacific bottlenose dolphins
have remained Data deficient (IUCN 2016). Presently no evidence suggests bottlenose
dolphins are threatened globally, however many regional populations are threatened with
anthropogenic impacts (Reeves et al. 2003). The bottlenose dolphins in New Zealand
were upgraded from Range Restricted to Nationally Endangered in 2009 due to the

apparent decline of two populations (Baker et al. 2010, 2016).
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1.11 Anthropogenic impacts

Cetaceans are faced with a wide range of anthropogenic threats. The increased use of
motorised transportation frequently brings humans and wildlife into contact, either
through direct physical contact or indirectly by posing greater anthropogenic noise.
Evidence suggests that the noise or presence of motorised water vessels causes cetaceans
to elicit avoidance behaviours such as: increased swimming speed (Marley et al. 2017;
Nowacek et al. 2001), longer dive durations (Janik & Thompson 1996; Ng & Leung
2003; Nowacek et al. 2001), heading changes (Au & Perryman 1982; Bas et al. 2017;
Nowacek et al. 2001; Schaffar et al. 2013), decreased inter-animal distance (Bejder et al.

1999; Nowacek et al. 2001), and increased breathing synchrony (Hastie et al. 2003).

Increased anthropogenic noise in the oceans is a growing concern as it can have an
impact on cetacean communication, disrupt behaviour, and even cause temporary hearing
loss (Hatch & Wright 2007; Shannon et al. 2016). Cetaceans often alter their acoustic
rates before, during or after exposure to anthropogenic noises, such as drilling, military
sonar or boat traffic (Blackwell et al. 2017; Buckstaff 2004; Rendell & Gordon 1999;
Van Parijs & Corkeron 2001) which may serve to improve information transmission
and/or facilitate group cohesion to a perceived threat (Tyack and Janik 2013). Acoustic
structures may also be modified when the noise level is not changing quickly enough or
the individual cannot wait to transmit the signal. Cetaceans have been reported to increase
the level of their call or alter frequency parameters of their acoustic signals in response to
anthropogenic noise (Gospi¢ & Picciulin 2016; Heiler et al. 2016; Lesage et al. 1999;
Papale et al. 2015; Parks et al. 2011; Scheifele et al. 2005). Furthermore, signals may be
altered to extend the length of calls (Wieland et al. 2010) or increase the number of
repetitions (Fristrup et al. 2003; Miller et al. 2000) during periods of increased noise.

Recreational vessels are perhaps the source of the greatest anthropogenic noise in coastal
waters, as boat noises range between 0.1 and 10kHz (Buckstaff 2004). This range
overlaps an important mode of dolphin communication; whistles, which generally range
from 2 to 25kHz (Boisseau 2004; Buckstaff 2004; Janik 2009). Animals will often
modify their behaviour in response to fluctuations in environmental noise by changing the
amplitude, call type, duration, repetition rate, and/or frequency of sounds produced
(Brumm & Slabbekoorn 2005; Buckstaff 2004; Holt et al. 2009, 2015; Lesage et al. 1999;
Scarpaci et al. 2000; Van Parijs & Corkeron 2001). The direction and type of acoustic
behavioural responses vary between species, but typical responses may enhance signal
detectability and group cohesion in a noisy environment. These acoustic responses could

have biological costs which may include increased detection by predators or competitors,
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degraded signal efficacy or function in social contexts as well as direct individual costs
such as increased energetic costs and altered metabolic demands (Holt et al. 2015). For
bottlenose dolphins living in coastal waters, the greatest source of anthropogenic noise

may originate from watercraft (Buckstaff 2004).

Bottlenose dolphins face a range of anthropogenic threats including entanglement in or
ingestion of fishing gear (Félix et al. 2017; Miketa et al. 2017; Powell & Wells 2011),
pollution (Balmer et al. 2018; Jepson et al. 2016), boat collisions (Dwyer et al. 2014;
Félix et al. 2017), and drive or harpoon fisheries (Butterworth et al. 2013; Oremus et al.
2015). Additionally, the impact that tourism has on cetaceans has also raised concerns
(Bas et al. 2017; Constantine et al. 2004; Filby et al. 2017; Lusseau et al. 2006; New et al.
2013; Parsons & Scarpaci 2016).

Declines in two populations of bottlenose dolphins in New Zealand are considered to be
contributed to largely by tourism and habitat change (Currey et al. 2009; Tezanos-Pinto et
al. 2013). The decline in Bay of Islands could be due to an increased mortality and/or low
recruitment or increased emigration (Tezanos-Pinto et al. 2013). GBI appears to be an
important area for the north-eastern North Island population, with large average group
sizes and high numbers of calves (Dwyer et al. 2014), it also lacks commercial whale and

dolphin watching tourism and has a perceived low level of disturbance.

1.12 Thesis Rationale and Structure

GBI has been identified as an important area for the north-eastern North Island
population, due to the year round use, larger than average group sizes and groups that
predominantly contain calves (Dwyer et al. 2014). It is vital to understand why GBI’s
waters are important to the bottlenose dolphins in order to avoid further decline to the
north-eastern North Island population through any anthropogenic impacts. Additionally,
recent advances in social media led this study to address how it may play a role in citizen
science. Citizen science was utilised to investigate the occurrence of bottlenose dolphins

in the IHG, an area which previously had little dedicated research.

This research aims to investigate the importance of GBI to the north-eastern North Island
population of bottlenose dolphins. Behavioural and acoustic sampling was undertaken on
a dedicated research vessel to provide an understanding of habitat selection. Improving
knowledge of habitat selection is crucial in the conservation efforts of the Nationally
Endangered bottlenose dolphins so that areas of importance can be recognised and

protected accordingly. Social media pages were monitored for reports, combined with
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dedicated research surveys along the Whangaparaoa and North Shore coastlines, in order
to assess the usefulness of citizen science in this area and the habitat use by bottlenose
dolphins in these waters. The use of social media in citizen science may provide a cost
effective means of collecting cetacean data within the Hauraki Gulf. Additionally,
examining the habitat use of the north-eastern North Island population of bottlenose
dolphins provides further understanding of their utilisation of waters outside of areas
previously assessed. Together, this research provides a better comprehension of the
ecology of the bottlenose dolphins that inhabit the waters of the Hauraki Gulf. The
information provided within this thesis may provide useful information for policy makers
and management agencies (e.g. Department of Conservation) to improve conservation
efforts directed towards the north-eastern North Island population of bottlenose dolphins
inhabiting GBI waters and the IHG.
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Chapter 2

Application of citizen science via
social media: a case study on
bottlenose dolphins (Tursiops

truncatus) in the Hauraki Gulf,

New Zealand.

A bottlenose dolphin being watched by members of the public that gathered at the beach
following citizen science reports of their presence.



2.1 Introduction

The utilisation of citizen science is expanding across a wide range of scientific
disciplines, including ecology and environmental science (Ballard et al. 2017,
Bhattacharjee 2005; Bonney et al. 2009; Conrad & Hilchey 2011; Cooper et al. 2014;
McKinley et al. 2017; Silvertown 2009). Citizen science is the collection of data for
scientific enquiry by non-specialist volunteers (Bhattacharjee 2005; Silvertown 2009). It
enlists the help of the public to collect large quantities of data across an array of habitats
and locations over large spatial and temporal scales (Bhattacharjee 2005; Bonney et al.
2009; Cooper et al. 2007). Citizen science data can be collected through various means,
such as paper (Spurr 2012) and digital website data forms (Gardiner et al. 2012), mobile
phone applications (Sequeira et al. 2014) or social media (Stafford et al. 2010).
Contributions from citizen scientists now provide a vast quantity of data, and projects
utilising citizen science have been remarkably successful in advancing scientific
knowledge (Bonney et al. 2009). However, citizen science is not a universally accepted
method for scientific investigation (Bonney et al. 2014), so the involvement of volunteers
in science is often poorly documented within the published literature (Fore et al. 2001).

The validation of citizen science data is required to ensure it is utilised appropriately, as
volunteer environmental monitoring has become a widespread and global activity
(Harvey 2006). The inadequate/incomplete data and monitoring by dedicated scientists
and government often impedes a comprehensive understanding of ecosystems. This void
is increasingly filled using citizen science and could supplement scarce resources (Conrad
& Hilchey 2011; Delaney et al. 2008). Citizen science can also bring publicity and
discourse to conservation issues (Bird et al. 2014; Pattengill-Semmens & Semmens
1990). For example, thousands of volunteers throughout the 20" century have
participated in a wide range of projects including; climate change, invasive species,
conservation biology, ecological restoration, water quality monitoring, and population
ecology (Bonney et al. 2009; Silvertown 2009). Citizen science has been used in ecology
to; measure air and light pollution (Kyba et al. 2013; Tregidgo et al. 2013), inspect
ecosystem rehabilitation (Gollan et al. 2012), map invasive species (Delaney et al. 2008;
Jordan et al. 2012) and monitor lady beetle (Coccinellidae), moth (Lepidoptera) and bee
(Apoidea) communities (Bates et al. 2013; Gardiner et al. 2012; Kremen et al. 2011).
Furthermore, citizen science has been applied specifically to marine mammal populations
to monitor distribution patterns of migrating humpback whales (Megaptera novaeangliae;
Bruce et al. 2014), measure the abundance of humpback whales (Tonachella et al. 2012),
classify acoustic data sets from pilot whales (Globicephala spp.) and killer whales

(Orcinus orca; Shamir et al. 2014), monitor an injured individual Tursiops spp. (Bossley
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& Woolfall 2014), measure spatial trends of harbour porpoises (Phocoena phoceona;
Camphuysen 2011) and monitor the occurrence of bottlenose dolphins (Tursiops
truncatus; Bristow et al. 2001; Embling et al. 2015).

Citizen science studies could be utilised as a cost effective means of collecting data on
coastal cetaceans in shore based studies. Shore based surveys are limited spatially to areas
close to land but they can be a cost effective means to gather occurrence data of cetaceans
at coastal locations (Evans & Hammond 2004; Pierpoint et al. 2009). These surveys are
also less invasive and do not disturb the behaviour of the study animals, and because of
their cost effectiveness they can allow for long-term monitoring (Embling et al. 2015).
Shore based surveys have been employed previously in different Tursiops spp. studies to
guantify the effects of boat disturbance on foraging activity (Pirotta et al. 2015),
investigate habitat use and the effects of boat traffic (Sini et al. 2005), determine
movement patterns and foraging areas (Bailey & Thompson 2006), and in photo-
identification studies to determine site fidelity and habitat use (Levesque et al. 2016;
Vermeulen et al. 2016). Citizen science has also begun to utilise land based surveys to
identify habitat use (Bristow et al. 2001) and occurrence (Embling et al. 2015) of
bottlenose dolphins.

Data collected during shore based observations could be collected and shared through
social media platforms as a tool of citizen science. With the advantage of geo-tagging on
most social media platforms, scientists could take advantage of information uploaded to
these platforms (Bonney et al. 2009). Indeed, there is the potential for these platforms to
report cetacean distribution data (Giovos et al. 2016). Studies collecting conservation data
through social media have utilised photographs taken by locals and tourists to estimate
the supply and demand of ecosystem services, particularly with regards to tourism
(Gliozzo et al. 2016; Keeler et al. 2015; Martinez Pastur et al. 2016; Sonter et al. 2016;
Tenerelli et al. 2016; Tieskens et al. 2017; Wood et al. 2013; Yoshimura & Hiura 2017).

The social media website and smart phone application, Facebook, had over 1.28 billion
daily active users on average for March 2017 (Facebook, 2017) and it was reported in
2015 that on average, over 2 million New Zealanders used Facebook daily (Pelea 2015).
A Facebook group was initially established by a member of the public in 2014, with the
primary purpose of reporting live sightings of marine mammals, particularly dolphins,
around the Whangaparaoa coastline, North Island, New Zealand. These sightings were
primarily reported and shared by observers who typically have no access to boats, but
could view cetaceans from land. This group started reporting semi-consistent sightings of

dolphins in an area not previously considered important, since dedicated research on
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cetaceans within the area concentrated on the deeper waters of the Hauraki Gulf. A
second group, also established in 2014, covers the area south of Whangaparaoa, along the
North Shore of Auckland City. Although these groups were not established for the
specific purpose of citizen science, this study assesses their usefulness as a citizen science
platform by determining what data can be reliably extracted from reported sightings. This
was undertaken via a comparison with data collected from a dedicated research vessel
and a platform of opportunity to determine how representative citizen science reports may
be and thus, how useful social media can be in areas for which otherwise are not subject
to any dedicated study or surveys.

The inner Hauraki Gulf (IHG), on the north-east coast of the North Island, has received
no dedicated research focused on bottlenose dolphins, though two studies based on a
platform of opportunity (Berghan et al. 2008; Martinez et al. 2010) and one dedicated
spatial study focused on a range of cetaceans in the area (Dwyer 2014; Dwyer et al. 2014,
2016), did offer the first insights into the potential use of the region by bottlenose
dolphins. Sightings of bottlenose dolphins within the region appear more prevalent in
winter (Berghan et al. 2008; Dwyer et al. 2016; Martinez et al. 2010), with at least 70%
of bottlenose individuals resighted at least once in the Hauraki Gulf (Berghan et al. 2008).
Nonetheless, it remains unclear to what extent bottlenose dolphins utilise the IHG. As
former studies in the Hauraki Gulf have been limited to small portions of the gulf per day
(Dwyer 2014), citizen science may assist in addressing the spatial paucity of coverage in
this region (Hann 2015). The Hauraki Gulf also supports two other delphinid species;
common dolphins (Delphinus sp.) and killer whales (Dwyer et al. 2016; Hupman et al.
2014; Stockin, Pierce et al. 2008, 2009; Visser 1999). Though the focus of this study was
bottlenose dolphins, data provided by citizen science on these other two species were
collected and further used to assess the ability of citizen scientists to identify species

accurately.

The aim of this study was to assess the usefulness of citizen science data collected via
social media in cetacean research and to utilise this data to determine the occurrence and
minimal range of bottlenose dolphins along the western coastline of the Hauraki Gulf,

New Zealand. Specifically, the objectives were to:

1) Examine the usefulness of citizen science data by assessing the accuracy
of species identification and the degree of additional data reported with each

sighting.
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2) Assess the quality of data collected via Facebook groups by comparison
of sightings data collected via opportunistic and systematic boat surveys
operating in the same region concurrently.

3) Identify inherent biases that occur in non-effort related citizen science
data by assessing reports temporally and spatially.

4) Determine the use of coastal inner gulf waters by bottlenose dolphins
along the Whangaparaoa and North Shore coastline via a combination of citizen
science reports and systematic surveys.

2.2 Methods

2.2.1 Study area

The Whangaparaoa and North Shore coastlines are located in the western Hauraki Gulf,
New Zealand. All waters up to 2km offshore between Hatfields Beach (36°33°51S
174°42°45) to North Head (36°39°48S 174°48°49E) made up the primary study area
(Figure 2.1) and encompass ca. 97km?. This study area consisted of relatively shallow
water, whereby the maximum depth did not exceed 30m (Chart NZ 5321, Land

Information New Zealand).

The Whangaparaoa and North Shore areas surveyed have an urban or suburban periphery,
with coastlines characterised by a number of sandy shallow embayments which are
interrupted by rocky shoreline. The Whangaparaoa and North Shore coastlines fall into
two Local Board Areas (“Hibiscus Coast and Bays” and ‘“Devonport-Takapuna™) for
which the 2013 census reported a total population of 145,299 individuals (Statistics New
Zealand 2013). The suburbs that make up make the Whangaparaoa survey area have a
population of 40,380 individuals with a median age of 41, while the North Shore suburbs

along the survey area have a population of 61,998 and a median age of 42.
2.2.2 Data collection

2.2.2.1 Citizen science

Members of the public reported their sightings on the Facebook groups in ‘posts’
(hereafter referred to as reports). A Facebook group is a page created within the social
media network for people to share their common interests and express opinions. Two
Facebook pages, Whale & Dolphin Watch Whangaparaca (WDWW) and Whale and
Dolphin Watch — North Shore (WDWNS) were used in this study. WDWW currently has
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over 2800 members while the WDWNS group has over 1300 members. Figure 2.1
displays the approximate reporting range for the target of each group, based on the
reports previously posted, which determined the study area mentioned above. The reports
posted to these Facebook groups may be in the form of a written message and/or contain
photographs or videos that other members of the group can see and make ‘comments’ on.

These reports are conveniently time stamped when they are posted to the group.

Hatfields Beach
.

® Whangaparaoa Peninsula

Hauraki Gulf

Auckland City ' ®

North Shbre .

%
"

North Head

Figure 2.1 The approximate target area for the Facebook groups along the Whangaparaoa and
North Shore Coastline, New Zealand. The red outline indicates the target coastline for
WDWW and yellow line indicates the target coastline for WDWNS.

Data from the reports between April 2015 to July 2016 were manually entered into an
excel spreadsheet. The information recorded from reports lodged by the public include:
date, time, location, species, description of dolphins, group size, group composition,
behaviour and direction of travel. The Facebook group that the report was logged in and
the species identity as determined by the researcher were also recorded. Researchers were
employed as volunteers to assist in recording and assessing details reported by citizen
scientists. Each researcher was required to have a minimum qualification of a Bachelor of
Science degree majoring in marine sciences (or other relevant degree) and received

training on data collection.
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Species confirmation in the field by researchers was often not possible and thus was

determined by the following methods;

1. Photographic or video evidence

2. An observer rating system to assess the reliability of the individual’s capacity to
correctly identify species based on their expected experience and/or education
given their occupation (Table 2.1)

3. A description provided by the observer of the dolphins’ behaviour and
appearance assessed against the criteria for each species (Table 2.2)

4. ldentification validated by nearby reports of confirmed sightings (based on
direction of travel reported and on the temporal and spatial scale is it reasonable

to assume that it is the same group of animals being tracked)

It is expected that observers considered Expert required a certain level of education
and/or experience to perform their role in their given occupation (Table 2.2). For
example, it was expected that a Department of Conservation marine ranger would have
the ability to identify common species of cetacean in their given area to adequately
perform their duties. Observers rated as Naturalist were not expected to have the ability
to identify common species of cetacean in their local waters as a requirement for their
profession, but instead it arises from a high level of personal interest or experience with
the animals. For example, a professional boat skipper who has spent many hours working
in the Hauraki Gulf would likely have had numerous encounters with the cetaceans
inhabiting those waters and know the difference between key species. The General
Public were observers who had little experience or education identifying different species
of cetaceans and were therefore, less likely to be able to correctly classify the species
observed. An observer’s experience information was obtained either through a review of
their biography section on their Facebook profile or via personal contact. If an observer’s

personal information could not be verified, they were given a rating of three.
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Table 2.1 Observer rating based on their experience with cetaceans. Only observers with a
rating of 2 or above were considered to reliably identify species.

1 Expert Someone whose professional career has required detailed
identification knowledge of cetacean species (e.g. a marine
scientist, marine ranger)

2 Naturalist A person experienced with cetacean recognition whose
career does not require detailed identification knowledge
(e.g. professional boat skippers, amateur wildlife

photographer)
3 General Untrained with little or no experience in cetacean
Public identification

When a citizen scientist provided a description of the animals observed, a combination of
features was often used to identify the species (Table 2.2). Given that bottlenose dolphins
are frequently performers of aerial behavioural events such as breaching, side slaps, etc.
(Shirihai 2006), this was an identifying feature that was used with high confidence. Other
species of delphinid known to occur within the region (common dolphins and killer
whales) rarely exhibit this behaviour. The known distribution of bottlenose dolphins
usually means they can be found inhabiting shallow waters close to the shoreline (Wiirsig
& Wirsig 1979). This is contrasted with the known distribution of common dolphins in
the Hauraki Gulf, which typically occur in deep waters further from shore (Dwyer et al.
2016; Stockin, Pierce et al. 2008).

The identifying features that held the least confidence were the pigmentation and size
descriptions of the dolphins. Nonetheless, it could be reasonably assumed that a dolphin
described with a dark dorsum and white ventrum that was large and robust relative to
human beings, was a bottlenose dolphin (Shirihai 2006). This was assumed since; 1)
killer whales are especially identifiable given their distinct pigmentation and pronounced
sexually dimorphic dorsal fin and rounded pectoral fin (Shirihai 2006) and; 2) common
dolphins are notably shorter and more slender than bottlenose dolphins, featuring a

yellow hour glass pattern (Perrin 2002; Shirihai 2006).
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Table 2.2 Species identification and features used by citizen scientists in descriptions
provided in reports of sightings from the Whangaparaoa and North Shore coastline, New
Zealand.

Species Identifying Features
Bottlenose dolphin - Often observed side slapping and breaching
(Tursiops truncatus) - Often located close to shore in shallow waters

- Large body size
- Light/dark grey pigmentation on dorsum fading

to a white ventrum

Common dolphin - Often located further from shore in deeper waters
(Delphinus sp.) - Black, grey, yellow and white ‘hourglass’
pigmentation

- Small body size

Killer whale - Contrasting black and white pigmentation with
(Orcinus orca) white ‘saddle’ and eye patch
- Pronounced sexually dimorphic male dorsal fin

- Circular pectoral fin

Only sightings within the study area were selected for this study (Figure 2.1). Reports
were recorded from April 2015 to July 2016. A ‘post’ was pinned to the top of the
Facebook pages by the group administrators for all members to read, whereby members
were asked to provide the details listed above in each report. If a member reported a
sighting without a photo or description, they were prompted to provide this additional

information where available in the comments section.

To assess the accuracy of data entered into Facebook groups, data collected (as described
below) during a systematic survey on a dedicated research vessel (Aihe II) and
opportunistically from a non-systematic tour vessel (Dolphin Explorer) were used for
comparison. Only data collected from Aihe Il and Dolphin Explorer during the same time

period of the citizen science reports were used in this comparative assessment.

2.2.2.2 Research Vessel

Systematic surveys were conducted between April 2015 to July 2016, to assess the
effectiveness of citizen science in identifying species and detecting the occurrence, group
size, and behaviour of bottlenose dolphins. Surveys were conducted on research vessel
(RV) Aihe I, a 4.8m aluminium boat powered by a 120hp four-stroke outboard engine

(Figure 2.2). Each survey occurred twice monthly when conditions allowed; a northern
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survey, which included the coastline from Whangaparaoa Peninsula (36°37S 174°44E)
north to Hatfield’s Beach, and a southern survey, targeting the North Shore coastline
from Gulf Harbour Marina (36°37°39S 174°47°28E) to North Head (36°39°48S
174°48°49E).

Figure 2.2 Research vessel; Aihe I1. Photo: Dr K. Hupman

Systematic surveys were focused ca. 1km from the coastline, as this was considered the
distance cetaceans could be reliably identified with binoculars (Karczmarski et al. 2000;
Stockin et al. 2006). Each survey consisted of two search lines (hereafter referred to as
‘transects’) which ran parallel to the shoreline at a distance of approximately 0.5km and
1.5km, while the RV maintained a speed between 5 to 10kts while on-effort. These
distances were chosen to achieve adequate coverage of the predicted area that can be
surveyed from shore and includes areas that are commonly overlooked by the local tour
boat (Hupman et al. 2014). The distance from shore for the first transect of each survey
was randomly selected using a random number generator in Microsoft Excel, to generate
either a 1 or 2. If a 1 was generated, then the 0.5km transect was surveyed first and
subsequently the 1.5km transect was surveyed upon completion of the first, and vice
versa if a 2 was generated.

Environmental data were collected throughout the survey every 15 minutes (Peters &
Stockin 2016), with parameters adapted from Neumann (2001b) to include weather
conditions, Beaufort Sea State, visibility (glare), sea surface temperature (SST; £0.1°C),

27



swell (m) and depth (£0.1m). An on-board thermometer and depth sounder was used to
record SST and depth.

Once a group of animals was located, the RV departed the survey route to begin focal
follows. Dolphins located within a 200m radius, observed moving in the same direction,
and (usually) engaged in the same behaviour, were deemed to be part of the same group
(Stockin et al. 2009). This methodology included the decision rule to remain with the
largest group when one or more individuals departed the original focal group (Stockin et
al. 2009). Once a focal group or animal was sighted, the RV approached the animal(s) in
accordance to the Marine Mammal Protection Regulations (1992), i.e. maintaining a
speed below 10kts within 300m of a dolphin. Once within 400m of an animal, the vessel
speed was reduced to ~5kt. Once the focal group were within ca. 100m of the vessel, an
‘encounter’ was commenced. The research boat was carefully manoeuvred to minimise
its potential effects on the behaviour of the dolphins during data collection (Constantine
et al. 2004). This involved approaching the pod from the side or behind and driving the
boat to match the speed of the focal group. During periods where the pod had no overall

movement, the engine was switched into neutral or switched off.

Once an encounter was commenced, initial parameters were recorded. The latitude and
longitude were recorded using a Samsung Galaxy Mini Smartphone every 30 seconds
with CyberTracker software (Version 3.440 CyberTracker Conservation 2013).
Behavioural state was recorded every 3 minutes using focal-group scan sampling
(Altmann 1974). All individuals of the focal group were scanned left-to-right to
determine the behavioural state that >50% of the animals were engaged in. Ensuring the
inclusion of all the animals in the group reduces potential bias caused by the observer
being drawn to specific individuals or behaviours (Mann 1999). Behaviour occurring at
the surface is assumed to be representative of subsurface behaviour (Baird & Dill 1996).
All represented behaviours were recorded if an equal percentage of individuals are
engaged in different behaviours within a group (Stockin et al. 2009). Behavioural state
definitions are adapted from Constantine (2002), Constantine et al. (2004) and Peters &
Stockin (2016) to allow direct comparisons (Table 2.3). The research boat was not
included as a vessel interacting with the focal group as the changes in behavioural state
that were measured occurred over and above the effect of the research boat (Constantine
et al. 2004; Nowacek et al. 2001).
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Table 2.3 Behavioural states of bottlenose dolphin (Tursiops truncatus) groups, defined from
Constantine 2002; Constantine et al. 2004; Peter & Stockin 2016.

Behavioural state

Definition

Foraging

Milling

Resting

Socialising

Travelling

Dolphins involved in any effort to pursue, capture and/or consume
prey, as defined by observations of fish chasing (herding), co-
ordinated deep and/or long diving and rapid circle swimming.
Diving may also be performed i.e. arching their backs at the surface
to increase their speed of descent. Dolphins show repeated
unsynchronised dives in different directions in a determined
location. High number of non-coordinated re-entry leaps, rapid
changes in direction and long dives are observed.

Dolphins exhibit non-directional movements; frequent changes in
bearing prevent animals from making headway in any specific
direction. Different individuals within a group can swim in different
directions at a given time, but their frequent directional changes
keep them together. Milling can be associated with feeding and
socialising.

Dolphins observed in a tight group (> 1 body length apart), engaged
in slow manoeuvres with little evidence of forward propulsion.
Surfacing appear slow and are generally more predictable (often
synchronous) than those observed in other behavioural states.

Dolphins observed in inter-individual interaction events among
members of the group such as social rub, aggressiveness, chasing,
mating and/or engaged in any other physical contact with other
dolphins (excluding mother-calf pairs). Aerial behavioural events
such as horizontal and vertical jumps are frequently observed.

Dolphins engaged in persistent, directional movement making
noticeable headway along a specific compass bearing.

Group size, dispersal, group heading and the number and type of vessels present were

also recorded every 3 minutes. Group sizes were recorded by the absolute minimum

number of individuals counted, the maximum number of animals believed could be in the

group, and the best estimate for the most likely number in the group (Dwyer et al. 2014).

Group dispersal was defined as:

- State 1: dolphins 0 - 2 dolphin body lengths apart

- State 2: dolphins >2-5 dolphin body lengths apart

- State 3: dolphins >5-10 dolphin body lengths apart

- State 4: dolphins >10 dolphin body lengths apart
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Group composition (Table 2.4) was determined by listing the absolute minimum number
of individuals belonging to each age class defined by Constantine (2002) for Tursiops and
adapted by Dwyer (2016) and Peters & Stockin (2016).

Table 2.4 Definitions of age classes for bottlenose dolphin (Tursiops truncatus) New Zealand
(defined from Cockcroft & Ross 1989; Mann et al. 2000; Mann & Smuts 1999).

Age Definition
classes

Neonate Classified by the presence of obvious dorso-ventral foetal folds down their
sides. They also displayed poor motor skills and were often uncoordinated
upon surfacing to breathe. The neonate stage usually lasts up to 3 months
of age.

Calf Defined as individuals that were approximately one-half or less (i.e.,
1.5m) the size of an adult and were closely associated with an adult, often
swimming in ‘infant position’ (i.e., in contact under the mother). Calves
were thought to be up to 3 - 4 years of age.

Juvenile Approximately two-thirds (i.e., 2.0 - 2.5 m) the size of an adult and were
frequently observed swimming in association with their mothers but were
never observed swimming in 'infant position' (i.e., in contact under the
mother), suggesting they had been weaned. Upon reaching sexual maturity
(for females this was often indicated by close association with a calf),
individuals were no longer classed as juveniles.

Adult All individuals (including assumed mothers) that were fully grown, i.e.,
equal or greater than 3m in total body length

An encounter (and subsequent data collection) was terminated when the decision was
made to leave the group of animals. The choice to depart was prompted by; changes in
the animals behaviour (e.g. predator avoidance type behaviours), deteriorating weather
conditions, low fuel reserves, dusk was approaching or contact with focal group was lost
(Hupman 2016). The end time and GPS location was noted for each encounter. Once the
encounter was terminated, the RV continued the systematic survey from the location it
departed the transect. Additionally, the RV responded opportunistically to reports of
bottlenose dolphins on independent days and during systematic surveys in the coastal

region to confirm species identity and collect data.

2.2.2.3 Platform of Opportunity

Auckland Whale and Dolphin Safari’s boat, Dolphin Explorer (DE), offered a platform of
opportunity (POP) to collect bottlenose dolphin identification and occurrence data for
comparison to the citizen science data. DE is a 20m catamaran powered by twin 350hp

inboard engines (Figure 2.3). Their trips were based on previous sightings of cetaceans
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and usually targeted common dolphins and Bryde’s whales (Balaenoptera edeni) in the
deeper waters of the Hauraki Gulf. Nevertheless, DE had the potential to encounter
bottlenose dolphins in areas neighbouring the study area as they travelled to deeper
waters, such as; Auckland Harbour (south of the North Shore survey area), the Rangitoto
Channel (parallel to the North Shore survey area) or around Tiritiri Matangi Island
(adjacent to the tip of the Whangaparaoa Peninsula). Furthermore, DE would follow
reports through the citizen science group within the study area. Trips departed from
Auckland Viaduct at 1230h to 1700h from April 1% to September 30" and 1330h to 1800h
from October 1% to March 31%. This commercial whale and dolphin watching boat
records encounter data (including species, location, group and composition) which was
used to assist with the bottlenose dolphins’ verification within the reported vicinity of
unconfirmed citizen science reports from April 2015 to July 2016. The distance that
dolphins travelled from a citizen science report, that it was considered reasonable to
assume was the same group encountered by DE, was approximately 1.2km, within an

hour of the report (based on a minimum travelling speed of 1.2km/h; Mate et al. 1995).

Figure 2.3 Platform of opportunity; Dolphin Explorer. Photo: Dr K. Hupman.

2.2.3 Data Analysis

Due to the limited nature of the data collected, only descriptive statistics and summaries
are provided in this chapter. All sightings reported via Facebook were examined as a
source of citizen science. The delphinid species identified on Facebook was assessed

against RV and POP encounters and the description also provided in the report based on
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the criteria in Table 2.2. This assessment provided means to evaluate the accuracy of the
observer’s species classification. Independent reports were plotted on a map using Google
Earth Pro (V7.1.7.2600) and compared to RV encounters to identify if detection varies
within any regions of the study area. To avoid pseudo replication, independent reports
were considered as the first confirmed sighting within a 24h period and duplicate
sightings thereafter were removed from analysis. The frequency of each type of species

confirmation method was also examined to identify which ones were the most useful.

Dolphin group size estimates reported by citizen scientists were presumed to be
comparable to the best estimates, described above, made by the researchers. Direct
comparisons between citizen scientist and researcher estimates were often not possible as
estimates were rarely synchronous. Behavioural state and group composition were often

not reported by citizens and thus could not be compared to data collected by researchers.

The total number of bottlenose dolphin reports was assessed by season and time of day to
examine any temporal bias in effort that may occur as a consequence of using citizen
science. Austral seasons were defined as: spring (September to November), summer
(December to February), autumn (March to May) and winter (June to August). The time
for each confirmed report was put into a time period; either morning (0500h to 1159h),
afternoon (1200h to 1659h), or evening (1700h to 2100h). Each time period was assessed
per season, seven reports were not used as precise time was not reported. The number of

reports was also plotted per location to assess spatial observer bias.

To examine how often bottlenose dolphins occurred within the study area, the number of
days with confirmed sightings was calculated for independent reports from the citizen
science reports. Using all confirmed reports, the mean number of sightings per day was
calculated to gain an idea of how often dolphins were sighted in the study area. The
behavioural data recorded by the RV was plotted in a behavioural budget to complement
the data collected by citizen scientists to aid understanding of how bottlenose dolphins

use the Whangaparaoa and North Shore coastlines.

2.3 Results

2.3.1 Effort

A total of 260 sightings of bottlenose dolphins were reported during April 2015 to July
2016 by citizen scientists in the Facebook groups, 42 of which were independent. The RV

travelled over 3,900km in total around the western coastline of the Hauraki Gulf in
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273.8h, during 58 days from April 2015 to July 2016. A total of 93 transects were
conducted during systematic surveys on 47 days, covering 2,390km in 107h (Figure 2.4).

Transects often had to be altered to avoid other boat traffic.

Hatfields N

Beach Whangaparaoa A
\ Peninsula

Marina

Figure 2.4 Search effort of the research vessel along the Whangaparaoa and North Shore
coastline, New Zealand.

2.3.2 Usefulness of Social Media

During the study period there were a mean number of confirmed bottlenose dolphin
reports of 0.28 (SD=1.26) per day. Observer’s identification of species was only
considered valid if the observer’s rating was above two, due to the public’s general
unfamiliarity with each species. A total of 191 (73.5%) reports did not identify a species
and often only reported “dolphins”. In approximately a third of the reports (n=65)
whereby the species was not reported, the identity of the species was unable to be

determined. For citizen science reports, exact GPS coordinates were not reported, only
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the general location names were given with the approximate location of the animals
within the named bay. Given the lack of specific coordinates, the reports were plotted on

the map in the central point of each bay area for comparison (Figure 2.6; 2.7).

Citizen scientists reported all three of the species commonly observed in the Hauraki
Gulf. Killer whales were the species most identified by citizen scientists, while common
dolphins were only identified in five reports (Table 2.5). Each common dolphin
classification was a misidentification by the citizen scientists. Bottlenose dolphins were
not frequently identified but occurred in the highest number of reports as classified by

researchers.

Table 2.5 Species identified by citizen scientists; Reported = the number of observations
reported as the identified species, Confirmed = the number of reports confirmed as the
identified species, Misidentified = the number of reports that classified that species but were
incorrect, and Not Classified =the number of reports where the species was not classified but
later identified by researchers.

Not
Species Reported Confirmed  Misidentified -
Classified
Bottlenose dolphin
] 15 10 2 123
(Tursiops truncatus)
Common dolphin 5 0 5 0
(Delphinus sp.)
Killer whale 49 42 0 0

(Orcinus orca)

Researcher confirmation was the highest method of species validation (34.8%), closely
followed by Nearby Reports (27.4%) and then Photo/Video evidence (23.7%; Figure 2.5).
Observers who were deemed experienced enough (Table 2.1) to verify species identity

reported very few sightings (3.7%).
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Figure 2.5 Confirmation methods used to verify social media reports of bottlenose dolphin
(Tursiops truncatus) along the Whangaparaoa and North Shore coastline, New Zealand.

2.3.3 Citizen Science Data Quality

Reports determined to be bottlenose dolphins were reported over 42 days. The RV had a
total of 13 sightings of bottlenose dolphins (Table 2.6), eight of which were following
reports from the citizen science group. Only two sightings from the RV were not detected
by the citizen science groups and both of these sightings were detected close to the 500m
transect. The POP encountered bottlenose dolphins on 18 trips out of total of 246 from
April 2015 to July 2016 (Table 2.6), and only two were not reported by the citizen
science groups (one of which was detected by the RV).
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Table 2.6 The number of days with encounters of bottlenose dolphins between April
2015 and July 2016 along the western Hauraki Gulf coastline, New Zealand, for the
research vessel and platform of opportunity when compared to independent citizen
science reports. Detected = the number of encounters on days that citizen science reported
bottlenose dolphins, Undetected = the number of days with encounters that were within
the determined range for detection by citizen scientists, but were not reported, Too
Distant = the number days with encounters that were considered too far from the coast to
be detected by citizen scientists, No GPS = the number of days with encounters that were
not detected by citizen scientists and lack GPS coordinates.

Detected Undetected Too Distant No GPS Total
RV 11 2 0 NA 13
POP 7 2 7 2 18

There were fewer sightings in the North Shore area compared to the Whangaparaoa area
(Figures 2.6 & 2.7). Sightings in the North Shore area were concentrated towards the
northern area of coastline, with Browns Bay having the highest number of sightings
(Figure 2.6). Arkles Bay had the highest number of sightings in the Whangaparaoa area

but, sightings occurred almost throughout the entire area (Figure 2.7).
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GA, GEBCO,

Figure 2.7 Independent sightings of bottlenose dolphins in the estimated North Shore Facebook Group region, New Zealand, through citizen science and the
research vessel. Yellow markers indicate citizen science sightings and the blue marks indicate research boat sightings whereby the animals were also
reported through citizen science on the same day. The number represents the frequency count of independent sightings in that area.
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There were no reports over summer by citizen science and no encounters for the RV,
however the POP had two encounters (Figure 2.8). It should be noted that these
encounters occurred in depths greater than 25m, further from shore. The percentages of
sightings were similar across all methods for autumn and spring, though it varied in
winter. The number of citizen science reports ranged from 1 in a day to 16. Over 92%
(n=39) of days had less than five reports. All of the days with over five reports occurred

in spring.

H Citizen Science

20,0 n=5 n=16 n=>5 Research Vessel

M Platform of
Opportunity

Percentage of Sightings

Autum Winter Spring Summer

Austral Season

Figure 2.8 Percentage of independent sightings reported by each data collection method for
each season along the Whangaparaoa and North Shore coastlines, New Zealand.

Group size was often reported (n=89), with estimates ranging from 1 to 30 animals
(median=6, mean=7.1, SD=5.4). Notably, 93.3% (n=83) of sightings reported contained
less than 16 dolphins. It was only possible to compare 14 reports of group size with the
estimates from the RV. Citizen scientists’ estimates were often below those made by an
independent researcher (78.5%, n=11), with a mean difference of 7.86 (SD = 8.0)
animals. Group size estimates for the RV range from 2 to 35 (median=15, mean=13.8,
SD=10.1) and 76.9% of groups contained less than 16 dolphins. Only three reports
through citizen science listed the behaviour synchronously to the RV; two reported as
milling while the RV observed resting. The third report matched the behaviour (travel)
reported by the RV. The RV did not observe any bottlenose dolphin groups during the
time that any citizen science groups reported calves, thus no comparisons can be made for

group composition.
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2.3.4 Citizen Science Biases

It appears there may be some bias in the total number of sightings by season and location.
The total number of citizen science reports was higher during spring than any other

season (Figure 2.9).
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Figure 2.9 The percentage of total bottlenose dolphin reports made by citizen scientists for
each austral season.

There were less reports during the evening (n=19) than the morning (n=54) and afternoon
(n=55). Spring had the highest proportion of afternoon sightings, followed by morning
and evening while autumn and winter had the highest number of sightings in the morning,

followed by afternoon and evening (Figure 2.10).
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Figure 2.10 The percentage of sightings of bottlenose dolphins (Tursiops truncatus) reported
in the Facebook groups within each time period within each season along the Whangaparaoa
and North Shore coastlines, New Zealand.

Stanmore Bay, Big Manly Beach, Tindalls Beach and Torbay identified high numbers of
reports during spring (Figure 2.11). The number of sightings at Little Manly Beach was
elevated during winter, while sightings at Arkles Bay were high during winter and
autumn. It should be noted that during spring; in one day (20" of September 2015), the
dolphins were reported 8 of the 10 times between Big Manly and Tindalls Bay (which are
located less than 200m apart, figure 2.11) between 1136h and 1744h. On 3" of October
2015, 12 reports occurred, six of these were from Tindalls Bay between 15:05h to 16:01h,
where by the further six reports were recorded over five different locations, effectively
tracking the animals north from 1648h to 1815h. During 6" of September 2015, 13
reports occurred, with dolphins observed at Torbay 12 times between 1207h to 1733h.
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2.3.5 Habitat Use

Bottlenose dolphins were only sighted (by any method; citizen science, RV, and POP) on
11.5% of the total number of days in the survey period. Figure 2.8 indicates that the
number of independent sightings were relatively even between autumn, winter and spring
while bottlenose dolphins were rarely seen in summer. Bottlenose dolphins were often
observed moving through the study area; on over half (66.7%) of the days that dolphins
were sighted by citizen scientists, reports came from multiple locations and the mean
number of locations reported per day was 1.98 (SD=0.98). Bottlenose dolphins spent an
extended period of time in a single area on just three independent days (5.4%). These
areas were Big Manly to Tindalls Beach, Tindalls Beach and Torbay. During encounters
with the RV, bottlenose dolphins spent the most time engaged in travelling while foraging

was the least recorded behavioural state (Figure 2.12).
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Figure 2.12 Behavioural budget for bottlenose dolphins during focal follows by the research
vessel around the Whangaparaoa and North Shore coastline, New Zealand.

2.4 Discussion

Citizen science is a growing method of data collection, especially over large spatial and
temporal scales. It has been useful in advancing scientific knowledge, although it is not
universally accepted (Bird et al. 2014; Bonney et al. 2014). Validating citizen science is
crucial to cement its role in science as well as for ensuring data quality for each project.
Citizen science supplements scarce resources and fills the void of incomplete/inadequate
data sets. In this study, an opportunity arose to collect citizen science data through

Facebook groups dedicated to sighting cetaceans around the Whangaparaoa and North
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Shore coastline in the Hauraki Gulf. These groups have provided a large number of
bottlenose dolphin reports in an area previously lacking dedicated surveys. This chapter
assessed the quality of data collected through Facebook and compared it to that collected
via a RV and POP. It also utilised that data to evaluate bottlenose dolphin occurrence in

the area.

2.4.1 Quality and Bias

Citizen science often has multiple biases and this study attempted to acknowledge and
minimise them during the analysis. Four main categories of bias have been identified
from citizen scientist recording activity; 1) uneven recording intensity over time, 2)
uneven spatial coverage, 3) uneven sampling effort per visit, 4) variability in detection
skills among volunteers (Geldmann et al. 2016; Isaac et al. 2014; Xue et al. 2016). A
problem using passive citizen scientists rather than active volunteers is that it was not
possible to examine biases in uneven sampling effort or detection skills. These findings
were similar to those of Lodi and Tardin (2018) who also used opportunistic citizen
science reports of cetaceans through Facebook.

One obvious bias in the present study is the number of members in each Facebook group.
The Whangaparaoa group had over double the number of members than the North Shore
group at the time of writing this. This means there are more people that are reporting their
sightings to the group in the Whangaparaoa area. This may account for the higher number
of sightings in the Whangaparaoa area compared to the North Shore.

Overall, the number of confirmed sightings per day was low. This likely reflects the
limited spatial scale of the study rather than a large number of undetected animals, as the
study area makes up just a small portion of the Hauraki Gulf. The citizen science data
collected through Facebook groups lead to more reports than were possible from the RV
during the study period, this owing primarily to unfavourable weather conditions to
operate the RV. This is consistent with another study that also used opportunistic data
collected through a Facebook group, in which volunteers not only reported more
encounters, but detected a higher number of species than the research vessel (Lodi &
Tardin 2018). The identification of species was notably the largest issue in the data of the
present study. Killer whales appear to be easily distinguished by citizen members of the
group, with only a few reports remaining unconfirmed. Observers were generally more
familiar with Killer whales as a species, likely due to their distinctive appearance and
elevated publicity via organizations such as the Orca Research Trust

(http://www.orcaresearch.org/). Killer whale sightings also typically attracted a larger
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crowd compared with other smaller delphinids, leading to further reports and photographs
that increased the chances of species verification. In contrast, citizen scientists were less
capable of identifying bottlenose and common dolphins, with either species rarely
identified. Instead, citizen scientists simply reported “dolphins”. Common dolphins were
rarely reported which is expected given the known distribution of this species in the
Hauraki Gulf (Dwyer et al. 2016; Stockin, Pierce et al. 2008), but each time they were
reported it was later identified that they were bottlenose dolphins. In fact, there were no
confirmed sightings of common dolphins during land based reports.

The number of experienced citizen scientists qualified to report verified species identity
was very low and therefore this method was not reliable alone for confirmation (Figure
2.5). Photographic and video evidence was the most reliable method of verifying species,
although on occasion, compromised quality of images still rendered species unconfirmed.
Researcher confirmation was the most utilised form of species verification. This method
did not always require good conditions, if the dolphins were located in a particular area
for an extended period of time, researchers were able to reach the location of the report
and confirm species from land. Reports that had been confirmed as bottlenose dolphins
via; photographic/video evidence, researcher confirmation, expert confirmation and/or
clear descriptions, were used to verify the species from other reports within a reasonable
spatial and temporal scale as they were assumed to be the same group of animals. Often
citizen scientists reported a direction of travel which also increased confidence in this
assumption. The features described in Table 2.2 allowed reasonable assumptions to be
made about species identity, although species’ descriptions observed at distance without
binoculars were often not reported. It is reasonable to assume in future that citizen
scientists provided with some training and/or using an identification chart could identify
bottlenose dolphins around the coastline with confidence given the distinct characteristics

of the three common delphinid species occurring within region.

Seasonal effort was a concern with this type of citizen science, as it would be expected
that more people would be near the coastline during summer (Maguire et al. 2011), as
people spend more time at the beach in hot weather and this coincides with school
holidays. Contrary to this, the results of this study revealed no sightings during summer.
Instead, double the number of total reports occurred in spring than during autumn and
winter. This unlikely represents a bias in search effort however, given 55.9% (n=38) of
these reports in spring were concentrated to just three days in which the dolphins spent an
extended period of time in a small area. These reports were dispersed temporally over the
day, and thus likely that these concentrations of reports are representative of the dolphins’

movement (or lack of) patterns rather than bias in effort. As dolphins stayed within a
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small area, multiple observers travelled to the reported location to view the dolphins with
confidence that they would not miss them. It is suggested that this is comparable to the
‘off effort’ section of a survey in which an encounter with the RV takes place. The
number of independent days with confirmed reports of bottlenose dolphins was similar
between autumn, winter and spring. It is reasonable to suggest that there is sufficient
baseline effort during all seasons in this area given that many observers reside on or near
the coastline covered by the Facebook groups, especially given the large number of

members.

Sightings were highest in the morning for both autumn and winter. Winter had no
sightings during the evenings, which may be due to fewer daylight hours. Spring had a
higher number of sightings during the afternoons than morning and fewest in the
evenings. The high numbers of sightings during the afternoon in spring is again
contributed to the days whereby dolphins spent a long period of time in a small area
whereby the majority of reports were concentrated in the afternoon. When these days are
removed, the majority of sightings occur in the morning in spring, following the sighting
pattern of autumn and winter. This pattern is unlikely to be a bias in search effort for two
reasons; firstly, it would be expected that participants would spend more time around the
coastline during the afternoon as the temperature increases. Secondly, a sighting during
the morning tended to put citizen scientists on higher alert that dolphins were in the area
and would result in an increased vigilance during the rest of the day. Additionally, diurnal
movements of dolphins into deeper waters in the afternoon have been noted in various
species and locations (Cipriano 1992; Norris et al. 1994; Henderson et al. 2011) and may

account for the pattern of citizen science reported here.

Citizen science is often limited to areas of urbanisation or tourist hotspots where people
are concentrated; this non-random distribution of effort is a common bias in citizen
science data sets (Bird et al. 2014; Giovos et al. 2016; McCaffrey 2005). As much of the
coastline in this study is urbanised and many of the reports come from locals (hence they
spend substantial time in the study area) there is likely to be good spatial and temporal
coverage of the area. There were a relatively even number of independent sightings over
much of the coastline. The southern half of the North Shore area had a very low number
of sightings; however this was also reflected by the RV. This suggests that this reflects
the dolphins’ movement patterns rather than spatial bias in effort. This study is unlikely
to suffer significantly from spatial bias due to the relatively small scale, excluding a small
stretch of coastline around the end of Whangaparaoa Peninsula which is a regional park
and partly utilised by the Ministry of Defence, thus un-urbanised (Quadling 2006). This is

evident in Figure 2.7 from the lack of reports in this area. If the current study area is

46



expanded in future to cover more of the Hauraki Gulf, it should be considered that this
bias would greatly increase as citizen science is likely to be concentrated around
population centres (Bird et al. 2014; Giovos et al. 2016; McCaffrey 2005), which may

exclude areas such as the western Coromandel Peninsula or many of the IHG islands.

2.4.2 Citizen Science versus RV and POP

Citizen science only missed three potential sightings that were detected by the RV and
POP within the study area, yet provided more independent sightings than either. Due to
the large number of participants involved in the Facebook groups (which continue to
increase), the probability of missing sightings are reduced (Higby et al. 2012). This
indicates that citizen science has the potential to provide useful occurrence information
about bottlenose dolphins along the Hauraki Gulf coastline by covering a large area. A
recent study found that most of the data collected from the research vessel and citizen
scientists were similar for cetacean occurrence and distribution (Lodi & Tardin 2018).
Additionally, citizen scientists expanded the database further than the research vessel,
including the occurrence of an additional four species (Lodi & Tardin 2018). As residents
live on or close to the coastline on the Whangaparaoa Peninsula and North Shore areas,
they observe or visit beaches and coastal areas every day, at different times of the day,
and thus the probability of sighting dolphins may be much greater than that of surveys
(Lodi & Tardin 2018).

The majority of group size estimates were similar to the RV, although observers often
underestimated the number of animals. However, during only two of the reports was the
RV with the animals during the exact period that group size was reported by citizen
scientists. Thus, it is possible that changes in group size occurred between the time of the
report and the RV encounter. Nonetheless, given observers do not have experience; it is
likely that their estimates were less accurate than those from trained researchers. When
untrained observers estimate group size, they may only count the number of dolphins
surfaced at a single point in time and thus, not account for submerged animals. Despite
this, group size estimates from citizen science reports were reasonable. Citizen scientists
can provide accurate data (Delaney et al. 2008), but training for group size estimates
should be provided in future and these estimates of group size by citizen scientists should
be validated (Newman et al. 2003). Citizen scientists rarely reported behaviour and thus

no direct comparisons could be made between citizen science and the RV.
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2.4.3 Developing Citizen Science in the Hauraki Gulf

This citizen science data were collected opportunistically via Facebook and was limited
by a lack of rigidity in the type of data collected. Two other studies were successful in
collecting opportunistic data through social media, however both of these studies utilised
photographs and video footage (Giovos et al. 2016; Lodi & Tardin 2018), which means
they were less reliant on the identification skills of citizen scientists. Additionally, the
location was usually automatically stamped to each photograph or video during the
upload process to social media. Photographs and video footage were rare in this study, as
the overwhelming majority of citizen scientists were land based and thus could not get
close enough to record the animals in high quality. Previous land based citizen science
studies conducted more rigorous data collection, but were focused on core areas for
bottlenose dolphins (Bristow et al. 2001; Embling et al. 2015). This type of data
collection heavily limits the number of citizen scientists due to the extensive time
commitment, and reduces the spatial scale of data collection. Extending the spatial scale
in this type of study was estimated to have considerable financial costs (Embling et al.
2015). Given the low concentrations of sightings in any particular location within the
Hauraki Gulf, it would also be difficult to maintain the volunteer interest that would be
required to conduct the constant scans required. Additionally, it would be impractical to
use this type of survey in such a protracted coastline. Instead it would be more
appropriate to improve the current ad-hoc presence-only methodology which has been
shown to still be useful in building predictive models with cetaceans, especially with
large volumes of data and the inclusion of explanatory factors, such as time of day or
behaviour (Bruce et al. 2014; Giovos et al. 2016; Higby et al. 2012). The appropriate
models can account for the bias in effort (Bird et al. 2014), but as the bottlenose dolphins
may be widely dispersed within the Hauraki Gulf, it is recommended that large data sets

are collected to better utilise citizen science (Hann 2015).

Data collection in this study was not designed or standardised specifically for citizen
science, but more to assess the usefulness of a mainstream social media platform to
inform dolphin occurrence. However, future citizen science based research should
consider design and standardisation in order to extract the most value from the dataset
acquired (Delaney et al. 2008; Silvertown 2009). It is also clear that sufficient training is
necessary to achieve the most useful data (Newman et al. 2003), particularly with
reference to species identity, behaviour and group composition. The use of a Facebook
groups makes it difficult to ensure every member is getting the correct information and/or
that they are using it. Two reasons are suggested for this; firstly, when materials such as

descriptions and photographs are posted on the group page, it is easy for many members
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to miss it and it is difficult to find later for reference. Secondly, members aren’t interested
in identifying the species; they simply wish to report the sighting to the group so other

members can view the animals.

The Facebook groups used for this study only cover a small portion of the Hauraki Gulf.
Further groups have since been established by other members of the public on Facebook
for Waiheke Island and the south-east coast of Auckland, though these groups have not
been as successful in gathering members or reporting sightings. Even with these groups,
there remain significant gaps in the Hauraki Gulf coastline, such as the entire western
Coromandel coastline (mostly uninhabited) as well as the Thames region and the many
other islands of the Hauraki Gulf. Promoting the Facebook groups and involving regular
boat users of the Hauraki Gulf (such as ferry crew or fishing charters) would improve
coverage of the centre of the HG and its islands, and may be of benefit in non-urbanised

areas.

Citizen science should continue to be used in the Hauraki Gulf to supplement data, but
not independently of a dedicated RV. Further citizen science research in the Hauraki Gulf
should employ a different platform to collect observer data for citizen science while
continuing to utilise the Facebook groups for promotion and sharing results (Sequeira et
al. 2014). While Lodi and Tardin (2018) were successful in collecting citizen science data
through Facebook, their study allowed their analysis to be based on photographs and
video footage. Thus, they were less reliant on the citizen scientists’ skills for details such
as the type of species. Reporting sightings specifically for citizen science may make
volunteers more active and effective at data collection as they feel they are contributing to
authentic science and conservation (Evans et al. 2005). It is suggested that the creation of
a mobile phone application and website would be highly useful here, such as Whale
mAPP which has been developed to ensure high data quality without excluding any
observers (Stelle & King 2015). This would allow large groups of people to be trained
(e.g. through videos) as well as providing a platform to provide feedback and assistance
to citizen scientists. This would also give citizen scientists references for local species
identification and behavioural states, which is important to avoid confusion for novice
observers (Silvertown 2009). It would also prompt citizen scientists to enter all of the

details required (e.g. through dropdown menus) when they are entering data.

Mobile applications and websites are already currently in use to track citizen sightings of
cetaceans.  These include the; Maui  dolphin  sightings  application
(http://www.wwf.org.nz/take_action/maui_s_campaign_/) and Hector’s dolphin sightings

application  (https://www.facebook.com/hectorsdolphinsightingsapp/)  for  reporting
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sightings of their respective species, Whale Alert (http://www.whalealert.org/) to reduce
ship strikes around USA waters, Whale mAPP (http://www.whalemapp.org/; Hann 2015;
Stelle & King 2015) which is used to report sightings of cetaceans globally and Coastal
Walkabout (http://mucru.org/our-research/research-projects/citizen-science-coastal-

walkabout/) to record marine animal species sightings around Australian coastlines.

Developing citizen science further to monitor bottlenose dolphins in the Hauraki Gulf is
recommended as the commercial whale and dolphin watching operation targets the inner
Hauraki Gulf and has recently been prevented by the Department of Conservation from
opportunistically viewing bottlenose dolphins. This means the only platform to date
which was able to acquire scientific information on this endangered population is no
longer permitted to engage this species in order to collect data. Even historically with the
context of this study the operating procedure of DE limits bottlenose dolphin encounters,
as reported here given the number of days with sightings they had (n=18) compared to the
Facebook groups (n=42). As such, a dedicated RV should be used alongside citizen
science, in particular to cover coastal areas that have limited citizen science coverage and
to collect further information beyond the capability of citizen science (e.g. acoustic and
behavioural data). Citizen science may reduce the cost of data collection (i.e. through
direct data collection, and indirectly by allowing the RV to expend less time and fuel
searching for bottlenose dolphin groups). Additionally, citizen science can engage the
public and inform them of scientific findings and conservation issues (Conrad & Hilchey
2011) within the Hauraki Gulf.

It is interesting to note that while Facebook was impractical for many forms of data
collection, it served other purposes. The number of reports was likely higher than other
citizen science data collecting platforms due to the sense of community within the groups
and the ability of members of see dolphins based on reports of other group members. This
is a positive effect for shore based dolphin watching, but could cause a negative impact in
areas with a higher number of recreational boat users. Members of this group also
promoted responsible behaviour when encountering cetaceans and their conservation. It
also informed the Department of Conservation when large groups of people began to
gather to view the animals or of those who were violating the Marine Mammal Protection
Act (1978). As such, while social media isn’t specifically designed for data collection and
may have its limits for citizen science, it has in this case still proven an invaluable tool

from a monitoring and compliance perspective.
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2.4.4 Bottlenose dolphin occurrence

Within limited home ranges, bottlenose dolphins around the world are known to have
seasonal distributions (Elliott et al. 2011; Scott et al. 1990). It should be noted that an El
Nifio system occurred during this study period and thus, results presented here may vary
from La Nifia and Neutral conditions (NIWA National Climate Centre 2015;2016).
Previous studies have found that bottlenose dolphins were encountered most frequently in
winter and autumn within the IHG, and the least in summer (Berghan et al. 2008; Dwyer
et al. 2016; Martinez et al. 2010). The Facebook groups’ data detected a similar trend as
most independent reports occurred in winter followed by spring and autumn, while the
research boat and platform of opportunity had a majority of encounters in autumn and
spring, followed by winter. It is possible that bottlenose dolphins are using the IHG more
frequently than what has been reported during autumn, winter and spring, but are not

concentrated in a particular area and thus, difficult to locate.

Bottlenose dolphins occur in deeper waters in the Hauraki Gulf when they are
encountered during summer (Dwyer et al. 2016; Martinez et al. 2010), with a similar
trend occurring in the Bay of Islands (Constantine 2002; Hartel et al. 2014). The absence
of bottlenose dolphins from the study area during summer is expected given these results,
as sightings are largely limited to land based observations. The distribution of bottlenose
dolphins during summer appears to be concentrated towards the middle and northern
areas of the IHG, and absent from the western coastline during summer (Martinez et al.
2010). It is apparent that bottlenose dolphins are rarely using the IHG during summer,
and this likely relates to their expanded use of Great Barrier Island (Dwyer 2014), the
Bay of Islands (Tezanos-Pinto 2009) and Northland (Peters 2018) waters during the
summer. As the distribution of bottlenose dolphins is often thought to relate to prey
movements (Barco et al. 1999; Bearzi et al. 2008; Hastie et al. 2004) it has been
suggested that as the warm waters of the East Auckland Current, flowing in the northerly
entrance of the Hauraki Gulf during summer and autumn, bring with it an influx of prey

which may explain the absence of sightings during summer in the IHG (Dwyer 2014).

Travelling was the most recorded behavioural state, which is similar to other populations
in New Zealand (Constantine 2002; Lusseau 2004; Merriman 2007; Schneider 1999;
Peters & Stockin 2016). Travelling is often reported in high proportions for Tursiops sp.
(Baker, O’Brien, McHugh, Ingram & Berrow 2017; Bas et al. 2017; Bearzi et al. 2009;
Beddia 2007; Filby et al. 2017; Inoue et al. 2017) and it has been suggested that one of
the primary functions of travel is to locate food, as it has been associated with foraging
(Beddia 2007; Garcia et al. 2017; Karniski et al. 2015; Mattos et al. 2007). Very little
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foraging was observed during the present study. Instead, it is possible that bottlenose
dolphins use Whangaparaoa and North Shore coastlines as a corridor to other foraging
areas either within, or outside the IHG, given the low detection rate. Bottlenose dolphins
have also been reported to spend the majority of their time moving through their favourite
‘corridors’ within 50m from shore (Bearzi et al. 2009; Defran & Weller 1999), which is
consistent with observations and reports in the present study. Furthermore, Ballance
(1992) reported travelling as the most predominant behaviour outside of foraging areas. A
possible explanation for the high rates of travel and seasonality is that the north-eastern
North Island bottlenose dolphin population disperse throughout their home range
(including the IHG) during winter as prey is more dispersed and less concentrated than in
summer, when the East Auckland Current moves into the outer Hauraki Gulf (Dwyer
2014) and Bay of Islands (Hartel 2010).

It does appear that bottlenose dolphins utilise the Whangaparaoa coastline more than the
North Shore. Fewer sightings were reported in this area by citizen science and the RV.
The bays in the Whangaparaoa area are more sheltered than the North Shore and may
provide a more suitable habitat for travelling through the Hauraki Gulf. Upon reaching
the North Shore section of the survey area (between Long Bay and Browns Bay) dolphins
may move away from the coastline. Dolphins may depart the coastline to travel to deeper
waters or to the nearby IHG islands. In the Whangaparaoa coastline, the waters around
Little Manly Beach and Arkles Bay were used more frequently by the dolphins (Figure
2.7), though with low sample sizes it is difficult to infer significance. While there were a
few days where dolphins also spent an extended period of time in certain areas,
behavioural states were not reported by observers and so use of these areas cannot be
determined. On one of these occasions however, it was observed by the RV that two adult
dolphins split from the rest of the pod and spent the day socialising in a sheltered bay and
interacting with swimmers and kayakers. Sub-areas have been identified to have
particular uses for bottlenose dolphins, such as foraging (Ballance 1992; Mattos et al.
2007a) or resting (Hartel et al. 2014). In this case it may be that sheltered areas around
the Whangaparaoa coastline occasionally provide an area to socialise amidst bouts of

travel.

It should be noted that the Whangaparaoa and North Shore coastline make up only a very
small part of the IHG’s coastline and further study off the coast of the Coromandel
Peninsula, Firth of Thames and many islands may be warranted, as effort has previously
been concentrated towards the western area of the Hauraki Gulf (Dwyer 2014; Martinez
et al. 2010). Transects by Dwyer (2014) covered the entire IHG, but were usually greater

than 1km from the coastline in many areas around the Hauraki Gulf, making it possible to
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miss bottlenose dolphins which were frequently observed in very close proximity to shore
in this study. Additionally, Dwyer (2014) could also only cover small portions of the
Hauraki Gulf during a single trip which would decrease the likelihood of encountering

bottlenose dolphins.

2.4.5 Summary

This chapter reveals that cetacean data collected through citizen science should account
for biases in effort based on concentrations of citizen scientists. Season and time of day
likely did not cause any bias in the present study; however this should be accounted for in
less densely populated areas. Citizen science was able to detect the presence of bottlenose
dolphins more often than the RV as it was not restricted by unfavourable weather
conditions. Yet, training citizen scientists is important to accurately identify species and
behaviours. Additionally, Facebook was not an ideal platform for collecting citizen
science data due to the informal nature of the groups, although the number of reports is
likely higher due to a sense of community and potential of dolphin sightings based on
other shared reports. This group, combined with a dedicated research vessel and platform
of opportunity, have revealed that this small length of coastline is likely a corridor for
bottlenose dolphins within the Hauraki Gulf. With training and a rigid data collecting
platform, citizen science could aid in conservation by helping to collect large scale data
sets for coastal cetaceans while social media platforms, such as Facebook, provide an

ideal tool for spreading conservation messages.
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Chapter 3

The use of Great Barrier Island

waters by bottlenose dolphins

A bottlenose dolphin calf next to its presumed mother, off the western coast of Great Barrier
Island, New Zealand



3.1 Introduction

The interaction between an animal and its environment is often examined in relation to
evolution (Barros et al. 2011; Rosenzweig 1974), habitat use (Best et al. 1995; Lind &
Welsh 1994) and residency patterns (Chin et al. 2013). Habitat use patterns describe the
distributions of individuals across habitat types, while habitat selection is a hierarchical
process of behavioural responses that may result in the disproportionate use of habitats to
influence the fitness and survival of individuals (Block & Brennan 1993; Hutto 1985).
Habitat selection can be majorly determined by factors such as reproduction, predator
avoidance and food distribution (Alcock 2001). Distribution and behavioural patterns are
often examined to determine how an organism utilises its environment (Burns et al. 2008;
Phillips 1987; Whitehead 2001). Understanding how an animal uses its environment is
important for monitoring and protecting core areas in conservation and management
(Carvell 2001; Fellers & Kleeman 2007; Lefebvre et al. 1999).

Behavioural ecology studies lead to a more comprehensive understanding of habitat use
and the potential impacts of habitat degradation and incidental mortality (Mattos et al.
2007). With an ever changing marine environment, determining the cause of habitat
selection and examining the behavioural ecology of marine mammals is often difficult
(Mann 2000). Habitat use is influenced by a highly dynamic ecosystem resulting from
shifting factors such as prey availability, turbidity and sea surface temperature (Brager et
al. 2003). Abiotic factors have been related to the distribution of delphinids and are often
measured spatially (e.g. water depth) or by the properties of the surrounding water (e.g.
temperature; Brager et al. 2003; Viddi et al. 2011). These factors may influence
distribution directly or indirectly (i.e. by influencing prey distribution; Brdger et al.
2003).

Habitat use studies have been able to identify areas that are important for a range of
crucial delphinid behaviours. For instance key foraging habitats have been identified for a
variety of species, including: shallow rocky reefs for Indo-Pacific humpback dolphins
(Sousa chinensis; Karczmarski et al. 2000), kelp beds for Peale’s dolphins
(Lagenorhynchus australis; Viddi & Lescrauwaet 2005), shallow areas around river
mouths, dredged channels and breaker waters for the Australian snubfin (Orcaella
heinsohni) and Indo-Pacific humpback dolphins (Parra 2006). Resting behaviour is often
reported in shallow areas, examples include; dusky dolphins (Lagenorhynchus obscurus;
Garaffo et al. 2007) and spinner dolphins (Stenella longirostris; Thorne et al. 2012). It
has also been reported that tucuxis (Sotalia guianensis) in Guanabara Bay, south-eastern

Brazil, avoided areas degraded by anthropogenic impacts (Azevedo et al. 2007).
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Bottlenose dolphins (Tursiops truncatus) demonstrate great behavioural and ecological
plasticity, illustrated by the diversity of foraging specialisations noted in different
populations (Sargeant et al. 2005; Smolker et al. 1997; Torres & Read 2009), which
allows them to exploit an array of habitats. Considerable variation in patterns of habitat
use between populations has been recorded through extensive habitat use studies
(Ballance 1992; Torres & Read 2009; Wilson et al. 1997). Bottlenose dolphin populations
exhibit a range of movement patterns, including seasonal migrations, year-round home
ranges, periodic residency, and a combination of occasional long range movements and
repeated residency (Wells & Scott 2009).

Factors such as prey distribution (Allen et al. 2001; Bearzi et al. 2008; Hastie et al. 2003;
Scott et al. 1990; Wilson et al. 1997), predation risk (Heithaus & Dill 2002; Scott et al.
1990), environmental characteristics (Hastie et al. 2003; Shane 1990; Wilson et al. 1997),
group size and composition (Grigg & Markowitz 1997; Hartel 2010; Mann et al. 2000;
Scott et al. 1990) have all been observed to influence habitat use for bottlenose dolphins.
The duration and frequency of behavioural states are influenced by environmental factors
such as season, habitat, time of day, and tidal state, and by physiological factors such as
reproductive seasonality (Wells & Scott 2009). Behavioural observations enable a better
understanding of the function behind habitat use. Furthermore, anthropogenic disturbance
can also influence behavioural states, with certain states more susceptible to disturbance
than others (Christiansen et al. 2010; Stensland & Berggren 2007).

The impacts of tourism have been noted in New Zealand’s bottlenose dolphins
(Constantine et al. 2004; Guerra et al. 2014; Lusseau 2004, 2006; Peters & Stockin 2016).
A decrease in resting and socialising behaviour has been observed in the presence of
boats in Fiordland (Lusseau 2003a) and in the Bay of Islands (Constantine et al. 2004).
Great Barrier Island (GBI) has been identified as an important area for the north-eastern
North Island population of bottlenose dolphins, where there are no commercial whale and
dolphin watching activities. The area’s importance is highlighted by high site fidelity,
large average group sizes and high year-round groups that predominantly contain

neonates and calves (Dwyer et al. 2014).

It has been hypothesised that due to large upwellings that occur at GBI, higher prey
availability may relate to larger average group sizes (Dwyer et al. 2014). Alternatively,
GBI may represent a social hub where smaller groups fuse for socialising (Dwyer et al.
2014). The high numbers of calves and neonates may also influence group size at GBI, as
larger group sizes have been associated with groups containing infants (Mann et al.
2000). The aim of this study was to identify why GBI waters in the Hauraki Gulf, New
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Zealand, are important to the north-eastern North Island population of bottlenose dolphins

in New Zealand. Specifically, the objectives were to;

1) Provide detailed insight into the habitat use of bottlenose dolphins at GBI by
assessing group size categories relative to environmental parameters

2) Determine the importance of GBI waters via habitat selection by utilising
behavioural budgets

3) Model behavioural states to determine the variables that influence habitat

selection

3.2 Methods

3.2.1 Study area

GBI is located in the Hauraki Gulf, New Zealand, ca. 80km northeast of Auckland City
(Figure 3.1). The west coast of GBI is characterised by a number of shallow embayments
and consists predominantly of rocky shoreline (Dwyer et al. 2014) which occurs adjacent
to Cradock Channel in the north (36°12°S 175°11’E) and Colville Channel to the south
(36°23°S 175°25’E). Research focused on the western coast of GBI, in line with previous
research (Dwyer et al. 2014). All waters up to 10km offshore between Miners Head
(36°04°S 175°20°E) in the north and Ross Bay (36°19°S 175°28°E) in the south made up
the primary study site (Figure 3.1) and encompassed ca. 500km? (Dwyer et al. 2014). This
study area consisted of relatively shallow water, reaching a maximum depth of 90 m
(Chart NZ 522, Land Information New Zealand). GBI is New Zealand’s largest northern
offshore island at 285km?, but the human population density is low and 68% of the land
is administered by the Department of Conservation (DOC; Dwyer et al. 2014; Norgrove
& Jordan 2006). The west coast of GBI remains largely uninhabited and no commercial
marine mammal tourism operations are currently based or operating within GBI waters
(Dwyer et al. 2014).
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Figure 3.1 Survey tracks off the western cost of Great Barrier Island (GBI), New Zealand,
between July 2015 and March 2016. Each colour represents a survey, including on and off
effort. Bathymetry is depicted with darker shades of blue representing deeper waters. Inset:
Location of GBI in relation to the North Island of New Zealand, the solid red line (from
Takatu Point to Kaiiti Point) indicates the boundary between the inner and out Hauraki Gulf.
Source: GIS Arcmaps.

3.2.2 Data collection

Between July 2015 and March 2016, monthly research trips averaging 4 days in duration
were undertaken to GBI when feasible (i.e. when weather and sea conditions permitted).
Boat-based surveys at GBI were conducted on the research vessel AUT Sciences, an 8.5m

aluminium boat powered by two, four-stroke 150hp outboard engines (Figure 3.2).

Non-systematic surveys were conducted to locate bottlenose dolphins and were governed
by weather conditions (e.g. swell and prevailing winds). Additionally, animals were
searched for based on previously known locations and sightings reported over the marine
radio. Four experienced observers continuously scanned the horizon in a 270° arc in front
of and to the sides of the vessel. Observers were employed as volunteers to assist in field
data collection. Each observer was required to have a minimum qualification of a
Bachelor of Science degree majoring in marine sciences (or other relevant degree) and
received training on field data collection. Animals were detected using the naked eye
and/or binoculars (10 x 50 magnification). Visual cues that indicated the presence of
bottlenose dolphins included splashing, sightings of blows, or detection of dorsal fins or

bodies (Dwyer et al. 2014; Stockin et al. 2009). Environmental data were collected
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continuously throughout the survey every 15 minutes, as detailed in Chapter 2 (Section
2.1.2.2).

Figure 3.2 Research vessel; AUT Sciences. Photo: Evan Brown.

Once a group of animals was located the research vessel (RV) approached the animal(s)
in accordance to the Marine Mammal Protection Regulations (1992). Once the focal
group were within ca. 100m of the vessel, an ‘encounter’ was commenced and the group

was approached as detailed in Chapter 2 (Section 2.2.2.2).

Once an encounter started, initial parameters were recorded. The latitude and longitude
were recorded every 30 seconds with CyberTracker software (Version 3.440
CyberTracker Conservation 2013) and behavioural states were recorded every three
minutes as detailed in Chapter 2 (Section 2.2.2.2). The decision to maintain three
categories of travel was based on evidence from Bearzi et al. (1999) that suggested travel
- slow in their study was similar to resting behaviour described in a number of previous

studies.
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Table 3.1 Behavioural states of bottlenose dolphin (Tursiops truncatus) groups, defined from
Constantine et al. 2004; Peter & Stockin 2016.

Behavioural
State

Definition

Foraging

Milling

Resting

Socialising

Travel — Fast

Dolphins involved in any effort to pursue, capture and/or consume prey,
as defined by observations of fish chasing (herding), co-ordinated deep
and/or long diving and rapid circle swimming. Diving may also be
performed i.e. arching their backs at the surface to increase their speed of
descent. Dolphins show repeated unsynchronised dives in different
directions in a determined location. High number of non-coordinated re-

entry leaps, rapid changes in direction and long dives are observed.

Dolphins exhibit non-directional movements; frequent changes in bearing
prevent animals from making headway in any specific direction.
Different individuals within a group can swim in different directions at a
given time, but their frequent directional changes keep them together.

Milling can be associated with feeding and socialising.

Dolphins observed in a tight group (> 1 body length apart), engaged in
slow manoeuvres with little evidence of forward propulsion. Surfacing
appear slow and are generally more predictable (often synchronous) than

those observed in other behavioural states.

Dolphins observed in inter-individual interaction events among members
of the group such as social rub, aggressiveness, chasing, mating and/or
engaged in any other physical contact with other dolphins (excluding
mother-calf pairs). Aerial behavioural events such as horizontal and
vertical jumps are frequently observed.

Dolphins engaged in persistent, directional movement making noticeable
headway along a specific compass bearing at a speeds of >3 kts involving
porpoising. Group spacing varies and individuals swim with short,

relatively constant dive intervals.
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Behavioural Definition

State
Dolphins engaged in persistent, directional movement making noticeable
Travel — headway along a specific compass bearing at a speeds of >3 kts, but not
Normal involving porpoising.

Dolphins engaged in persistent, directional movement making noticeable
Travel - Slow headway along a specific compass bearing at a speeds of <3 kts often
involving periods of other behaviours (foraging/socialising/milling).

Group size, dispersal, group heading and the number and type of vessels present were
also recorded every 3 minutes as detailed in Chapter 2 (Section 2.2.2.2). An encounter
(and subsequent data collection) was terminated when the decision was made to leave the
group of animals. The end time and GPS location was noted for each encounter.

3.2.3 Data analysis

Data were transferred from CyberTracker into excel spreadsheets. Statistical analysis was
completed in R 3.3.2 (R Core Team 2016). A Partial Autocorrelation Function was run to
test for independence between group sizes. If group size was not independent, then an
autoregressive model was applied to the data to account for autocorrelation. An ANOVA
was used to test if depth and sea surface temperature (SST) were significantly different
between each group size category. If an ANOVA test showed significant differences
between means, a Tukey’s post hoc test was conducted to identify where significant
differences occurred. The percentage of time bottlenose dolphins were observed in each
group size category was plotted by season. Chi-squared tests were used to test for

correlation between group size and season.

Any samples of behavioural states recorded during and 20 minutes after the focal group
was within 200m of any vessels (excluding the research vessel) were excluded (adapted
from Mattos et al. 2007). Initially all basic (foraging, milling, resting, travelling,
socialising) and combined behavioural states (behaviours recorded if an equal percentage
of individuals were engaged in different behaviours within a group) were plotted to give
an activity budget. A second budget was created after removing all combined behaviours,
to give a better overview of the time in each state. As combined behaviours comprised

just 8.6% of the entire budget, the first activity budget was discarded. The five basic
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behavioural states were plotted using Arcmap GIS to give a better understanding of the

latitude and longitude variables used in the models.

To test which ecological variables had an effect on behavioural state, each single state
was turned into a binary variable, and a boosted regression tree (Ridgeway 2017) was
used to explore which variables might have an influence in determining when the group
was engaged in the particular behavioural state being tested. The autocorrelation function
for the residuals of the fitted model suggested that the first, second and third
neighbouring data points were autocorrelated, thus only every 4™ data point was selected
(i.e. every 12" minute) to avoid autocorrelation. The influence of each variable was
displayed in a table and partial dependence plots were used to visualise the effect of a
single variable on model response when holding all other variables constant. A confusion

matrix was also generated to determine the accuracy of the model.

3.3 Results

3.3.1 Effort

Between July 2015 and March 2016, four dedicated boat-based surveys were made to
GBI (one during each austral season), resulting in a total 1511.1km of track around the
western coast of GBI in a total survey time of ca. 139h. During this time, 12 independent
encounters with bottlenose dolphins occurred and a total of 1087 behavioural
observations were recorded. This resulted in 535 behavioural observations after
truncation for analyses when all observations potentially effected by disturbance were
removed. After removing data points to avoid autocorrelation, 133 behavioural
observations remained. The highest proportion of observations occurred during winter

with the lowest recorded in autumn (Table 3.2).

Table 3.2 The percentage of total behavioural observations recorded each season for
bottlenose dolphins at Great Barrier Island, New Zealand.

Percent of
Season Observations
Autumn 9.2
Spring 34.9
Summer 16.0
Winter 40.0
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Behavioural states were recorded in an SST range of 13.5 - 24.1°C (mean =18.0; SD=3.7)
and from depths of 1.8 - 55.3m (mean=15.8m; SD=13.2). Summer observations had the
warmest mean SST but it was very similar to autumn. Observations in summer were also
recorded at the highest mean depth (Table 3.3). The lowest mean SST was recorded

during winter, while the mean shallowest observations were recorded in spring.

Table 3.3 The mean (SD) and range for seasonal water depth and SST for bottlenose dolphins
encountered at Great Barrier Island, New Zealand.

Autumn  Winter Spring Summer
Mean SST 216 (0.3) 14.2(0.6) 15.0(0.4) 21.9(0.6)
SST Range  21.3-225 10.7-14.6 14-16 20.8-24.1

Mean Depth  20.7 (8.6) 11.2(9.4) 85(8.7) 23.4(15.9)
Depth Range 9.8-43  18-39.1 2453  0.3-55.3

3.3.2 Group Size

Group size varied from 6 to 65 individuals (mean=33; median=35; SD=18.4). Most group
sizes were between 21 and 50 animals (60.2%), with fewer groups of 1 to 20 animals
(33.2%), and least often 50+ individuals (11.1%). All groups except one contained
immature animals, with 85.7% (n=18), 95% (n=20) and 33.3% (n=7) containing
juveniles, calves and neonates, respectively. There was a significant correlation between
group size and season (X2=530.85, df=6, p=2.2e-16), with the largest groups encountered
during autumn, while small groups were most often observed during summer (Figure

3.3). Small groups were rarely recorded during autumn and winter.
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Figure 3.3 The percentage of bottlenose dolphin groups observed in each group size category
for each season; n=the number of 3 minute samples.

The largest group sizes were recorded in the deepest waters and at the highest SST (Table
3.4); however, there was no significant difference between group sizes and SST
(p=0.9998) or depth (p=0.2038).

Table 3.4 The mean (SD) and range for SST (°C) and Depth (m) for each group size category
of bottlenose dolphins encountered at Great Barrier Island, New Zealand.

1to 20 21to 50 50+
Mean (SD) SST 18.94 (3.53) 16.54 (3.42) 21.5(0.11)
SST Range 14-24.1 10.7 - 23.9 21.3-21.8
Mean (SD) Depth 14.95 (13.66) 15.25 (13.5) 20.55 (9.21)
Depth Range 0.3-444 1.8-55.3 12.7 - 43

3.3.3 Behavioural budget for Great Barrier Island

All combined behaviours made up a total of 8.6% of the behavioural budget and thus
were excluded from analysis (Appendix 3.1). Resting was the highest recorded
behavioural state while foraging and socialising were rarely observed (Figure 3.4).

Overall, travelling made up a total of 25.9% of the behavioural budget and of each of the
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travelling states, travel — slow was the most commonly observed while travel — fast was

observed least.
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Figure 3.4 The behavioural budget for bottlenose dolphins at Great Barrier Island, New
Zealand.

3.3.4 Variables influencing behavioural state

With the exception of season, abiotic factors (e.g. depth, SST and location) appeared to
have greater influences on behavioural state than biotic factors (e.g. group size and
composition). Travelling was the most widespread behaviour, while socialising and

resting groups were mostly concentrated in sheltered bay areas (Figure 3.5).
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Figure 3.5 Each behavioural state plotted for bottlenose dolphins off western Great Barrier
Island, New Zealand.
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3.3.4.1 Resting

Resting was the most commonly observed behavioural state (30.8%). The most important
covariates for changing the probability of resting are SST and depth, followed by latitude
and longitude (Table 3.8). As SST and latitude increased, the prevalence of resting also
increased. Resting decreased with increased depth (Figure 3.8). The confusion model

produced an error rate of 9% when predicting resting (Table 3.9).

Table 3.5 The relative influence of each variable in the model to determine if the behavioural
state is resting.

Variable  Relative Influence (%0)

SST 31.8
Depth 27
Latitude 19.5
Longitude 14.4
n. Juvenile 3.6
n. Neonate 2.8
Season 0.7
n. Calf 0.2
n. Adult 0.1
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Figure 3.6 Partial dependence plots that visualise the effect of each variable on the model response for the behavioural state resting.
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Table 3.6 Confusion matrix for boosted regression tree of resting.

Predicted Resting
Actual
) No Yes
Resting
No 87 7
Yes 5 34

3.3.4.2 Foraging

Foraging was rare (10.5% of observations modelled) and thus the final model prediction
for all estimates was for the dolphins not to be foraging. Nevertheless, the model
suggested the following covariates were important in changing the probability of foraging
(in order of importance); foraging occurred more at greater depths and at lower latitudes
and longitudes (Table 3.5; Figure 3.6).

Table 3.7 The relative influence of each variable in the model to determine if the behavioural
state is foraging.

Variable Relative Influence (%0)
Depth 32.6
Latitude 24.6
Longitude 20.4
SST 6.8
Group Dispersal 3.7
Group Size 3.2
n. Adults 2.5
n. Neonates 2.3
Time of Day 2.2
Season 1
n. Juvenile 0.6
n. Calf 0.2
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Figure 3.7 Partial dependence plots that visualise the effect of each variable on the model response for the behavioural state foraging.
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3.3.4.3 Milling

Milling comprised 27% of observations. The model suggests that SST is the most
important factor influencing the probability of milling, the prevalence of milling
decreases as SST increases (Table 3.6; Figure 3.7). The confusion matrix suggests that

the model had an error rate of 7.5% when predicting milling (Table 3.7).

Table 3.8 The relative influence of each variable in the model to determine if the behavioural
state is milling.

Variable Relative Influence (%0)
SST 57.6
Latitude 9.8
Group Dispersion 9.8
Depth 9.6
Longitude 7.2
Season 2.7
n. Juvenile 1.3
Group Size 0.9
n. Calf 0.5
Time of Day 0.4
n. Adults 0.2
n. Neonates 0
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Figure 3.8 Partial dependence plots that visualise the effect of each variable on the model response for the behavioural state milling.
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Table 3.9 Confusion matrix for boosted regression tree of milling.

Predicted Milling
Actual
o No Yes
Milling
No 94 8
Yes 2 29

3.3.4.4 Socialising

Socialising was never predicted as it was a rare event (6.7%), although the model
suggested that longitude, SST and depth were the most important parameters likely to
change the probability of socialising (Table 3.10). Socialising was predicted more at
higher longitudes, SST and depth (Figure 3.9).

Table 3.10 The relative influence of each variable in the model to determine if the
behavioural state is socialising.

Variable Relative Influence (%0)
Longitude 31.4
SST 24.5
Depth 14.3
Season 10.5
n. Adult 8.7
Latitude 7.1
Group Dispersal 1.3
n. Neonate 1.2
Group Size 0.5
n. Juvenile 0.3
n. Calf 0
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3.3.4.5 Travelling

Travelling was observed for 23.1% of observations. SST and depth were the most
important variables for determining whether the behavioural state was travelling or not
(Table 3.11). As SST and depth increased, the prevalence of travelling increased (Figure
3.10). The confusion model produced an error rate of 15.8% (Table 3.12).

Table 3.11 The relative influence of each variable in the model to determine if the
behavioural state is travelling.

Variable Relative Influence (%0)
SST 37.7
Depth 36.5
Latitude 10.3
Longitude 55
Group Size 3.8
Group Dispersal 3.6
Season 1.1
n. Neonate 0.8
n. Adult 0.5
n. Juvenile 0.2
n. Calf 0
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Table 3.12 Confusion matrix for boosted regression tree of travelling.

Predicted
Travelling
Actual
) No Yes
Travelling
No 98 18
Yes 3 14

3.4 Discussion

3.4.1 Group Size

Group sizes remained consistent with previous studies (Dwyer 2014; Dwyer et al. 2014),
though contrary to these studies, the largest group sizes recorded at GBI occurred during
autumn while the smallest groups occurred most often during summer and spring. This is
yet to be confirmed by photo-identification and could potentially be biased by the survey
design (i.e. remaining with one focal group, concentrated survey effort towards the
southern west coast) and small sample size. An alternative explanation is that seasonal
changes in group size are evident, as is observed within and between populations
elsewhere (Campbell et al. 2002; Barker & Berrow 2016). Season is unlikely to be a
consistent variable for dolphin group size due to variations in SST and local oceanic
currents occurring within each season. However, the largest groups were observed during
periods with a higher mean SST. This is consistent with previous research which found
the largest group sizes in summer, during periods of the warmest SST (Dwyer et al.
2014). Differences in group size by season may correspond with inter-annual variation in
mean SST for each season between the present study and those reported by Dwyer
(2014). Furthermore, these differences in mean temperature may be due to the weather
variations caused by La Nifia, Neutral and El Nifio during the study by Dwyer et al.
(2014) and the El Nifio system that occurred between 2015 — 2016 (NIWA National
Climate Centre 2015;2016) during the present study. Differences in SST may also occur
due to differences in methodology, as Dwyer (2014) obtained SST from remote sensing

satellite data.

While no significant relationship was found between group size and depth, the largest
groups were recorded in the greatest mean depth (Table 3.4). Larger groups of bottlenose

dolphins have previously been reported to occur more often in greater depths (Bearzi
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2005; Sarabia et al. 2017; Shane 1990b), but the lack of significant variation in the
present study may reflect the large average group sizes already present at GBI.
Previously, large group size in deeper, open waters are thought to provide a higher chance
of finding prey or increased predator protection (Bearzi 2005; Defran & Weller 1999),

thus the consistently large groups at GBI may already provide these benefits.

Group size has previously been correlated with behavioural activity (Bearzi et al. 1999),
yet in this study group size had little influence on behaviour. The formation of large
group sizes at GBI may be explained by the high prevalence of calves. Studies have
reported a positive correlation between group size and the number of calves (Merriman
2007; Moller & Harcourt 1998; Sinclair 2016; Vermeulen et al. 2015). Larger group sizes
are thought to provide better calf protection and assistance, reduce individual maternal
investment, and aid in learning (Dungan et al. 2016; Gibson & Mann 2008; Heithaus &
Dill 2002).

3.4.2 Habitat Selection

Combined behaviours comprised just 8.6% of the entire budget and thus excluding them
was assumed to cause little bias in further analysis (Appendix 3.1). Resting was the most
prominent behavioural state recorded for bottlenose dolphins at GBI. Travelling and
milling were also common behaviours. Other studies on Tursiops spp. generally report
foraging (Garcia et al. 2017; Mattos et al. 2007; Sini et al. 2005; Veneruso & Evans
2012) or travelling (Baker, O’Brien, McHugh, Ingram & Berrow 2017; Bas et al. 2017,
Bearzi et al. 2009; Beddia 2007; Filby et al. 2017; Inoue et al. 2017) to be the most
prevalent behavioural states. Other studies in New Zealand have also reported travelling
as the most prominent behavioural state (Lusseau 2004; Merriman 2007; Peters &
Stockin 2016; Schneider 1999). The prominence of resting at GBI suggests something
may be unique about this habitat or how this population uses the area. It should be noted
that direct comparisons between regions and populations is complicated. Definitions of
behavioural states are often different or overlap between studies. Methodology may also
vary, while study sites likely only include a portion of the range of a population of
bottlenose dolphins. For instance, the data collection for this study only included
observations from GBI waters, while this population is known to inhabit a much larger

area (Chapter 1; Figure 1.3).

Resting was the most recorded behaviour at GBI by bottlenose dolphins, and made up
almost a third of their entire behavioural budget (Figure 3.4). Resting occurred at higher

SST and lower depths. Warmer SST would result in lower energetic requirements to
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regulate body temperature, however this is difficult to conclude given the only behaviour
to increase at lower SST was milling. Resting is considered the most vulnerable
behavioural state as it requires reduced vigilance (Connor & Heithaus 1996; Heithaus
2001; Heithaus & Dill 2002). Thus, dolphins would be expected to select safe habitats for
resting as the energetic costs of moving into safe habitats is low while the benefit of
occupying safe habitats is high (Heithaus 2001; Williams et al. 1992). It is thought that
shallower waters increase a dolphin’s ability to detect predators and avoid sharks (Mann
et al. 2000). Additionally, the perceived lower levels of human disturbance at GBI may
facilitate resting behaviour, as resting behaviour is sensitive to vessel activity (Bas et al.
2017; Christiansen et al. 2010; Lusseau 2004; Stensland & Berggren 2007). This trend is
reflected in part of the north-eastern North Island population in the BOI, as the proportion
of resting significantly decreased in the presence of multiple vessels (Constantine et al.
2004). Yet, it should be noted that dolphins are not entirely sheltered from the impacts of
boat traffic at GBI, as a number of recreational boats use these waters, particularly during

summer.

The high proportion of resting at GBI may correlate to the high prevalence of calves. It
was reported by Mann & Smuts (1999) that mothers in their study spent most of their
time resting, while the calves remained in close proximity and also spent a considerable
amount of time resting. The large proportion of time spent resting may aid to offset the
large energetic cost of lactation (Kastelein et al. 2002). Furthermore, it is the main
behavioural state in which female dolphins nurse their calves (Stensland & Berggren
2007).

Travel — slow was the most observed travel state and made up 60% of all travelling
behaviour. This may be related to the high proportion of resting behaviour. Bearzi et al.
(1999) reported that travel — slow in their study matched resting behaviour described in a
number of previous studies and suggested it was a type of resting behaviour. An attempt
was made to test travel — slow and travel — normal/fast as separate models, but problems
with model convergence arose (Appendix 3.2). However, it did appear that there was a
positive correlation between depth and travel — normal/fast (Appendix 3.2). This effect
was present for travel — slow, yet it was much weaker. Additionally, a positive correlation
with SST was important for predicting rest and travel — slow. This may support the idea
that this state doubles as a form of rest. The correlation with depth may imply that Travel
— slow may be a resting behaviour utilised in less sheltered waters. Travel — slow may be
utilised to conserve energy while moving through habitats that require higher levels of

vigilance than rest. Alternatively, as travelling is often associated with foraging (Beddia
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2007), travel — slow may be a way to travel between locations while conserving energy,

as less urgency is required than when the group is pursuing prey.

Milling was often observed and SST was the only factor presented by the model to
significantly predict milling. As SST increased, the prevalence of milling decreased,
which was the opposite trend for resting, socialising and travelling. The role that milling
plays is difficult to assess and few attempts have been made to explain it (Neumann
2001b), though it is often associated with feeding, socialising or resting (Shane et al.
1986). It has been suggested that it may play multiple roles, e.g. investigating a potential
foraging area, a brief rest between bouts of travelling, or a transitional stage between
travelling and other behavioural states (Constantine 2001; Neumann 2001b; Stockin et al.
2009). Milling tends to occur in much lower proportions in other studies of Tursiops spp.
(Filby et al. 2017; Hanson & Defran 1993; Lusseau 2004; Merriman 2007; Sini et al.
2005; Vermeulen et al. 2015). The large group sizes at GBI could explain the high
prevalence of milling, as a positive correlation with group size has been reported during
another study (Mattos et al. 2007). Perhaps part of the function of milling is to reorganise
social units within a larger group. Alternatively, milling may be a result of dolphins
searching for prey in their local vicinity. As SST increases, perhaps more prey is
available and thus less milling behaviour is required to locate it. It has also been
suggested that milling is used to conserve energy when the dolphins are unwilling to rest
due to disturbance (Constantine 2002), though it is unlikely to be the cause of the high

rates of milling in the present study given the perceived low levels of disturbance.

Foraging and socialising were not recorded often and made up only 8.2% and 9% of the
behavioural budget, respectively. This is in contrast with the idea previously presented,
that GBI is important for foraging or utilised as a social hub by bottlenose dolphins
(Dwyer et al. 2014). Socialising was never predicted by the model as it was a rare event.
It is not uncommon that socialising makes up a small percentage of Tursiops spp.
behavioural budget (Baker, O’Brien, McHugh, Ingram & Berrow 2017; Bearzi et al.
1999; Beddia 2007; Filby et al. 2017; Garcia et al. 2017; Kiszka et al. 2011; Mattos et al.
2007). The model suggested that longitude and SST were the most important factors
determining socialising, followed by depth and season. Longitude is a difficult variable to
interpret in this instance. The two peaks in the partial dependence plot likely reflect the
socialising distribution in figure 3.5. Socialising also increased with depth, but plateaued
around 10 — 15m. The distribution and longitude suggest socialising still occurs within
sheltered areas though the behaviour requires deeper water than resting. The reason for
this may be because behavioural events often associated with socialising, such as chasing
or breaching (Baker, O’Brien, McHugh, Ingram & Berrow 2017; Bas et al. 2017,
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Karniski et al. 2015), require more space. Alternatively, the seabed substrate or
vegetation may lend itself more favourably to social behaviours at that depth. For
example, bottlenose dolphins have been recorded playing with seaweed (Kuczaj &
Eskelinen 2014).

Warmer temperatures were important for determining if a behavioural state was
socialising, which occurred most often during spring and summer. Seasonal trends in
behaviour have previously been reported and are often thought to relate to prey
movements (Bas et al. 2014; Miller et al. 2010; Vermeulen et al. 2015) or mating seasons
(Miller et al. 2010). Socialising in the warmer temperatures of spring and summer have
previously been associated with a mating season, as calves are often born in summer after
a 12 month gestation period (Hanson & Defran 1993; Miller et al. 2010; Moller &
Harcourt 1998; Smith et al. 2016; Sprogis et al. 2016). This is also a suspected pattern for
the BOI, as higher numbers of neonates were sighted in warmer seasons (Hartel 2010).
While socialising rarely occurred at GBI in this study, it is likely that dolphins there
engaged in similar mating seasons. Observations from GBI support this, as 71.4% (n=>5)
of neonate sightings occurred during warmer temperatures (unpub. data) and the highest
proportion of neonates previously reported was observed during summer (Dwyer et al.
2014).

The model was unable to predict foraging as this state was rarely observed, but it was
able to provide insights into factors important for foraging. Foraging occurs at greater
depths, which is expected given that foraging was often recorded further from the
coastline (Figure 3.5). Movement into deeper waters has been reported previously for
foraging bottlenose dolphins (Bearzi et al. 1999; Hastie et al. 2004). Higher latitude and
lower longitude were also important to determine whether dolphins foraged or not. A
lower longitude places the dolphins further away from the coastline and deeper waters
and higher latitude places the dolphins closer to the Colville Channel. The strong currents
and upwellings around the Colville Channel may result in increased biological activity
(Black et al. 2000; Manighetti & Carter 1999), providing higher densities of prey species

for bottlenose dolphins.

It should be noted that on multiple occasions, individuals or small groups of between one
to five animals appeared to be foraging in shallow water while the majority of the group
were engaged in other behavioural states (pers. obs). Thus, this type of solitary foraging
strategy would have gone unreported during scan sampling. This is notable since
cooperative foraging was rarely recorded in BOI, with solitary foraging techniques the

primarily mechanism observed (Constantine 2002; Hartel 2010). This may indicate that
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the data shows an unrepresentative percentage of time foraging at both locations, as only
a few individuals would be engaged in this activity it would not be recorded as a
behavioural state. Alternatively, the presumption that there is an abundance of prey
resulting from the upwellings around GBI may be incorrect. The low proportions of
foraging observed may be indicative of low levels of prey in GBI waters, and this may

vary annually with SST and/or be due to the La Nifia/El Nifio weather oscillations.

A considerable amount of time was spent travelling (Figure 3.4). However, if travel —
slow is considered a resting behaviour and removed as mentioned previously, it makes up
very little of the behavioural budget. It has been suggested that one of the primary
functions of travel is to locate food and it has been associated with foraging (Beddia
2007; Garcia et al. 2017; Karniski et al. 2015; Mattos et al. 2007). The low proportion of
travel — fast and travel — normal, combined with the large depths that both travel and
foraging occurred in, could correlate to the low percentage of foraging behaviour
recorded. Alternatively, if the proportion of foraging was low, the overall high rates of
travel may be associated with potential shortages and/or patchy distributions of prey
(Bearzi et al. 2009; Beddia 2007; Veneruso & Evans 2012).

Behavioural budgets varied greatly for GBI between the periods of 2011-2013 and 2015-
2016. Travelling and milling were recorded in similar proportions; however in the period
of 2011-2013 resting was rarely recorded while foraging and socialising was documented
more often (Dwyer pers. comms.). Differences in behavioural budgets may be due to the
different La Nifia/El Nifio weather patterns experienced during the studies. These weather
patterns influence SST and ocean currents, which in turn may influence prey distributions
(Miller et al. 2010; Neumann 2001a; Sprogis et al. 2018; Vermeulen et al. 2015).
Methodology also differed between studies, as behavioural samples were taken every 15
minutes during 2011-2013 (Dwyer 2014).

In the BOI, travelling was the most observed behaviour with or without the presence of
vessels, while resting was rarely observed (Peters & Stockin 2016; Constantine 2002).
This is consistent with other studies of Tursiops spp. (Baker, O’Brien, McHugh, Ingram
& Berrow 2017; Bas et al. 2017; Bearzi et al. 2009; Beddia 2007; Filby et al. 2017; Inoue
et al. 2017). High rates of travel have previously been associated with potential shortages
or patchy distributions of prey (Bearzi et al. 2009; Beddia 2007; Veneruso & Evans
2012), which may reflect the situation in the BOI and GBI, as the proportion of foraging
was also low. Though, habitat use prior to tourism in the Bay of Islands is unknown as no
data exists (Constantine 2002). Thus it is unknown if this high rate of travel is natural or a

function of the high levels of boat traffic in the area and may reflect avoidance behaviour
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(Constantine et al. 2004; Hartel et al. 2014). Perhaps the perceived lower levels of
anthropogenic disturbance at GBI are reflected in the low rates of travel-normal/fast,
which makes up a higher proportion of travel in the BOI. It is suggested that the BOI and
GBI provide different habitat requirements for the population, given the differences in

behavioural budgets.

3.4.3 Habitat Use

Groups containing females and calves are often larger than adult only groups and are
referred to as ‘nursery’ groups (Wells 2003; Barker & Berrow 2016). Thus, it is
suggested here that the large group sizes at GBI may be a function of the number of
immature animals. Particular areas that appear to be used as nursery grounds for
bottlenose dolphins have been previously identified (Barco et al. 1999; Estep 2012; Rossi
et al. 2017; Scott et al. 1990; Toth et al. 2011). Certain geographic areas have been
favoured as nursery areas, likely because they are protected, shallow and offer an
abundance of prey. It has been reported that mother-calf pairs were sighted year-round in
these nursery grounds as opposed to following any seasonal movements (Estep 2012).
GBI has many small inlets and bays that are shallow and provide protection from
predators and ocean waves. There are strong currents from the Colville Channel along the
south-east coast of GBI, where upwellings occur under south-easterly winds (Black et al.
2000; Manighetti & Carter 1999). These upwellings may provide an abundance of prey in
the waters surrounding GBI. These geographic characteristics are consistent with other
areas considered to be nursery habitats (Barco et al. 1999; Estep 2012; Rossi et al. 2017,
Scott et al. 1990). Additionally, perceived lower levels of anthropogenic disturbance have
been considered to be a contributing factor to the selection of habitat as a nursery area for
bottlenose dolphins (Rossi et al. 2017).

Particular study sites and habitats comprise only part of a population’s range. Specific
areas provide functions for certain behaviours e.g. areas have been identified for foraging
(Sini et al. 2005), socialising (Merriman 2007) or as refuges for resting (Vermeulen et al.
2015). Dwyer et al. (2014) suggested that GBI waters may be a used as a location for
socialising or foraging, however the results of this study would suggest otherwise. It was
also suggested that the shallow bays and harbours adjacent to the Colville Channel have
consistent food availability, are suitable for breeding or calving, and lack high levels of
anthropogenic pressures (Dwyer 2014). Very young neonates were observed at GBI and
mother-calf pairs are sighted year round (Dwyer et al. 2014). The predominant behaviour
observed during the present study was resting, which is the main behavioural state in

which female dolphins nurse their calves (Stensland & Berggren 2007). Given the high
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rate of resting observed at GBI, the local bathymetry, perceived low anthropogenic
impacts, and the large number of immature animals, it is possible that these waters may

be important for nursery groups.

While little foraging was observed in the present study, dolphins may forage nocturnally
at GBI. It is also possible that the waters surrounding GBI, particularly the Colville
Channel, provide a foraging area that is able to sustain large groups as suggested by
Dwyer et al. (2014). It has been predicted that the strong currents and upwellings around
the Colville Channel may result in increased biological activity (Black et al.2000;
Manighetti & Carter 1999). Few studies have surveyed the nocturnal activity of
bottlenose dolphins, though nocturnal foraging has been reported (Bloom et al. 1995;
Mann & Sargeant 2003; Klatsky et al. 2007). Species that engage in nocturnal foraging
are often observed to engage in high proportions of resting behaviour during diurnal
hours, such as spinner (Stenella longirostris; Karczmarski et al. 2005; Lammers 2004;
Thorne et al. 2012; Tyne et al. 2017) and dusky dolphins (Lagenorhynchus obscurus;
Markowitz 2012; Dahood et al. 2010). This could reflect the diurnal behavioural budget
of bottlenose dolphins in the present study at GBI. Future research should attempt to
expand the behavioural budget to include nocturnal activity.

It should be noted that these results may only reflect habitat use along the south-western
coastline at GBI. Bottlenose dolphins have been reported along the north-western
coastline, and often in small groups (Dwyer et al. 2014). Groups in these waters were not
detected in the present study, likely due to the lower search effort in the area.
Additionally, surveys along the eastern coast of GBI are yet to be conducted. Future
studies should focus on gathering behavioural data from a wider range of bottlenose

dolphins groups at GBI over a longer time frame.

3.4.4 Summary

Overall, group sizes remained consistent at GBI with Dwyer et al. (2014) which may
correlate to the high number of immature animals observed in these waters. Group sizes
were recorded to be larger during periods of higher SST. Bottlenose dolphins at GBI were
primarily observed to be engaged in resting behaviour, though given the short time period
and contradicting behavioural results to Dwyer (pers. comms.) it cannot be confirmed
whether this is an artefact of this study or reflective of a real difference in behavioural
budget. Additionally, travel — slow was the most prominent travelling speed and may
indicate further resting behaviour. Contrary to Dwyer et al. (2014), foraging and

socialising were rarely recorded. These differences between Dwyer et al. (2014) and the
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present study likely result from variations in weather patterns or methodology.
Regardless, given the evidence presented in this study, it is hypothesised that the waters
surrounding GBI are important for nursing groups of bottlenose dolphins in the north-

eastern North Island population.
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Chapter 4

Whistle repertoire of bottlenose
dolphins (Tursiops truncatus) at

Great Barrier Island, New Zealand

Bottlenose dolphins engaged in social behaviour at Great Barrier Island, New Zealand



4.1 Introduction

Animals actively utilise acoustics in a variety of different ways, including; echolocation
(Norberg & Rayner 1987), prey capture (Versluis et al. 2000), searching for habitat
(Simpson et al. 2004) and communication (Seyfarth & Cheney 2003). Communication is
defined as consisting of the transfer of information between a sender and a receiver, using
a code of specific signals that usually serve to meet common challenges (e.g.
reproduction, foraging), and in group living species, to promote cohesiveness (Vauclair
1996). It is used by many animals to communicate specific messages complemented with
additional information regarding their motivation, sex, age or even their identity
(Halliday 1983). In social animals, vocal communication can be essential to mediate
important social behaviours (McGregor & Peake 2000; Tyack 2003). It also allows
members of a group to gain information about each other in the complex fission-fusion
societies that animals, such as dolphins, often live within (Connor et al. 2000; Smolker et
al. 1992).

To convey specific information within these societies, varying types of signals must be
produced. It is essential to categorise vocalisations within a species’ repertoire to
facilitate insight into functionality, social relevance and geographical variation (Boisseau
2005; Lopez & Shirai 2009). The close relationship between signals and specific social
contexts has been identified for beluga whales (Delphinapterus leucas; Panova et al.
2012), killer whales (Orcinus orca; Foote et al. 2008; Van Opzeeland et al. 2005), tucuxi
(Sotalia fluviatilis; Pivari & Rosso 2005) and Tursiops spp. (Cook et al. 2004; Diaz
Lopez 2011; Esch et al. 2009; Hawkins & Gartside 2009a, 2009b, 2010; Herzing 2000;
Janik et al. 1994).

Bottlenose dolphins (Tursiops truncatus) are extremely vocal and this acoustic
communication plays an important part in mediating social interactions (Lépez 2011;
Lopez & Shirai 2009). It is considered that bottlenose dolphins produce three types of
sounds: whistles, echolocation clicks and burst-pulse sounds (Boisseau 2005). Whistles
and burst-pulse sounds are the two primary sounds thought to play a role in social
interactions (Herzing 2000; Lopez & Shirai 2009). Whistles are generally studied in
dolphin acoustic research because they can be recorded in high numbers with good
signal-to-noise ratios and they possess numerous characteristics that are easily measured
from their frequency contours (Boisseau 2005; Lopez 2011; Ralston & Herman 1995). It
has been suggested working with captive animals, that bottlenose dolphins possess
extremely fine-scale vocal classification abilities (Au et al. 2002; Brill et al. 2001,

Helweg et al. 2003). Thus, along with whistle type, whistle parameters (e.g. duration or
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frequency) may also provide insight into the use of whistles by bottlenose dolphins. The
acoustic features of whistles are thought to convey specific information about the
behavioural context of the individuals involved (Hawkins & Gartside 2010; Ldpez 2011).
Variation in the acoustic features of whistles demonstrates its integral role in social
interactions of the complex fission-fusion societies of Tursiops spp. (Hawkins & Gartside
2009b; Lopez 2011).

Dolphins produce a range of whistles, including signature whistles that are individually
unique and appear to be used to communicate identity, location and possibly emotional
state (Janik et al. 2006; Sayigh et al. 1990; Wells & Scott 2009). Whistles are a
narrowband, frequency modulated and omnidirectional signal (Buck & Tyack 1993;
Elliott 2010) and in the case of bottlenose dolphins, generally fall between 5 and 20kHz,
although frequencies up to 27.3kHz have been reported (Esch et al. 2009). Acoustic
features, such as frequency and duration, have been used to characterise whistles in the
genus. This allows for comparisons among groups and populations (Azevedo et al. 2007,
Bazua-Duran & Au 2004; dos Santos et al. 2005; Lopez 2011; Rendell et al. 1999).

Whistle rates can be dependent on behaviour, group size and/or group composition, but
this varies between habitat and populations. Feeding and socialising tend to have the
highest whistle rates, as reported in Costa Rica, Portugal, the Mediterranean and parts of
the United States of America (Acevedo-Gutiérrez & Stienessen 2004; dos Santos et al.
2005; Jones & Sayigh 2002; Lopez & Shirai 2009). Group size can influence whistle rate,
positively (Cook et al. 2004; Jones & Sayigh 2002) or negatively (Hawkins & Gartside
2010; Jones & Sayigh 2002; Quick & Janik 2008). The group composition of Tursiops
spp. can also influence whistle rates, as groups with calves often produce fewer whistles
(Hawkins & Gartside 2010; Jones & Sayigh 2002).

Whistle types and characteristics can similarly be determined by behaviour (Hawkins &
Gartside 2010; Lopez 2011) and local environmental factors, such as high ambient noise
(May-Collado 2010; Wang et al. 1995). Different environmental influences are likely to
affect each population (Conner 1982) and differences in habitat, ecology, social group
and contextual behaviour may influence whistle characteristics of different groups or
populations (L6pez 2011). Acoustic parameters, including peak frequency and number of
inflection points, may be modulated by Tursiops spp. to carry additional information such
as: behavioural activity, individual identity and stress levels (Azevedo et al. 2007; Diaz
Lopez 2011; Esch et al. 2009; Hawkins & Gartside 2010; Morisaka et al. 2005).

Great Barrier Island (GBI), New Zealand, presents a unique opportunity to study

bottlenose dolphin whistle repertoire in the absence of commercial whale and dolphin
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watching vessels, and in an area with a perceived low level of anthropogenic impact. In a
former study, Dwyer et al. (2014) reported GBI as overlooked in importance for the
Nationally Endangered bottlenose dolphins. It has been identified that bottlenose
dolphins utilising these waters have high levels of site fidelity, above average group size
for coastal bottlenose dolphins and high year round use of this area by groups that contain
calves (Dwyer et al. 2014). In order to assess the whistle repertoire of bottlenose dolphins
at GBI, dedicated boat-based surveys were conducted along the western coast of GBI.
The objectives of this chapter were specifically to:

o Describe the vocal repertoire of bottlenose dolphins at Great Barrier Island, New
Zealand, via;
o descriptive statistics of whistle characteristics
o assessments of the types of whistles recorded
o Examine the social context in which specific whistles and their characteristics are
recorded, via assessment in relation to group dynamics (group size and
composition)
e Examine the behavioural context in which specific whistles and their
characteristics are recorded, via assessment in relation to whistle rates and

contours

4.2 Methods

4.2.1 Study Area

GBI is located in the Hauraki Gulf, New Zealand, ca. 80km northeast of Auckland City.
The west coast of GBI is characterised by a number of shallow embayments and consists
predominantly of rocky shoreline. Further information about GBI is provided in Chapter
3 (Section 3.2.1).

4.2.2 Data collection

Data were collected across all austral seasons between July 2015 and July 2016 during
dedicated boat based surveys. Monthly boat based surveys at GBI were conducted on the
research vessel AUT Sciences when weather permitted, as outlined in Chapter 3 (Section
3.2.2). Environmental parameters (adapted from Neumann 2001b) were recorded every
15 minutes as detailed in Chapter 2 (Section 2.2.2.2). Once a focal group or animal was

sighted, the research vessel approached the animal(s) in accordance to the Marine
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Mammal Protection Regulations (1992), detailed in Chapter 2 (Section 2.2.2.2). The
research boat was carefully manoeuvred to minimise its potential effects on the dolphins’
behaviour during data collection (Constantine et al. 2004). This involved approaching the
pod from the side or behind and driving the boat to match the speed of the focal group.
During periods where the pod had no overall movement, the boat was switched into

neutral or switched off.

Once started, initial parameters were recorded. The latitude and longitude were recorded
using a Samsung Galaxy Mini Smartphone every 30 seconds with CyberTracker software
(Version 3.440 CyberTracker Conservation 2013). Group behavioural state (defined in
Chapter 2; Table 2.3) was recorded every 3 minutes using focal-group scan sampling
(Altmann 1974; Constantine et al. 2004; Stockin, Lusseau et al. 2008), in addition to
group size, composition, dispersal, group heading and the number and type of vessels
present following methods detailed in Chapter 2 (Section 2.2.2.2).

Upon approach of a focal group, dolphin behaviour was assessed to determine whether
acoustic recording methods were permissible. The recording method required that the
focal group were either moving slowly in a consistent direction or that the overall group
location remains unchanged (within 100m of the hydrophone; adapted from Snell 2000).

All recordings were made when the vessel was stationary with the engine off.

An encounter (and subsequent data collection) ended when the decision was made to
leave the group of animals. The choice to depart was prompted by changes in the
animals’ behaviour (e.g. avoidance behaviours), deteriorating weather conditions, low
fuel reserves, dusk was approaching or contact with focal group was lost (Hupman 2016).

The end time and GPS location was noted for each encounter.

4.2.3 Acoustic data collection

If the group was travelling, a ‘leap frog’ method was employed by which the boat
manoeuvred parallel to the dolphins predicted course and stopped ~100m a head of the
focal group and recordings were commenced (Snell, 2000; Luis et al. 2014). The
equipment was withdrawn from the water once the distance between the focal group and
the hydrophone exceeded 100m, and the entire procedure was repeated. If the group of
animals remained relatively stationary, the boat was stopped so that the focal group were
within 100m of the hydrophone, which recorded continuously until the animals left the
area (Acevedo-Gutiérrez & Stienessen 2004; Snell 2000). Acoustic recordings were
monitored via headphones for quality assurance, e.g. to ensure no interference (Lopez &

Shirai 2009; Lopez 2010). Recording ceased once the behaviour of the animals became
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unfavourable for acoustic collection or if an encounter was terminated (see above). The

GPS location and time was recorded at the onset of recording.

Recordings were taken by a C55 hydrophone (Cetacean Research Technology Ltd) with
an integral 20dB preamplifier. The hydrophone has a linear frequency range of 0.015 to
44kHz and a sensitivity of -185 dB (re 1V/uPa). Signals were digitised using a TASCAM
DR-44WL 4-track Portable Digital Recorder with a frequency response up to 96kHz/24-
bit.

4.2.4 Data analysis

All oral notes were transcribed onto a spread sheet using the marker indicated on the
commentary track. Each acoustic track was cut into 1 minute segments in WavePad
Sound Editor (Version 6.59; NCH 2016). Any recordings less than 1 minute or segments
cut from the end of tracks that were less than one minute were removed from analysis.
Segments that were recorded during or 20 minutes after the dolphins interacted with
another vessel were also excluded from analysis following behavioural procedure
(Chapter 3; Section 3.2.3). Each 1 minute segment was then imported into Luscinia
(Version 2.16.10.29.01; Lachlan 2007) as a ‘song’. Each ‘song’ was viewed on a
sonogram, displayed using a frame length of 4.2ms, 76.2% overlap and smoothed using a

Hamming window.

4.2.4.1 Whistle rates

A visual representation of the signal was observed as a spectrogram as the sound is
played back to count the number of whistles and harmonics for each track. The number of
whistles was determined by counting the number of whistles displayed in the spectrogram
combined with faint whistles detected audibly. This allowed distant sounds to be picked
up by ear that would be missed via inspection of the spectrogram alone. Analysis was
restricted to the human audible range for reliability, only whistles with fundamental
frequencies below 24kHz were used for analysis. Whistle fundamental frequencies rarely
exceed 25kHz, and thus it was assumed that the omission of whistles exceeding this
frequency would not overtly bias the dataset (Caldwell et al. 1990; Boisseau 2004).
Whistle rates were calculated in two different ways; firstly, the mean number of whistles
counted in each minute (mean number of whistles per minute); secondly, by dividing the
mean of the number of whistles counted in each one minute segment by the number

dolphins recorded in the focal group (mean number of whistles per minute per dolphin).
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Group sizes were categorised into three groups (1-22, 21-50 and 50+ individuals).
Whistles that occurred while two or more behavioural states were reported were removed
from analysis as it could not be determined which behaviour was influencing the whistle
repertoire. Statistical analysis was completed in R Studio (version 1.0.153). A partial
autocorrelation function was used to check the data for independence. If whistle rate was
not independent, then an autoregressive model was applied to the data to account for
autocorrelation. An ANOVA was used to test if whistle rate was significantly different
between each behavioural state and each group size category. If an ANOVA test showed
significant differences between means, a Tukey’s post hoc test was conducted to identify
where significant differences occurred. The number of whistles per minute per dolphin
was visualized by plotting the number of whistles recorded per dolphin for each minute of
recording, for each behavioural state and group size category.

4.2.4.2 Whistle parameters

Each whistle with a suitable signal-to-noise ratio was considered a “good” whistle, and
manually marked in Luscinia by tracing around the whistle for further analysis as an
‘element’ (Edelaar et al. 2012; Figure 4.1). Harmonics were not included when marking
whistles, as it was determined that this resulted in more accurate whistle parameter

Mmeasurements.

Figure 4.1 Example of a traced (green) bottlenose dolphin whistle in Luscinia. Noted: Only
the fundamental frequency is traced.

Parameters for each traced whistle were exported from Luscinia using the Analysis
function, into an excel spreadsheet. The means, standard deviations and coefficients of

variation were calculated for each whistle parameter to provide descriptive statistics of
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the whistle repertoire at GBI. Whistle parameters extracted by Luscinia (displayed in
figure 4.2) include; duration (s), maximum frequency (kHz), minimum frequency (kHz),
mean frequency (kHz), beginning frequency (kHz), and ending frequency (kHz).
Additionally, the number of inflection points was manually counted from the spectrogram
and the range was calculated as the difference between the minimum and the maximum
frequencies (Azevedo et al. 2007). Tables displaying descriptive statistics were created to
show if and how parameters vary by whistle type, behaviour and group size.
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Figure 4.2 Sample of a bottlenose dolphin whistle in Luscinia, highlighting the parameters
that are measured for analysis.

4.2.4.3 Whistle type

Luscinia was used to partially classify whistles into categories using the dynamic time-
warping algorithm. The algorithm searches for an optimal alignment between two time
series on the basis of the Euclidean distance between acoustic features (Lachlan et al.
2014): in the analysis, these features were spectrograph measures of whistles: time,
fundamental frequency and fundamental frequency change. Each whistle was further
matched by eye into eight defined types (Table 4.1).
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Table 4.1 Description and example of whistle types of bottlenose dolphins (Tursiops
truncatus) at Great Barrier Island, New Zealand (based on Azevedo et al. 2007; Lopez 2010).

Inflection
Code Name ) Example
Points
Ascendin or
Asc ] ¢ (
Rise)
Descending
Desc )
(or Falling)
Sine Sinusoidal 2
Descending—
Desc- ]
Ascending 1
asc
(or Concave)
Ascending—
Asc- .
Descending 1
desc
(or Concave)
Constant (or
Constant

flat)

Multi Multi-looped 4-19

3-loop 3-Loops 3
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The percentage of each whistle type recorded was calculated to determine the most and
least frequently recorded whistles overall. Chi-squared tests were performed to identify
whether whistle type was correlated to behaviour and group size. The overall percentage

of each whistle type was plotted by behavioural state and group size categories.

4.3 Results

4.3.1 Effort

Between July 2015 and March 2016, four dedicated boat-based surveys were
conducted at GBI, resulting in a total 1511.1km of track around the western coast of
GBI in ca. 139h. During this time, a total of 21 encounters with bottlenose dolphins
occurred, totalling ca. 66h of observations.

A total of nine independent dolphin social groups were acoustically recorded. Group
size varied from 6 to 65 individuals, with a mean of 33 (SD=18.4). All groups
contained at least a single calf or juvenile and acoustic data were recorded through all
austral seasons. As all groups recorded contained calves or juveniles, it could not be
tested how their presence/absence affected whistle rates or types. Surveys resulted in
14h of acoustic recordings, in which 14,358 frequency modulated whistles were

detected. A total of 7,606 whistles with good signal to noise ratio were analysed.

4.3.2 Whistle rates & parameters

The mean number of whistles per minute was 26.8 (x25.8) and the number of whistles
per minute per dolphin was 0.50 (£0.53). The highest number of whistles was recorded
during milling (n=2915), followed by resting (n=2881), travelling (n=1040), socialising
(n=645) and foraging (n=125), with strong evidence of a difference in the number of
whistles per dolphin per minute between behaviours (p=0.0063). Foraging displayed the
highest number of whistles per minute per dolphin (1.17+0.98), which was significantly
different from milling (p=0.02208), resting (p=0.00275) and travelling (p=0.02271),
though not socialising (p=0.20838). Whistle rate did not vary significantly between any
other behavioural states though socialising does appear to have a slightly higher rate than
the other behaviours (Figure 4.3). No significant difference in number of whistles per
minute per dolphin between different group sizes was revealed (p=0.4864). However,

groups of smaller dolphins had a much wider range of whistle rates (Figure 4.4).
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Figure 4.3 Number of whistles per dolphin plotted for each minute of recording (displayed for each behavioural state) for bottlenose dolphins at Great

Barrier Island, New Zealand. Whiskers represent mean and standard error.
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Summarised data (mean, standard deviation, minimum and maximum, and coefficient of
variation) of whistles recorded for bottlenose dolphins at GBI are shown in Table 4.2.
The number of inflection points was the whistle characteristic with the highest variability,
while mean frequency had the lowest.

Table 4.2 Summarised descriptive statistics of whistles recorded for bottlenose dolphins at

Great Barrier Island, New Zealand. Length units are displayed in seconds, while all frequency
parameters are displayed in kHz.

Parameter Mean (SD) Range Coefficient of Variation %
Length 0.84 (0.52) 0.02-4.33 61.9
Mean Frequency 11.64 (2.34) 3.29-22.05 21.3
Maximum Frequency 14.21(3.32) 3.62-23.74 23.4
Minimum Frequency  7.86(2.36) 1.48-21.28 30.0
Start Frequency 9.63 (3.02) 1.94-23.42 31.4
End Frequency 11.66 (4.22) 1.64-23.52 36.2
Frequency Range 6.35(3.17) 0.23-19.36 49.9
Inflection Points 1.41(1.58) 0.00-19.00 112.1

4.3.3 Whistle Type

After visually categorising whistle types, whistle contour Asc was the most observed
whistle type (27.0%, n=2051) followed by Asc-desc (19.9%, n=1516), Sine (17.2%,
n=1308), Multi (9.5%, n=719), Desc-asc (9.0%, 686), Desc (8.9%, 680), 3-loop (5.3%.
n=401) and Constant (3.2%, n=245).

Whistle type was highly associated with behaviour (X?=192.41, df=28, p=2.2e-16). Asc
whistles were the most commonly recorded whistle type and made up a substantial
proportion (between 17.7 to 22.2%) of whistles across all behaviours (Figure 4.5).
Whistle types Desc-asc and Asc-desc were particularly associated with foraging, while
whistle types Constant, Multi and 3-loop were particularly absent during this activity.
Though, whistle type Asc-desc was recorded more commonly during socialising and
travelling than resting and milling. Constant whistles were associated more with milling,

while Desc whistles were particularly absent during bouts of travelling.

Whistle type was also highly associated with group size (X?=106.82, df=14, p=2.31e-16).
The frequency of whistle types Asc and Constant increase with group size, while whistle

contour Desc-asc and Asc-desc decrease with group size (Figure 4.6). The Sine and 3-
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loop whistle types were recorded most often in intermediate groups (21 to 50 animals)

and Multi type occurred more often in large groups of over 50+ animals.
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Figure 4.5 The percentage of each whistle type within each behavioural state for bottlenose dolphins off Great Barrier Island, New
Zealand.
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4.4 Discussion

4.4.1 Whistle rates

Understanding the acoustic behaviour of a species provides insight into their population
dynamics and habitat use. The number of whistles per minute per dolphin was very
similar to that reported in the Bay of Islands (BOI), during periods of no boat traffic
(Appendix 4.1). Additionally, the whistle rate for the single group of dolphins recorded
with no calves (0.49 whistles per dolphin per minute) in the present study was similar to
the whistle rates discussed above. This may suggest that there is a relatively consistent
whistle rate for the population over its entire home range regardless of how the animals
utilise an area. The mean number of whistles per minute per dolphin was not significantly
different between group sizes in this study. Similarly, no difference in median number of
whistles per minute per dolphin was detected with changes in group size in the BOI either
(Snell 2000). Only foraging in the present study had significantly different whistle rates
to other behavioural states, while in the BOI no significant difference in whistle rates was
detected between behaviours. Thus, even though the behavioural budgets and group sizes
differ between GBI and the BOI (refer to Chapter 3) whistle rates remain relatively
constant. This may be explained by another variable that has not yet been considered to
influence whistle rate which may have a stronger influence, such as social networks or

cultural transmission.

The number of whistles per minute per dolphin reported here is lower than that reported
in New South Wales, Australia, for Indo-Pacific bottlenose dolphins (T. aduncus), but is
above that reported for bottlenose dolphins in other studies (Appendix 4.1). The number
of whistles per minute per dolphin appears to be partially a function of behaviour, which
can be dependent on location and topography (Constantine et al. 2004; Hanson & Defran
1993; Mattos et al. 2007). Differences in the proportions of behaviours recorded for each
study could, therefore, be dependent on the specific location of the study within the home
range of the population. This makes it difficult to gain an accurate idea of the true
similarity or difference in population whistle rates. For example, the number of whistles
per minute per dolphin given here is only for animals using a portion of the north-eastern
North Island range, whereby animals appear to use the area primarily for resting,
travelling and milling (Chapter 3; Section 3.3.2). This may have biased the results for the
overall whistle rate in the present study as whistle rates have often been reported to be
higher during foraging (Acevedo-Gutiérrez & Stienessen 2004; dos Santos et al. 2005)
and socialising (Cook et al. 2004; dos Santos et al. 2005; Hawkins & Gartside 2010;
Jones & Sayigh 2002; Ldpez & Shirai 2009; Quick & Janik 2008).
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Cook et al. (2004) reports an increasing number of whistles per minute with increasing
group size. However, as they measured whistle rate as the number of whistles per minute,
comparisons are unreliable because they did not control for the number of animals
present. The present study showed a much higher number of whistles per minute per
dolphin than Cook et al. (2004), which is likely a function of the large group sizes at GBI.
Jones & Sayigh (2002) reported that the number of whistles per minute, and the number
of whistles per minute per dolphin were similar and also increased positively with group
size. However, other studies using the number of whistles per minute per dolphin have
found that whistle rate decreased with increasing group size (Hawkins & Gartside 2010;
Quick & Janik 2008) or that there was no correlation (dos Santos et al. 2005; Jones &
Sayigh 2002). A decreased number of whistles per minute per dolphin is hypothesised to
occur to reduce signal masking as the overall number of the group’s whistles increase
(Quick & Janik 2008), while no correlation between group size and whistle rate has been
hypothesised to result from a social restriction mechanism limiting whistle emissions (dos
Santos et al. 2005). An upper limit of number of whistles per minute per dolphin would
determine how many whistles can effectively transmit information at one time (Quick &
Janik 2008).

Prior studies have noted that for Indo-Pacific bottlenose dolphins the number of whistles
per minute per dolphin was lower for groups with calves, which is hypothesised to be an
anti-predator response, anti-masking strategy or to reduce energy demands, which would
be particularly relevant to mother-calf pairs (Hawkins & Gartside 2010; Lopez & Shirai
2009; Smolker et al. 1993). Contrary to this, a study for T. truncatus reported that groups
with calves have a higher number of whistles per minute per dolphin, which is thought to
maintain contact and keep the calf in visual range (L6pez & Shirai 2009). This may
provide insight as to why this study found no significant increase in whistle rate with
group size, and explain why the mean the number of whistles per minute per dolphin was
higher for GBI than what has been reported for other populations (Appendix 4.1). Only
one group did not contain calves or juveniles at GBI, and all groups acoustically recorded
did. During all encounters, mother-calf pairs could have been maintaining contact while
the group reached an upper limit of whistle transmission (dos Santos et al. 2005; Lépez &
Shirai 2009; Quick & Janik 2008). Mother-calf communication may also become
increasingly difficult with the large group sizes at GBI, as calves or juveniles could move
further away from their mother while remaining in the safety of the school. It has also
been reported that groups containing only females (and thought to be in nursery pods) had

higher whistle rates than groups containing only males in Fiordland, New Zealand
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(Boisseau 2004). This was also hypothesised as a result of mother-calf pairs maintaining

contact.

A number of studies have reported differences in whistle rates between behaviours for
bottlenose dolphins (dos Santos et al. 2005; Jones & Sayigh 2002), while no significant
difference has been reported Indo-Pacific bottlenose dolphins (Hawkins & Gartside
2010). In the BOI and Fiordland, no significant difference was found between whistle
rates and behavioural state (Snell 2000; Boisseau 2004). Even though differences were
not significant, the number of whistles per minute per dolphin was highest during
socialising and lowest during resting in the BOI (Snell 2000), while in Milford Sound it
was highest during social and travel behaviours and in Doubtful Sound, whistle rates

were highest during foraging behaviour combined with milling or travel (Boisseau 2004).

This study found significant differences in whistle rates between behavioural states, with
the highest rates consistent with those previously reported in the BOI and Fiordland.
Whistle rates were highest during foraging followed by socialising, with no significant
difference between them. The median whistle rate for foraging reported in the BOI was
lower than that of other behaviours, and may reflect a different foraging strategy.
Variations in foraging techniques may lead to different communication requirements
(Lopez 2011). This is realistic given the difference in mean group sizes reported between
the BOI and GBI, combined with the likely differences in topography. The wide range of
whistle rates during foraging at GBI may also reflect a variety of foraging strategies,
especially given the variety of depths at which foraging was recorded (Chapter 3; Section
3.3). The high whistle rates reported here for socialising and foraging are consistent with
other studies where higher whistle rates have often been associated with foraging
(Acevedo-Gutiérrez & Stienessen 2004; dos Santos et al. 2005) and socialising (Cook et
al. 2004; dos Santos et al. 2005; Hawkins & Gartside 2010; Jones & Sayigh 2002; L6pez
& Shirai 2009; Quick & Janik 2008).

It is hypothesised that high whistle rates are used to recruit more dolphins to the foraging
event which in turn, reduces the number of sharks competing for prey (Acevedo-
Gutiérrez & Stienessen 2004). While the Hauraki Gulf does contain shark species that
may predate delphinids (Stockin, Pierce et al. 2008) and could potentially compete with
them, this study did not detect increased group size during foraging activities. Rather,
given the large average group sizes, coordinated hunting with higher numbers of
individuals may require higher rates of communication (Janik 2000a). Additionally,
increased whistle rates have been associated with a state of excitement or arousal

regardless of group size (dos Santos et al. 2005). It is possible that during foraging events,
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the dolphins are in a higher state of excitement (dos Santos et al. 2005). However, this
acoustic behaviour may be specific to certain populations’ cultures or hunting strategies,
given that low whistle rates have also been recorded for foraging (Hawkins & Gartside
2010; Lopez & Shirai 2009). High whistle rates during socialising are thought to relate to
maintaining contact and developing social relationships among individuals (Cook et al.
2004; Quick & Janik 2008).

It appears that, while not significantly different from any behavioural state except for
foraging, the lowest mean rate of whistles occurred during resting. Low whistle rates
have been previously reported for travel and milling (dos Santos et al. 2005; Hawkins &
Gartside 2010; Quick & Janik 2008), though it should be noted that resting was combined
with milling by Hawkins & Gartside (2010) and was not a recorded behavioural state in
the other two studies described here, and could fit into the description of travel for Quick
and Janik (2008). This suggests that it is possible that resting groups of dolphins could
consistently have low whistle rates. This would be logical as the animals are not in an
active state (i.e. a lower state of excitement) while increasing predator avoidance; as
resting is likely their most vulnerable behavioural state due to reduced vigilance (Connor
& Heithaus 1996; Heithaus 2001; Wirsig et al. 1994).

It is difficult to determine why the number of whistles per minute per dolphin is higher in
this study given that whistle rates appear to decrease with increasing group size, and that
the dolphins were recorded resting and milling most often. The high whistle rate may be a
function of the large group size combined with the high rate of groups containing calves.
This high rate may represent mother-calf pairs maintaining contact in a large group of
animals and could indicate that GBI may be important to nursery groups. Though, this
would not explain the high whistle rates in the BOI.

Another explanation may be that whistle rates may be influenced by other forms of
communication, such as visual, tactile or other forms of vocalisations. For example,
choke, splash and sequenced calls were associated with contact and aerial behaviours,
while whistles and buzzes were correlated with dive and aerial behaviours for bottlenose
dolphins in Doubtful Sound (Boisseau 2004). In captivity, reduced vocalisations of
bottlenose dolphins have been associated with pectoral fin contact (Evans-Wilent 2011).
Vocalisations in spotted dolphins (Stenella frontalis) were influenced by visual and/or
tactile behaviours, for example; loud, intense sound (e.g. squawks) were associated with
aggressive contact, ‘S’ postures, frequent releases of bubbles, and direct approaches
(Dudzinski 1998). Thus, whistle rates at GBI may be influenced by other forms of

communication not measured in the present study.
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4.4.2 Whistle Parameters

Intra-population has showed low variability in frequency parameters of whistles, but high
variability has been reported in duration and number of inflection points (Azevedo et al.
2007; Gridley et al. 2015; Lopez 2011; Morisaka et al. 2005; Wang et al. 1995). Both
whistle duration and the number of inflection points had the highest coefficients of
variation in this study (Table 4.2) which is in line with other studies (Azevedo et al. 2007;
Morisaka et al. 2005). Duration, number of inflection points and maximum frequency
have been reported to account for over 80% of whistle variation (L6pez 2011). This high
intraspecific variability has been suggested to result from individual modulation of these
parameters to convey specific information from different contexts or individuals (such as
emotional states, level of alertness, presence of food/danger) or variation to provide
identities (Azevedo et al. 2007; Bazla-Duran & Au 2004; Lopez 2011; Morisaka et al.
2005; Rendell et al. 1999; Steiner 1981; Wang et al. 1995). Additionally, the context of
referential signals may vary between populations (L6pez 2011).

Whistle duration also varies greatly among bottlenose dolphin populations (Appendix
4.2; Azevedo et al. 2007). Mean whistle duration was similar to that recorded in Doubtful
Sound, New Zealand, Portugal and USA, but falls within the middle of the range of what
has been reported (Appendix 4.2). The median whistle duration recorded in this study
was shorter than those recorded in the BOI, irrespective of boat presence (Appendix 4.2),
but the mean was similar to that recorded in Fiordland (Boisseau 2005). However,
intraspecific variability of whistle parameters may also be influenced by adaptation to
background noise (Rendell et al. 1999). Within Fiordland, there were differences in
acoustic parameters between Milford and Doubtful Sounds (Boisseau 2004). Dolphins in
Milford sound were exposed to higher ambient noise than Doubtful Sound, as it is a
smaller and shallower fiord, which is less sheltered from swell and wave action, with
higher levels of boat traffic (Boisseau 2004). The whistle duration of the present study
were similar to those of whistles recorded in Doubtful Sound and may reflect low

ambient noise at GBI.

The mean whistle frequency recorded at GBI was also similar to both Milford and
Doubtful Sound, but was closer to whistles recorded in Doubtful Sound (Boisseau 2004).
The lower duration and mean frequency reported here and in Doubtful Sound, in
comparison to Milford Sound, is likely due to the higher ambient noise in Milford Sound.
It has been suggested that whistles produced within environments with higher ambient
noise tend to be longer with higher mean frequencies, maximum frequencies, frequency

ranges and more contour inflections (Boisseau 2004; Janik 2003). While duration and
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mean frequency reported in the present study are similar to those reported by Boisseau
(2004) in Doubtful Sound, maximum frequency and range were lower at GBI. The
sheltered bays with the perceived low levels of anthropogenic impact at GBI may result
in lower ambient noise than Doubtful Sound. However, comparisons of ambient noise
levels between Doubtful Sound and GBI are required to examine this hypothesis further.
The BOI has high levels of boat traffic which likely result in higher ambient noise and
may explain the larger median duration and maximum frequency recorded there (Snell
2000). Median maximum frequency was similar to that reported in the BOI, while boats
were absent the mean was lower than that reported in Fiordland. The lower mean
maximum frequency may also result from lower ambient noise levels at GBI. The mean
maximum frequency falls within the middle range of what has been reported globally
(Appendix 4.2).

As previously discussed, it has been reported that whistles produced in environments with
higher ambient noise tend to be longer with higher mean frequencies, maximum
frequencies, frequency ranges and more contour inflections (Boisseau 2004; Janik 2003).
However, this may only hold true for comparisons within populations or between
populations sharing similar repertoire characteristics, as this does not appear to be the
case at GBI. The mean, minimum and maximum frequencies recorded at GBI and
Fiordland were higher than most previously reported globally (Appendix 4.2). GBI is
isolated and it remains reasonably un-urbanised with no commercial whale and dolphin
watching tourism and few interactions with private watercraft were observed (unpubl.
data). Thus, it would be expected that dolphins at GBI would produce more whistles at
lower frequencies than other populations that are subject to higher levels of boat traffic

and increased ambient noise.

Each population could be affected by different evolutionary and environmental influences
(Bazta-Duran & Au 2004; Conner 1982). It is hypothesised that the low intra-population
variability of frequency parameters is linked to environmental adaptations and the
biological limitations of sound production and similarities may occur in close populations
(Wang et al. 1995). The higher frequency parameters (mean, minimum, maximum) for
New Zealand populations may be a function of a unique environmental feature that the
populations share that limit whistle production at lower frequencies or it could be a
function of a shared cultural or biological heritage. Whistle characteristics could be
shaped by differences in habitat, ecology, social group and contextual behaviour between

different populations (Lopez 2011).

107



Lower whistle frequencies in groups with calves and in larger groups (group size and calf
presence was correlated) have been reported, and was hypothesised to be related to a
larger group dispersal and mother-calf pairs remaining in vocal contact (Massey 2014).
GBI consistently has large groups with calves yet whistle parameter frequencies were
generally higher than what Massey (2014) reported in Cardigan Bay, Wales. Group size
categories were much larger in this study than Massey (2014), and mean whistle
frequency was similar, while maximum was lower, to that reported at BOI and Fiordland.
This would be unexpected if group composition at GBI was influencing the whistle
parameters, and it is likely to imply that other factors are contributing to these features.

There are a number of factors that can influence whistle parameters. The whistle
frequency parameters of New Zealand populations seem to be higher than most others
reported and may be a function of a unique feature effecting the three populations. The
mean whistle duration and number of inflection points recorded at GBI may reflect the
relative isolation of this habitat relative to other bottlenose dolphin populations.

4.4.3 Whistle type

It has been reported that specific types of vocalisations are produced within behavioural
contexts for some mammal species. For example; pan hoots in chimpanzees (Pan
troglodytes; Notman & Rendall 2005) contact calls of female baboons (Papio
cynocephalus ursinus; Rendall et al. 2000), and alarm calls produced by suricates
(Suricata suricatta; Manser 2001). Dolphin whistles are frequency-modulated signals
which can be broadly categorised by their frequency contour, which are often associated
with behavioural state (Cook et al. 2004; Hawkins & Gartside 2009a, 2009b, 2010; Janik
et al. 1994). Associations between behaviours and call types or whistle types have been
identified for Killer whales (Orcinus orca; Foote et al. 2008) and North Atlantic pilot
whales (Globicephala melas; Weilgart & Whitehead 1990).

Asc whistles were the most common whistle reported in this study, which is consistent
with the literature, as this type of whistle is often reported in high rates (Appendix 4.3).
Asc whistles were also recorded relatively consistently across all behavioural states. This
further supports the idea that Asc whistles play an important part in bottlenose dolphin
communication and function as a contact call (Janik et al. 1994; L6pez 2011; McCowan
& Reiss 2001). In addition to Asc whistles, Sine, Desc, 3-loop and Multi whistles were
used broadly over behavioural states and may suggest that the function of these whistles
is extensive and adjustments in their parameters may provide more context than can be

identified in the present study. Constant whistles were the least commonly recorded
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whistle. Constant whistles were associated with milling during this study. Desc whistles
were not recorded often, but were recorded in similar proportions across all behaviours;
these whistles have previously been recorded in limited contexts or situations for
Tursiops spp. (Hawkins & Gartside 2010; Lopez 2011; Ward et al. 2016). Some whistle
types may be used in different contexts for different populations or species. For example;
Asc and Constant whistles have previously been associated with social behaviour in Indo-
Pacific bottlenose dolphins, while concave whistles have been associated with milling,
and Sine whistles have been associated with travelling (Hawkins & Gartside 2009a,
2009b, 2010).

Asc-desc whistles were recorded almost twice as often as Desc-asc whistles. Similar
results have also been reported in Brazil, but occurred in reverse in Italy (Appendix 4.3).
Both types of concave whistles (Asc-desc and Desc-asc) were associated with foraging,
while Constant, Multi and 3-loop whistles were recorded in particularly low levels during
foraging. This suggests that Asc-desc and Desc-asc whistles may serve different functions
and should be assessed separately, which has not been the case in some studies for Indo-
Pacific bottlenose dolphins (Hawkins & Gartside 2010; Ward et al. 2016).

Whistles with multiple inflection points were more difficult to compare against the
literature, as the grouping of these whistles varies between studies. Asc whistles and
Multi whistles were equally reported as the most common for one study on Indo-Pacific
bottlenose dolphins in Australia (Hawkins & Gartside 2010), while another study
suggested that Multi was the most recorded whistle (Ward et al. 2016). In Brazil, Multi
whistles were also the most common for bottlenose dolphins (Azevedo et al. 2007).
However, the previous three studies all classified Multi whistles as any whistle with
greater than one inflection point. When combining these whistles (Sine, 3-loop and Multi;
all whistle types with greater than one inflection point) in this study, they also make up
the most prevalent whistles (31.9%). Alternatively, Diaz Lopez (2011) separated Sine
whistles, but combined Multi and 3-loop, though these were recorded less often than Asc

whistles.

In the present study, whistle type was influenced by group size. Asc and Constant
whistles were recorded more often as group size increased. Asc and Constant may
increase as a function of group size as it would be more difficult for individuals within
the group to remain in contact. This would further reinforce the hypothesis that Asc
whistles function as a contact call (Janik et al. 1994; Lépez 2011; McCowan & Reiss
2001). Concave whistles (Asc-desc & Desc-asc) decreased with group size. Sine and 3-

loop whistles were recorded most often at an intermediate group size, while Multi was
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recorded most often in large groups. As mentioned prior, Sine, 3-loop and Multi were
recorded relatively consistently across all behaviours, with the exception of foraging, and
when combined were the most common whistle recorded. Sine whistles have previously
been associated with group cohesion (Hawkins and Gartside 2009a) which may also
reflect its use here. If Sine, 3-loop and Multi were classed as one whistle type, it may be a
considered a repeating signal. As group sizes increase, the signal is repeated more often;
from concave (Asc or Desc), to Sine, to 3-loop and finally to Multi type whistles. This
may be a function of the sender trying to ensure their signal is heard by the intended
recipient over the increased noise of a larger group by producing a repeating whistle.
These results may indicate that these whistles are important for maintaining contact;
potentially they may be of particular importance to mother-calf pairs, given the high
proportion of immature animals at Great Barrier Island.

Further defining of whistle types by more details, such as steps and turns (Bazua-Duran
& Au 2002), may reveal more specific uses of whistles within behavioural contexts. The
whistle types recorded may also be driven by individual behavioural events (e.g.
breaching, spy hopping, chasing, etc.) rather than behavioural states. A particular
behavioural event may occur across multiple behavioural states (Miller et al. 2011). A
behavioural event may be associated with a certain whistle type, thus the whistle would
also be recorded over multiple states, and vice versa; a behavioural event may be limited
to certain behavioural state and thus, so too is the whistle type. As it is almost impossible
to determine a wild individual dolphin’s acoustic productions within a group of animals,
future studies may instead attempt to correlate the frequency of particular whistle types
with the frequency of behavioural events. As mentioned previously, other forms of
communication used by bottlenose dolphins may influence the rate of whistles;
additionally, this could provide another explanation for the occurrence of certain whistle
types. For example, whistles thought to function as contact calls, such as Asc whistles
(Janik et al. 1994; Lépez 2011; McCowan & Reiss 2001), may decrease in conjunction
with an increased use of short range communication forms, such as tactile exchanges or

posture signals.

4.4.4 Summary

Whistle rates recorded at GBI were consistent with other studies of bottlenose dolphins in
New Zealand, though these rates are higher than those recorded in other populations,
even given the high proportions of resting behaviour. These high whistle rates may
correlate to the large group size and high number of immature animals. Some frequency

parameters at GBI were higher than expected given the perceived low levels of
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anthropogenic noise, further research is required to determine the factors influencing
whistle parameters here. Only three whistle types were correlated to behavioural states at
GBI, though Asc whistles were the highest recorded which is consistent among studies of
bottlenose dolphins. Including further details to differentiate whistle types may yield
further insight into the use of whistles at GBI. Additionally, a full acoustic repertoire

analysis should be completed in future to understand this population’s communications.
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Chapter 5

General Discussion

Bottlenose dolphins breaching synchronously at Great Barrier Island, New Zealand.
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5.1 Overview

Human population growth and increased per capita demands on resources represent the
root cause of what is currently described as a mass biodiversity extinction (Caro &
Sherman 2011). Preventing further biodiversity loss under increasing anthropogenic
pressure is one of the greatest challenges facing ecology and conservation biology
(Albouy et al. 2017). The situation of marine mammal conservation is particularly
concerning, given that the conservation status of a large proportion of species remains
unknown due to insufficient data (Davidson et al. 2012). Often cetaceans are wide
ranging and found in diverse habitats, which makes them susceptible to a wide range of
anthropogenic threats, including: incidental by-catch, habitat loss, entanglement in fishing
gear, exposure to pathogens and pollutants, collisions with vessels, underwater noise, and
tourism (Avila et al. 2015; Aznar-Alemany et al. 2017; Burgess et al. 2018; Cecchetti et
al. 2017; Constantine et al. 2004; Cruz et al. 2018; Fenton et al. 2017; Fossi et al. 2017;
Hoydal et al. 2017; Karczmarski et al. 2017; McWhinnie et al. 2017; Nichol et al. 2017;
Peel et al. 2018; Putland et al. 2017; Sanganyado et al. 2018; Siciliano et al. 2017;
Wisniewska et al. 2018).

Because cetaceans face a wide range of threats, the argument for their conservation is
strong. Cetaceans are economically important as the whale-watching industry is worth
over $1 billion per annum globally, and in New Zealand a total expenditure of over $80
million was contributed to the economy due to whale watching activities in 2008
(O’Connor et al. 2009). Cetaceans are also reported to be sentinel or indicator species for
the decline in the state of marine ecosystems (Godard-Codding et al. 2011; Moore 2008).
They are often essential to marine ecosystems and have a large influence on their
community (Estes et al. 2011; Katona & Whitehead 1988; Roman & McCarthy 2010),
helping to maintain the health and integrity of the ecosystem (Bowen 1997; Sergio et al.
2008). They also benefit from the attention of the public and media, as well as political
interest, as cetaceans are often labelled as ‘charismatic species’ (Hoyt 2012). Charismatic
species act as flagship species by promoting marine conservation and, as umbrella species
by protecting other marine species indirectly through conservation efforts (e.g. marine
protected areas) designed to protect the dolphins (Hooker & Gerber 2004; Hoyt 2012;
Wang et al. 2016).

Currently, bottlenose dolphins (Tursiops truncatus) are globally considered to be Least
Concern by the IUCN Red List (IUCN 2016) although, in New Zealand they are
considered as Nationally Endangered (Baker et al. 2016). Finding appropriate means to

effect management requires the identification of threats and critical habitat (Baird et al.
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2012). So far, studies in habitat selection for the north-eastern North Island population
have focused in the Bay of Islands (Constantine et al. 2004; Hartel et al. 2014; Peters
2018). Given their rating in the New Zealand Threat Classification System, it is a priority

to determine important habitats for New Zealand bottlenose dolphins.

This final chapter outlines the key research findings and their contribution and
significance. The limitations are examined and finally, directions for future research are

assessed, with resulting recommendations presented.

5.2 Summary of research findings

The main research findings of this thesis are summarised for each chapter. It is important
to note that the results of this study are based on data collected during El Nifio conditions.
Subsequently, occurrence trends described in Chapter 2 and behavioural, and therefore
acoustic, data described in Chapter 3 and 4 respectively, may be expected to vary under
La Nifia and neutral conditions. Though this study is limited to El Nifio conditions, the
findings of Chapter 2 suggest future variation in occurrence caused by these conditions

could be at least partially tracked using citizen science.

Citizen science is becoming an increasingly popular method of data collection for
scientific inquiry, including disciplines such as ecology and environmental science
(Ballard et al. 2017; Bhattacharjee 2005; Bonney et al. 2009; Conrad & Hilchey 2011;
Cooper et al. 2014; McKinley et al. 2017; Shannon et al. 2016; Silvertown 2009). Citizen
science has been used in a range of conservation studies, including: monitoring
anthropogenic litter (Nelms et al. 2017) and invasive species movements (Grason et al.
2018; Pocock et al. 2017), predicting population trends (Dennis et al. 2017), assessing
species distributions (Fournier et al. 2017), investigating biodiversity (Stuart-Smith et al.
2017) and for adaptive management purposes (Mair et al. 2017). Yet, it is not a common
method in cetacean research. It has been applied to population studies for harbour
porpoises (Phocoena phocoena; Camphuysen 2011), humpback whales (Megaptera
novaeangliae; Tonachella et al. 2012) and bottlenose dolphins (Embling et al. 2015b;
Veneruso & Evans 2012), and the occurrence and distribution of multiple cetaceans off
the south-eastern coast of Brazil (Lodi & Tardin 2018).

This thesis provides evidence that citizen science could assist in collecting data over large
spatial scales for coastal cetaceans, especially where dedicated systematic science is
lacking. However, training is required to ensure accurate data collection, as citizen

scientists often failed to identify species appropriately. The social media platform
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Facebook provided a great means for promoting recruitment, conservation and ethical
viewing practices, though it proved difficult for rigid data collection. Facebook should be
used to compliment citizen science efforts rather than as a direct means to collect data per
se. Facebook was utilised in data collection for Lodi and Tardin (2018), however their
citizen science data were based on photographs/video footage and fewer details were

required from citizen scientists, thus less stringent data collection practices were required.

Citizen scientists reported three species of delphinids; bottlenose dolphins, common
dolphins (Delphinus spp.) and Killer whales (Orcinus orca). Citizen scientists were able
to identify killer whales based on their distinctive characteristics but struggled to
differentiate between common or bottlenose dolphins, instead just reporting ‘dolphins’.
Misidentifications were rare as species was not often identified in citizen scientist reports,
but occasionally bottlenose dolphins were misclassified as common dolphins and killer
whales, while common dolphins were misidentified as bottlenose dolphins. Researcher
confirmation was the method used most commonly to validate citizen science reports.
Observer rating was rarely used as confirmation of species identity, which highlights the
need for training in citizen science. Citizen scientists often underestimated group size and

rarely reported behavioural states.

Citizen science was able to detect more sightings of bottlenose dolphins than the research
vessel alone. Citizen scientists often greatly expand temporal and spatial efforts of studies
to scales that professionals could not reach on their own (e.g. Kelling et al. 2015; Ries &
Oberhauser 2015; Van der Wal et al. 2015), which has also been demonstrated previously
in cetacean research (Embling et al. 2015; Lodi & Tardin 2018; Wharton 2015). This
increase in spatial and temporal data collection that professional scientists could not
achieve in isolation is one of the most compelling arguments for the use of citizen
science. Citizen science reports often allowed the dolphins’ movement to be tracked
along the coastline. Citizen science was also useful in alerting the research vessel to the
presence of bottlenose dolphins in real time for further data collection. As residents live
on or close to the coastline, they observe or visit beaches and coastal areas often daily and
thus, the probability of sighting dolphins is greater than that of professional surveys alone
(Lodi & Tardin 2018).

Rigorous comparisons of the data reported by citizen science and that of researchers in
the present study were not possible due to the low sample sizes from the research vessel.
Only three sightings of bottlenose dolphins that were detected by the research vessel and
platform of opportunity remained undetected by citizen scientists. There appears to be

little bias in effort based on season, as no bottlenose dolphins were reported in summer
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and a similar number of independent reports occurred throughout autumn, winter and
spring. Similarly, there appears to be little bias in effort for time of day, as there were
more sightings of bottlenose dolphins in the morning in autumn and winter. It was
expected that reports would peak in the afternoon, as effort would be concentrated to the
warmest time of day. Citizen science reports did appear biased towards the
Whangaparaoa section of the study area. Though, it is difficult to determine whether this
is a bias in search effort or reflective of the dolphins’ movement patterns, as the research
vessel did not detect further sightings in the North Shore area. Some studies use statistical
tools to counter errors and biases from citizen science data (Bird et al. 2014; Kelling et al.
2015), though in some cases there was little difference in data quality between
professionals and citizen scientists (Danielsen et al. 2014; Edgar & Stuart-smith 2009;
Kosmala 2016; Lewandowski & Specht 2015). High data quality may be possible for this
type of study if citizen scientists are given appropriate training resources.

This chapter also assessed bottlenose dolphin occurrence in a limited area of the inner
Hauraki Gulf using citizen science and boat based surveys. As the study area was a small
proportion of the entire Hauraki Gulf, the average citizen science sighting rate was low
(0.28 confirmed reports per day). Bottlenose dolphins primarily use the area during
winter and were notably absent during summer, which is consistent of habitat use
reported for the inner Hauraki Gulf (Berghan et al. 2008; Dwyer et al. 2016; Martinez et
al. 2010). The bottlenose dolphins were often reported close to the coastline by citizen
science which may infer why previous studies have failed to detect them so readily.
Bottlenose dolphins were often recorded travelling, while foraging and resting were
rarely observed. This high proportion of travelling is consistent with other studies in New
Zealand (Constantine 2002; Lusseau 2004; Merriman 2007; Schneider 1999; Peters &
Stockin 2016).

Citizen science may be able to aid data collection for coastal cetaceans in the Hauraki
Gulf if the method can be improved. The citizen science data collected in the present
study may indicate that bottlenose dolphins occur within the inner Hauraki Gulf more
frequently than previously thought. Though, the study area surveyed appears to primarily

serve a corridor for the dolphins to reach other important habitats.

Protecting a species requires an understanding of the variables driving their distribution
and abundance (Boulangeat et al. 2012; Manly et al. 2002; Moe et al. 2007). Habitat
selection studies demonstrate how environmental factors influence how animals navigate
and select habitats (Allen et al. 2014; Jones 2001; Sanchez-Clavijo et al. 2016). Group

parameters and environmental variables were assessed for bottlenose dolphins at Great
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Barrier Island to gain an understanding of how these animals select habitat. The north-
eastern North Island population of bottlenose dolphins have been poorly studied outside
of the Bay of Islands. Determining which areas are important is crucial for their
conservation. Great Barrier Island has been reported as an important location for this
population given the large group sizes and high prevalence of calves (Dwyer et al. 2014).
Bottlenose dolphins at Great Barrier Island were recorded in large group sizes in this
studywith all but one group containing immature animals.

Bottlenose dolphins were recorded in temperatures ranging from 13.5 - 24.1°C and
depths of 1.8 - 55.3m. They were also recorded in a range of depths and temperatures
each season, though bottlenose dolphins were observed in higher mean sea surface
temperature and greater mean depths for autumn and summer than for winter and spring.
This is consistent with a previous study at Great Barrier Island, whereby encounter
probability was higher in deeper waters for summer and shallower waters during winter
and spring (Dwyer et al. 2014). Temperatures recorded by Dwyer (2014) were also higher
in summer and autumn. The largest group size category (50+ animals) at Great Barrier
Island was only recorded during autumn, which is inconsistent with Dwyer et al. (2014).
However, the largest groups recorded in the present study were recorded with the highest
mean sea surface temperatures, which is consistent with Dwyer et al. (2014). The largest
groups were also recorded in the greatest mean depths in comparison to smaller groups in

the present study.

Bottlenose dolphins at Great Barrier Island were primarily observed to be engaged in a
resting behavioural state, which is inconsistent with other studies of bottlenose dolphins
in New Zealand (Lusseau 2004; Merriman 2007; Peters & Stockin 2016; Schneider 1999)
and globally (Baker, O’Brien, McHugh, Ingram & Berrow 2017; Bas et al. 2017; Bearzi
et al. 1999; Beddia 2007; Filby et al. 2017; Inoue et al. 2017; Mattos et al. 2007;
Vermeulen et al. 2015). Resting was often observed close to shore and was positively
influenced by SST and negatively by depth. The large proportion of resting is
hypothesised to correlate to the high number of immature animals reported at Great
Barrier Island, which is thought to offset the cost of lactation (Kastelein et al. 2002) and
is the main behavioural state in which female dolphins nurse their calves (Stensland &
Berggren 2007).

Milling and travelling made up similarly large proportions of the behavioural budget.
This is inconsistent with other studies of bottlenose dolphins, as travelling often makes up
the largest proportion of the behavioural budget (Baker, O’Brien, McHugh, Ingram &
Berrow 2017; Bas et al. 2017; Bearzi et al. 2009; Beddia 2007; Filby et al. 2017; Inoue et
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al. 2017) while milling makes up the smallest (Filby et al. 2017; Hanson & Defran 1993;
Lusseau 2004; Merriman 2007; Sini et al. 2005; Vermeulen et al. 2015). Sea surface
temperature was the most important factor to influence milling, which had a negative
correlation. The role that milling plays is still not understood (Neumann 2001b), but it is
thought to fulfil multiple behavioural requirements (Constantine 2001; Neumann 2001b).
Travelling was influenced by sea surface temperature and depth, and had a positive
correlation with these variables. As travel is thought to function as means of locating prey
(Beddia 2007; Garcia et al. 2017; Karniski et al. 2015; Mattos et al. 2007b), it is thought
that the warmer waters may influence prey distributions and that the bottlenose dolphins
at Great Barrier Island forage in deeper waters. Travel - slow was the most recorded
travelling speed and is thought to correlate to the high proportion of resting behaviour
(Bearzi et al. 1999).

Foraging and socialising were rarely observed behavioural states and thus were not
predicted by the model. Though, the model did indicate that foraging had a positive
correlation with depth and increased at lower latitudes and longitudes, while increasing
longitude, sea surface temperature and depth were important for predicting socialising.
Foraging can make up large (Garcia et al. 2017; Mattos et al. 2007; Sini et al. 2005;
Veneruso & Evans 2012) or small (Bearzi et al. 2009; Merriman 2007; Schneider 1999)
proportions of bottlenose dolphin behavioural budgets. The low proportion of foraging
recorded at Great Barrier Island may indicate that dolphins primarily engage in solitary

foraging and/or it could suggest low levels of prey.

Socialising does not commonly make up a significant proportion of behavioural budgets
(Baker, O’Brien, McHugh, Ingram & Berrow 2017; Beddia 2007; Filby et al. 2017;
Garcia et al. 2017; Kiszka et al. 2011; Lusseau 2004; Veneruso & Evans 2012;
Vermeulen et al. 2015). The correlation socialising has with longitude and depth are
hypothesised to correlate with the physical space required or seabed substrate necessary
to facilitate the behavioural events (e.g. breaching or playing with seaweed) that are
associated with this behaviour. The positive correlation with sea surface temperature may
be associated with a mating season for bottlenose dolphins at Great Barrier Island (Miller
et al. 2010).

These results provide further evidence that Great Barrier Island is an important habitat for
the north-eastern North Island bottlenose dolphins. These waters may be important for
nursery groups, indicated by the high proportion of resting behaviour and prevalence of
immature animals. The habitat at Great Barrier Island could support this, as it has many

sheltered bays and potentially an abundance of prey.
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Vocal communication is crucial to mediating the interactions of social animals
(McGregor & Peake 2000; Tyack 2003). Categorising these vocalisations provides an
understanding of the functionality, social relevance and geographical variation of these
signals (Boisseau 2005; Lopez & Shirai 2009). The whistle repertoire of bottlenose
dolphins at Great Barrier Island was assessed and categorised to gain insight into their
vocal behaviour. The median number of whistles per minute per dolphin (0.38) is
consistent with that reported in the Bay of Islands (Snell 2000); however the mean
number of whistles per minute per dolphin (0.5 £0.53) was higher than that reported for
bottlenose dolphins elsewhere (Azevedo et al. 2007; dos Santos et al. 2005; Jones &
Sayigh 2002). There was no significant difference of the mean whistle rate between the
different group size categories; though, the highest whistle rates were recorded in the
smallest group sizes. Trends appear to vary between studies, as negative correlation
between group size and whistle rates have been reported previously (Hawkins & Gartside
2010; Quick & Janik 2008). The consistently high whistle rate is hypothesised to occur
due to the large group sizes and the high numbers of immature animals at Great Barrier
Island, as mother-calf pairs remain in contact; alternatively, it may be a function of this
population’s acoustic repertoire, which remains constant throughout the bottlenose

dolphins’ home range and various group dynamics.

The highest whistle rate was recorded during foraging for bottlenose dolphins at Great
Barrier Island. Socialising also appeared to have a higher whistle rate than milling,
resting and travelling, though it was not significantly different. The high whistle rates
reported here for foraging and socialising are consistent with other studies of Tursiops
spp. (Acevedo-Gutiérrez & Stienessen 2004; Cook et al. 2004; dos Santos et al. 2005;
Hawkins & Gartside 2010; Jones & Sayigh 2002; Lépez & Shirai 2009; Quick & Janik
2008). High whistle rates during foraging may have been recorded as high rates of
communication could be required to coordinate large groups. Alternatively, increased
whistle rates may be correlated to increased levels of excitement during foraging and

socialising.

The whistle parameter with the largest variation was the number of inflection points,
followed by length and frequency range. The number of inflection points and whistle
length has previously been associated with high variability and are thought to convey
specific information from different contexts or individuals (Azevedo et al. 2007; Gridley
et al. 2015; Lopez 2011; Morisaka et al. 2005; Wang et al. 1995). The mean length of
whistles for bottlenose dolphins at GBI was 0.84s with a mean frequency of 11.64kHz
and a mean number of inflections points of 1.41. Given the high variability of duration

and the number of inflection points, these means fall within the range typically reported
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for bottlenose dolphins. Conversely, the mean whistle frequency is similar to that
reported in other New Zealand populations, but higher than that previously reported in
Brazil and the Mediterranean Sea (Appendix 4.3). Notably, minimum and maximum
frequencies for Great Barrier Island (present study) and Fiordland (Boisseau 2004) are
higher than what is typically reported globally for bottlenose dolphins (Appendix 4.3). It
is difficult to determine why these parameters are higher at Great Barrier Island, given the
perceived low levels of anthropogenic noise. The high frequencies may relate to a unique

feature of New Zealand’s waters or alternatively, may occur due to a shared heritage.

Ascending whistles were the most commonly recorded whistle type while Constant
whistles were rarely recorded. They are usually reported in high proportions in the
whistle repertoire of Tursiops spp. and it is thought to function as a contact call (Hawkins
& Gartside 2010; Lépez 2011; Ward et al. 2016). Only three whistle types were
associated with behavioural states. Ascending-descending and Descending-ascending
were associated with the behavioural state foraging and Constant whistles were
associated with milling. Group size also influenced whistle type, as Ascending and
Constant whistles increased with group size; Ascending-descending and Descending-
ascending showed the opposite trend. Sine and 3-looped whistle types were recorded
more often at intermediate group sizes while the Multiple looped whistle type was
recorded more often in the largest group size category. The pattern described above for
Ascending-descending, Descending-ascending, Sine, 3-looped and Multiple looped
whistles is thought to represent a repeated contact signal. As the group size increases, the

contact signal is repeated more often to ensure it reaches the intended receiver.

The whistle parameters recorded at Great Barrier Island warrant further investigation. The
high whistle rates and frequency parameters were unexpected given the perceived low
levels of anthropogenic noise, and may relate to the high prevalence of calves or be
indicative of population wide acoustic traits. Ascending whistles appear to play a key role
in bottlenose dolphin communication at Great Barrier Island. It is also possible that all
whistles featuring one inflection point or greater are actually the same whistle type, being
repeated without a break in the signal (i.e. the more inflection points it has, the more

often the signal is repeated) and could be important for maintaining contact.

5.3 Limitations

The engagement of the general public in data collection (i.e. citizen science) has the

potential to deliver unparalleled quantities of data over large spatial and temporal scales,
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as well as encouraging the public to engage in the scientific process (Bela et al. 2016;
Geldmann et al. 2016; Tewksbury et al. 2014). However, citizen science is often limited
by four categories of sampling bias originating from recording activity: 1) uneven
recording intensity over time, 2) uneven spatial coverage, 3) uneven sampling effort per
visit, 4) variability in detection skills among volunteers (Geldmann et al. 2016; Isaac et
al. 2014; Xue et al. 2016). As citizen scientists in the present study were passive rather
than active volunteers, it was not possible to examine biases in uneven sampling effort
and detection skills. Uneven recording intensity may have contributed to some bias
reported over time, as the number of members involved increased during the study period
and it is not possible to determine whether old members maintained the same level of
effort during the entire study period. Similarly, Lodi and Tardin (2018) could not measure
sampling effort from opportunistic citizen science reports of cetaceans.

This study primarily examined uneven spatial and temporal coverage. While citizen
science was able to provide a larger set of data than the research vessel alone, the spatial
range of this data collection was very limited in relation to the Hauraki Gulf coast line.
This limitation was largely a function of the scale of community in which the Facebook
was established for. Creating Facebook groups at this scale for the whole Hauraki Gulf
would make data consolidation extremely difficult, yet setting up larger groups to cover
these areas may reduce the sense of community and stewardship, and increase the risk of
increased boat traffic around the animals. Instead, it is recommended that a dedicated data
collection platform is established and promoted in existing general community Facebook
groups. Yet, data collected should be shared to ensure a sense of communal importance
and encourage sighting reports. The opportunistic nature of the reports also limited data
collection as volunteers remained untrained. Providing volunteers with materials could
improve data collection to ensure species are identified correctly and ensure the accurate

reporting of group sizes and behavioural data.

Behavioural studies have previously been limited to day light hours, uneven effort across
seasons, low behavioural sample sizes, and limited sampling days (Baker, O’Brien,
McHugh, Ingram & Berrow 2017; Filby et al. 2013, 2017; Kiszka et al. 2011; Mattos et
al. 2007; Veneruso & Evans 2012). Due to the limited study period and unfavourable
weather conditions, fewer trips and subsequently less data were collected than expected
for the present study at Great Barrier Island. Three of the behavioural states examined
were explained well by the models, but limited sample sizes for foraging and socialising
meant that the models never predicted these behavioural states. Data analysis for
behaviour was hindered by low samples sizes. This limited study period also resulted in a

bias of search effort, and therefore observations, to be concentrated on the south-western
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coastline of Great Barrier Island, as time constraints compelled search efforts to be
focused on previous sightings of bottlenose dolphins. Thus, the behavioural budget here
may be reflective of the area surveyed rather than the entire western Great Barrier Island
coastline. Additionally, the present study was limited to diurnal hours and thus rare

behaviours reported here may be under-represented.

Limitations that have previously been reported for acoustic studies include; low acoustic
sample sizes, limited equipment capabilities and restricted survey areas (Acevedo-
Gutiérrez & Stienessen 2004; Ansmann et al. 2007; Azevedo et al. 2007; Hawkins &
Gartside 2010; May-Collado & Wartzok 2008). While this study did provide insight into
the whistle repertoire for bottlenose dolphins at Great Barrier Island, sample sizes were
limited in the same manner previously outlined for behavioural samples. This study was
also limited to whistle repertoire due to the recording limitations of the equipment and the
broad scale of the overall thesis structure. Many studies have focused on whistle
repertoire (Boisseau 2005; Diaz Lopez 2011; Ralston & Herman 1995), though it is only
part of the acoustic repertoire of bottlenose dolphins which also includes sounds such as
buzz trains and squeaks (Boisseau 2005).

5.4 Future research

This study highlights the need to further investigate habitat use for bottlenose dolphins in
the inner Hauraki Gulf. Key research questions should focus on habitat use within the
Hauraki Gulf, including occurrence, movement patterns, and habitat selection. Given the
large area of the Hauraki Gulf, future studies attempting to better understand the use of
the Hauraki Gulf for bottlenose dolphins should consider expanding citizen science data
collection, particularly to cover larger expanses of coastline in the inner Hauraki Gulf and
the coastline of the inner Hauraki Gulf islands. Training would be required to ensure
citizen scientists are reporting accurate data (Newman et al. 2003) and a dedicated data
entry platform would offer a certain level of rigidity to data collection. Citizen science
training would not just ensure that the correct species is being reported, but also allow
citizen scientists to accurately report more parameters, such as group size/composition
and behavioural state. It would also be beneficial to encourage citizen scientists to upload
photographs and video footage. Though, this may be limited, as it may be difficult for
citizen scientists to capture good quality images from shore without the use of a high
guality camera. Using a dedicated data collection platform, such as an application for a

mobile phone, would also allow the inclusion of GPS coordinates for each report. It is
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also recommended that citizen sightings are validated by a dedicated research vessel
(Lodi & Tardin 2018).

It is recommended that behavioural and acoustic data collection is continued at Great
Barrier Island to increase the sample size, which is required to better understand the
habitat selection of the local bottlenose dolphins. In particular, further samples are
required for the behaviour of smaller groups and the acoustic behaviour during rare
behavioural states. Furthermore, attempts should be made to collect behavioural and
acoustic data covering a more uniform area of the west coast of Great Barrier Island to
better understand the importance of these waters. Longer habitat selection studies are also
warranted in Great Barrier Island waters for bottlenose dolphins to assess the effects of
annual variations and La Nifia/El Nifio weather patterns on their behavioural budget.
Investigating bottlenose dolphin prey selection and their abundance at Great Barrier
Island could help to explain differences in behavioural budgets inter-annually and may
justify the individual foraging observed close to shore.

Future studies should analyse the full range of the bottlenose dolphins’ acoustic sounds at
Great Barrier Island to provide insight into the functionality, social relevance and
geographical variation of their repertoire. Understanding the whistle repertoire of
bottlenose dolphins in the context of their full acoustic repertoire may further explain the
results of the present study. Additionally, another variable that could influence whistle
frequency parameters is the seabed substrate (Massey 2014; Quintana-Rizzo et al. 2006).
This variable was not measured during the present study, though future studies should
collect information on the sea bed within the habitat the dolphins are utilising while
taking acoustic recordings. Ambient noise levels should also be measured to expand
understanding of the whistle rate and frequency parameters measured at Great Barrier
Island (Ward et al. 2016).

It is recommended that dedicated and continued photo-identification efforts are extended
to determine population demographics (Huang et al. 2012), social structures (Foley et al.
2010), and monitor reproductive parameters (Baker et al. 2018). It would also be prudent
to gain information regarding bottlenose dolphin occurrence on the east coast of Great
Barrier Island and Rakitu Island to determine if these waters are also important to the

bottlenose dolphins.
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5.5 Concluding statement

This study was intended as an initial step to assess the usefulness of citizen science in the
Hauraki Gulf and to investigate the occurrence of bottlenose dolphins in the inner
Hauraki Gulf coastline. The results presented here indicate that Facebook is not an
efficient way to collect reliable cetacean data, but it is useful for promoting conservation
and stewardship. Despite the difficulties and limitations outlined, citizen science did
supplement dedicated surveys and helped to determine that bottlenose dolphins occur
within the study area most often in winter and rarely, if at all, in summer. Training citizen
scientists is essential to ensure the accuracy of the data collected. Recognising how
bottlenose dolphins utilise the inner Hauraki Gulf will provide a better understanding of
the movements and occurrence of the north-eastern North Island population.
Understanding how the north-eastern North Island population of bottlenose dolphins
utilise their entire range will enable for more comprehensive protection of this

population.

This thesis also constitutes the first assessment of the behavioural budget and whistle
repertoire of bottlenose dolphins at Great Barrier Island. While further assessment is
required to understand the habitat use of bottlenose dolphins are Great Barrier Island, the
results reported here support the idea that these waters are important for bottlenose
dolphins. Policy makers and managers should note the significance of maintaining the
integrity of these waters, given the large group sizes, high number of calves and the
unique behavioural budget reported here. It is recommended that policies beyond the
MMPR are proactively implemented to protect these waters for the north-eastern North
Island population of bottlenose dolphins. Additionally, the collection and analysis of
long-term datasets is required to account for inter-annual variation in occurrence and
behaviour. A deeper understanding of the habitat selection of bottlenose dolphins at Great
Barrier Island will enable the effective management and conservation for this Nationally

Endangered species.
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Appendix 1.1

Review of citizen science websites dedicated to cetacean research.

Main Purpose Location

Organisation

Website Domain

Murdoch Marine animal Western

University monitoring Australia

Whale Alert Reduce ship  West

strike Coast,
USA
Dolphin Cetacean Victoria,
Research monitoring Australia
Institute
E3C Cetacean South
monitoring Africa
Seawatch Cetacean United
Foundation monitoring Kingdom
River Indo-Pacific Swan
Guardians Bottlenose River,
dolphin Australia
monitoring
Gotham Whale Cetacean New
monitoring York,
USA
UK Natural Cetacean United
History stranding Kingdom
Museum records
Match My  Humpback Australia
Whale whale

http://mucru.org/our-research/research-
projects/citizen-science-coastal-
walkabout/

http://www.whalealert.org/

http://www.dolphinresearch.org.au/rese
arch/

https://seasearchafrica.wordpress.com/2
016/03/29/mapping-dolphin-

distribution-using-citizen-science/

http://www.seawatchfoundation.org.uk/

become-a-sea-watch-observer/

http://www.riverguardians.com/projects

/dolphin-watch/how-can-i-get-involved

http://www.gothamwhale.org/

http://www.nhm.ac.uk/take-part/citizen-
science/uk-whale-and-dolphin-
strandings.html

http://www.matchmywhale.org/
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http://mucru.org/our-research/research-projects/citizen-science-coastal-walkabout/
http://mucru.org/our-research/research-projects/citizen-science-coastal-walkabout/
http://mucru.org/our-research/research-projects/citizen-science-coastal-walkabout/
http://www.whalealert.org/
http://www.dolphinresearch.org.au/research/
http://www.dolphinresearch.org.au/research/
https://seasearchafrica.wordpress.com/2016/03/29/mapping-dolphin-distribution-using-citizen-science/
https://seasearchafrica.wordpress.com/2016/03/29/mapping-dolphin-distribution-using-citizen-science/
https://seasearchafrica.wordpress.com/2016/03/29/mapping-dolphin-distribution-using-citizen-science/
http://www.seawatchfoundation.org.uk/become-a-sea-watch-observer/
http://www.seawatchfoundation.org.uk/become-a-sea-watch-observer/
http://www.riverguardians.com/projects/dolphin-watch/how-can-i-get-involved
http://www.riverguardians.com/projects/dolphin-watch/how-can-i-get-involved
http://www.gothamwhale.org/
http://www.nhm.ac.uk/take-part/citizen-science/uk-whale-and-dolphin-strandings.html
http://www.nhm.ac.uk/take-part/citizen-science/uk-whale-and-dolphin-strandings.html
http://www.nhm.ac.uk/take-part/citizen-science/uk-whale-and-dolphin-strandings.html
http://www.matchmywhale.org/

Main Purpose Location Website Domain
Organisation
monitoring
Pacific Whale Humpback Maui, http://www.pacificwhale.org/content/73
Foundation whale USA 2-humpback-whales-sighted-during-
monitoring great-whale-count-2016
Carib Tails Humpback Caribbea  http://www.caribtails.org/home.html
whale n
monitoring
Alaska Whale Cetacean Global http://www.whalemapp.org/
Foundation monitoring
Northeast Monitoring Salish http://www.northeastpacificminke.org/c
Pacific Minke minke whales Sea, itizen-science-project.html
Whale Project Canada/U
SA
Wild Whales Cetacean  and British http://wildwhales.org/sightings-
sea turtle  Columbia network/about-wild-whales/
monitoring , Canada
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http://www.pacificwhale.org/content/732-humpback-whales-sighted-during-great-whale-count-2016
http://www.pacificwhale.org/content/732-humpback-whales-sighted-during-great-whale-count-2016
http://www.pacificwhale.org/content/732-humpback-whales-sighted-during-great-whale-count-2016
http://www.caribtails.org/home.html
http://www.northeastpacificminke.org/citizen-science-project.html
http://www.northeastpacificminke.org/citizen-science-project.html
http://wildwhales.org/sightings-network/about-wild-whales/
http://wildwhales.org/sightings-network/about-wild-whales/

Appendix 3.1

A complete behavioural budget for bottlenose dolphins at Great Barrier Island, New Zealand,

including combined behaviours.
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Appendix 3.3

Partial dependence plots which visualise the effect of each variable on the model response for the behavioural state travel — normal/fast.
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Appendix 4.1

Review of mean (standard deviation) whistle rates for bottlenose dolphins. The shaded rows

represent median values rather than means, SE = Standard error reported instead of standard

deviation
. . Number of whistles Number_of whistles
Location Species . per minute per Reference
per minute dolphin
GBI, New Zealand Tursiops truncatus 26.84(SE=1.02) 0.50 (0.53) Present study
GBI, New Zealand Tursiops truncatus - 0.38 Present study
21257 @1 FIETTER, [N Tursiops truncatus - 0.37 Snell 2000
Zealand
By @ Lelkmels - Tursiops truncatus - 0.21 Snell 2000
Boats
Sardinia, Italy Tursiops truncatus 2.24 (SE=0.29) - Lopez & Shirai 2009
Sado Estuary, . dos Santos et al.
Portugal Tursiops truncatus - 0.28 (0.54) 2005
Patos Lagoon Tursiops truncatus - 0.8 (-) Azevedo et al. 2007
estuary, Brazil P ' '
Sarasota Bay, USA Tursiops truncatus 1.89 (SE=0.10)-5m - Cook et al. 2004
Isla del Coco, Costa . Acevedo-Guitierrez
Rica (Foraging) Tursiops truncatus i 2.7(07) & Steindessen 2004
Isla del Coco, Costa . Acevedo-Guitierrez
Rica (Non-foraging) Tursiops truncatus i 0.4(0.08) & Steindessen 2004
Wilmington, NC
Intracoastal Tursiops truncatus - 0.13 (0.10) Jones & Sayigh 2002
Waterway (IWC)
Wilmington coastline Tursiops truncatus - 0.2 (0.22) Jones & Sayigh 2002
(Ocean) P A yi9
South Port, NC Tursiops truncatus - 0.4 (0.10) Jones & Sayigh 2002

coastline

177



Number of whistles

Number of whistles

Location Species . per minute per Reference
per minute X
dolphin
Sarasota, FL inshore Tursiops truncatus - 0.1 (0.07) Jones & Sayigh 2002
waters
New South Wales, . Hawkins and
Australia Tursiops aduncus - 0.75 (2.68) Gartside 2010
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