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Abstract

Common bottlenose dolphin (Tursiops truncatus, referred to hereafter as bottlenose dolphin)
fission-fusion groupings are temporary in nature, lasting from minutes to hours, necessitating
efficient signal exchange. The selective pressures and contexts acting on signal exchange, such
as ecotype variation, are not well understood. The objectives of the current study are three-fold
to: 1) quantify the density, distribution and abundance of bottlenose dolphin ecotypes and
identify the nature and areas of spatial overlap between the two in Far North waters; 2) examine
aspects of mechanical signal exchange based on biotic and abiotic factors; and 3) estimate the
effect of key ecotype specific contexts on group multimodal signal exchange. This thesis
applies a holistic approach to the assessment of signal exchange in ecotypes using the highly
social bottlenose dolphin as a model genus. Additionally, this body of work provides the first
comprehensive assessment of oceanic bottlenose dolphin distribution, abundance, and
behaviour ecology and the first ecotype spatial and behavioural overlap within New Zealand

waters.

Knowledge of population size, social behaviour, threats, and ability to integrate new
individuals is required to define management units. Although it has long been recognised that
the nationally endangered coastal bottlenose dolphin is not resident in the Bay of Islands but
genetically part of a North East coast population, no studies have quantified bottlenose dolphin
distribution in Far North waters outside of the Bay of Islands. This study provides the first
systematic analysis of detectability, distribution, and spatial overlap of both the coastal
bottlenose dolphin and the previously unquantified oceanic bottlenose dolphin in Far North
waters. Results suggest Far North waters are important for the coastal bottlenose dolphin,
supported by a higher average density (0.620 individuals/kilometre) than that reported for the
coastal bottlenose dolphin in other areas of the North East coast population. The importance of
assessment outside areas of commercial interest is further reinforced in this study. The Bay of
Islands local abundance is not reflective of the coastal bottlenose dolphin in the wider area, as
indicated by the higher Far North waters estimates of 212.8% (Austral Summer) and 196.1%
(Austral Winter). With no previous density or abundance estimates for oceanic bottlenose
dolphin in New Zealand, no comparisons can be drawn with other studies or historic research.
However, the distance sampling-based population estimate of 3,634 (SE = 152) indicates
oceanic bottlenose dolphin abundance is much higher than the 389 (SE = 108) coastal

bottlenose dolphin abundance estimate in Far North waters, even though their distribution is

1



seasonal with detection only in austral Summer and Autumn. Kernel density also indicates the
representative ranges (95 % kernel range) of the coastal bottlenose dolphin are smaller than the
oceanic bottlenose dolphin, extending over a total area of ~794 km? and ~1,003 km?,
respectively. This study further suggests these ecotypes should be described as largely
parapatric and non-resident in nature, with a minimal spatial overlap of only 7.4 % of Far North
waters surveyed (~196 km?). This is further supported by no sightings of the two ecotypes
within the same survey zone on the same day (n = 372 bottlenose dolphin sightings) during the

present study.

Behaviour can further add insight into the partitioning and variation of parapatric units within
a species. In Far North waters, whilst research on surface behaviour has been previously
conducted in the Bay of Islands, behavioural assessment in wider areas and based on a holistic
assessment of multiple signal forms is lacking in the literature. This study, however, applies a
systematic sampling technique and integrated analysis to identify trends in signal exchange
use. This is done by examining multiple behavioural modes (states and events, surface and
subsurface) concurrently. This ultimately provides an additional method for quantifying group
behavioural plasticity as a result of covariates acting on parapatrically occurring bottlenose
dolphin groups. In one assessment, cues were taken from avian acoustic research to accurately
quantify and analyse ecotype variation in call repertoire. In support of the parapatric definition,
call repertoire was correctly assigned to ecotype, with an 89.4% success rate (n = 31,432 calls).
Of all parameters examined, 71.4% exhibited significant variation, with harmonics and contour
inflections used significantly more in oceanic bottlenose dolphin. Both Dynamic Time
Warping in Luscinia and Hidden Markov Models add reliable insight into the categorisation of
key signal parameters and important tools for the primary assessment of differences in
bottlenose dolphin behaviour within Far North waters. Including the full behavioural repertoire
of oceanic bottlenose dolphin and coastal bottlenose dolphin through Hidden Markov Models
adds additional insight to the possible drivers behind the divergence in the call parameters
noted. It is notable that signal parameters are not influenced by the same key drivers for both
ecotypes. This is an important finding in a species in which most communication exchanges

involve acoustic signals in some form.

The formation of interspecific groupings has the largest effect on social signal exchange in
oceanic bottlenose dolphin of all covariates considered. The response magnitude is associated

with group parameters, for example, the ratio of individuals (e.g. pilot whales (Globicephala
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sp.) to oceanic bottlenose dolphins) and the behaviour and/or overall size of the focal group.
These aspects in turn determine the effect of participation in interspecific groups on oceanic
bottlenose dolphin behaviour. Oceanic bottlenose dolphins in interspecific groups with pilot
whales display higher call plasticity, both in the time and frequency domain, utilising
significantly higher measures for 66.7% of parameters, including longer and more complex
calls (increased number of harmonics and inflects), than in intraspecific oceanic bottlenose
dolphin groups. Signal adaptation is more evident when oceanic bottlenose dolphins and pilot
whales are directly interacting with each other during social events. During socialising states,
the predominant subsurface event type observed is aggression (59.4%, n = 233). As the ratio
of pilot whales to oceanic bottlenose dolphins increases, the use of long-distance signal
exchange decreases. This suggests that the observed decreases in interspecific similarity of
whistle parameters during social interactions may act to increase the ability to differentiate
species-specific rather than whole group signal exchange cues. Although species-specific call
differentiation is likely heightened by variation in gross morphology, phylogeny and
geographical constraints, frequency domain characteristic overlap between oceanic bottlenose
dolphins and pilot whales. The detected adjustments in signal structure away from intermediate
values may suggest a decrease in the increment in this overlap. Support is given to the theory
that signal exchange might be modified not only as a result of group behaviour state but also
due to the signaller’s motivational state (i.e. stress). While the full biological effects of changes
in whistle rates and parameters remain uncertain, these changes add initial insights to the

dynamics of interspecific groupings.

Number of vessels had largest effects on coastal bottlenose dolphin social signal exchange,
with response magnitude significantly related to group composition (ex. with or without calves)
and use of other signal exchange behaviours (ex. tactile type and rate). The response is also
influenced by acoustic parameters considered (frequency or call rate). The highest coastal
bottlenose dolphin density area, the Bay of Islands, contains the highest proportion of groups
with calves and the highest level of vessel traffic in Far North waters. Groups with calves
favour sounds typically used for short-distance signal exchange, appearing to increase the use
of mechano-reception in the presence of vessels. Overall, coastal bottlenose dolphins are more
likely to: (1) leave the low-call-rate state in the presence of one to two vessels (within 300m);
(2) leave the high-call-rate state when three or more vessels (adults only), or two or more
vessels in the case of groups with calves, are within 300m; and (3) stay in a relatively silent

state when more than three vessels are present. Furthermore, coastal bottlenose dolphins are
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more likely to (1) leave the low-call-rate state when contact rate is low; (2) leave the high-call-
rate state when contact rate is high; and (3) stay in a relatively silent state when contact rate is
high. This suggests an inverse relationship exists between call rate and contact rate, i.e. as
possible vessel effect increases, vocalisation-mediated coordination decreases, and mechano-
mediated coordination increases with a lower threshold for groups with calves than groups
without. Several drivers of elevated signal exchange rates have been suggested in the presence
of vessels. These include an increased motivation for individuals to stay close together, a
changed group cohesion and amplified arousal. However, this study adds new insights with the
quantification of multi-modal signal exchange in the presence of vessel. This has not been the

focus of previous research in any of the bottlenose dolphin populations in New Zealand.

Distribution, density, and abundance is now available for both bottlenose dolphin ecotypes,
with multimodal group behaviour in ecotype specific contexts additionally quantified. As such,
supplementary monitoring and reviews of the coastal bottlenose dolphin and oceanic bottlenose
dolphin parapatric populations in New Zealand are essential. Pre-emptive rather than reactive
conservation is recommended to effectively manage both bottlenose dolphin ecotypes

separately and efficiently in New Zealand waters.
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General Introduction
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Chapter 1 — General Introduction

1.1 Introduction

Understanding how populations behave and interact within specific areas and contexts is
crucial for applied conservation. This thesis is focused on these themes, with the all-
encompassing objective of advising adaptive management. The density, abundance,
distribution and spatial overlap of two focal common bottlenose dolphin ecotypes (coastal and
oceanic, Tursiops truncatus) in Far North waters, New Zealand (NZ), are initially investigated
to provide context for subsequent questions posed. The signal exchange of bottlenose dolphins
within this region is the primary focus of this thesis. The overall goal is to add insight to the
possible interactions of the two ecotypes and the common and unique contexts that may affect
the group behaviour of each ecotype (e.g. interspecific groupings for oceanic bottlenose

dolphins and coastal vessel traffic for coastal bottlenose dolphins).

In this introductory chapter, the history of signal research, behavioural correlates and current
definitions are described as per contemporary literature. Further to this, the bottlenose dolphin,
more specifically the two ecotypes found in Far North waters, NZ, is described as a model
genus for signal exchange research. Finally, the motivation and configuration of this thesis are

outlined at the end of the chapter.

1.2 Current and historical signal research

Knowledge of how species exchange signals with both their own species and others has come
from a variety of data collection techniques (see Brumm, 2013 for review). Data have been
collected from captive (e.g., Caldwell & Caldwell, 1968; Esch et al., 2009b; Reiss &
McCowan, 1993) and wild populations (e.g., Aubin et al., 2000; Kriitzen et al., 2005; Mann et
al., 2008; Morisaka et al., 2005a; Marino & Frohoft, 2011).

1.2.1 Signals in space - distribution, density and abundance

Many studies reveal that animal signals, most notably the frequency and temporal patterns of
acoustic signals, vary depending on the context in which the signal is produced. This is to
ensure signals are unfailingly transmitted (Morton, 1975; Wiley & Richards, 1978). In
terrestrial scenarios, environments such as forest, edge and grassland habitats can act as
selection pressures on signals used (Morton, 1975). Another example is buildings and ambient
noise affecting bird song in urban environments, resulting in geographic distinction (Ryan &

Brenowitz, 1985). The use of environmentally plastic vocalisations also occurs in mammals.
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Pygmy marmosets (Cebuella pygmaea) adapt their calls (usually in an inverse relationship)
depending on characteristics of their acoustic environment to reduce transmission loss,
masking and distortion of the signal (De La Torre & Snowdon, 2002). In comparison to the
wealth of data surrounding terrestrial environmental call adaptation, little is known about the

topic for aquatic animals.

Air and water vary considerably in their physical properties, which results in sound propagating
faster and further in water than in air. Numerous marine species, including, but not limited to,
crustaceans, fish and marine mammals, utilise long-range communication signals to overcome
ambient noise levels (Tyack, 1998). Ambient noise includes wave, wind, surf, human activity,
and biological noise from other animals (Au & Banks, 1998; Dahl et al., 2007). In “louder”
habitats, species, including cetaceans, produce adapted signals to maximise transition
efficiency. For instance, a beluga whale (Delphinapterus leucas) uses higher frequency and
intensity biosonar signals when placed in louder contexts (Au et al., 1985). The same behaviour
has also been observed in other species, including bottlenose dolphins and false killer whales
(Pseudorca crassidens) (Au, 1993; Au et al., 1974). As in terrestrial environments, if acoustic
characteristics differ among habitats, this may cause geographical variation in signal

modalities.

1.2.2 Behavioural context

When recording behaviour, methods include aerial (Friedman et al., 2013; Karnowski et al.,
2016), surface (Connor et al., 2017; Christiansen et al., 2017; Noren & Hauser, 2016), and/or
underwater observations (Brager et al., 1999; Cusick & Herzing, 2014; Filatova, 2006; Guerra
et al., 2014; Kuczaj et al., 2015; Miles & Herzing, 2003; Pearson et al., 2017; Simon et al.,
2010; Vollmer et al., 2015).

Analysis of behavioural observations within a population’s home range provides a more
thorough understanding of how a population is using an area. As is common in the study of
cetacean area utilisation, this thesis explores the surface behaviour of bottlenose dolphins
through predominant group activity. Marine mammal behaviours are grouped into categories
by researchers. In the literature, the most often utilised by researchers are states, e.g., travelling,
socialising, feeding, diving, and resting (Osterrieder et al., 2017; Shane, 1990b). Feeding
(Lopez & Shirai, 2006) and travelling (Shane, 1990b) are the most observed behaviours on

average, or feasibly the most readily recognised (Lynn, 1995). Beyond surface behavioural
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state observations, social behavioural repertoires of cetaceans have been a strong research
focus in the literature (e.g., Clegg et al., 2017; Connor et al., 2017). For social species, the
reliable exchange of information is a fundamental daily need (Altmann, 1967; Cullen, 1972;
Smith, 1977), as social groupings would not be maintained if it was not present (Marler, 1977;

Otte, 1974).

1.2.3  Signal exchange

Defining signal exchange has not been consistent in the study of behaviour, as it depends on
the study context. However, these definitions have in common that a transfer of information
occurs. The application in this thesis requires expansion of the definition of signal exchange.
To illustrate, Kimura (1993) confines the signal receiver to the species of the signalling
individual. This definition is not appropriate for use in marine mammals, as both intra- and
interspecific signal exchange has been documented, e.g., Indo-Pacific bottlenose dolphin and
Atlantic spotted dolphins (Stenella frontalis) (Dudzinski, 1996; Herzing, 1997; Herzing et al.,
2003; Kaplan & Reiss, 2017).

A definition with an adaptive component which is more applicable for cetaceans is given by
Vauclair (1996), where signal exchange is defined as “an information exchange amongst the
sender and receiver utilising specific signal codes” and, in most cases, aiding in meeting the
shared biological needs of individuals within a social group (e.g., reproduction, defence from
predators, prey acquisition, and promotion of group cohesion). Further to this, the three vital
components of signal exchange are: 1) a signaller; 2) a signal; and 3) a signal recipient. If any
one of these three aspects does not occur, the signal exchange is not considered complete

(Vauclair, 1996).

Once signal exchange has been defined, it is important to consider mitigating factors pertaining
to the group composition of interacting individuals. Group coordination does not occur by
chance: information exchanges that inform participants about each other and/or their
environment aids coordination (e.g., Krebs et al., 1981; Miller et al., 2004). For social species,
it is important to accurately anticipate and predict the behaviour of conspecifics, thus the act
of one individual having an effect on another and vice versa is termed social interaction
(Paulos, 2004). Signal exchange is a collective suite of tools for co-adaptation, which is
ultimately responsible for preserving association and thus assisting in perpetuating existence

(Paulos, 2004).
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Ultimate and proximate benefits may be achieved through signal exchange. At the ultimate
level, signals may function to increase the reproductive success of individuals as a result of the
defence of key territories (e.g., Gosling & Roberts, 2001); young socialisation (e.g., Rendell &
Whitehead, 2001); or non-antagonistic sexual interactions (e.g., Dulac & Torello, 2003).
Ultimately, the exchange of signals works to improve survival and reproduction prospects. At
the proximate level, day-to-day needs are satisfied through the use of signal exchange, such as
prey location (e.g., Mougeot & Bretagnolle, 2000) or predator threats (reviewed in Laidre &
Johnstone, 2013). Additionally, signal exchange may function as a mediation tool in social
encounters within a group (e.g., Connor et al., 2006) and result in information beneficial to

subsequent interactions.

1.2.3.1 Signal types

Signal types vary substantially. Signallers may exploit photic (visual), chemical (taste and
olfaction), mechanical (tactile and acoustic), or electromagnetic channels, or a combination
thereof, to transfer information (Herman & Tavolga, 1980; Paulos, 2004; Reynolds & Rommel,
1999; Yunker & Herman, 1974). The ability to employ a signal type is determined by the sender
and receiver’s ability and the propagation of the signal in the environment (e.g., in mechanical
acoustic signals, Figure 1.1). For example, kangaroo rats (Dipodomys heermanni) use
mechanical signals in the form of ground vibration through foot-drumming. The non-vocal
acoustic signal indicates individual identity as female and willingness to interact (Shier &
Yoerg, 1999). There are two forms of stimulus used here, the main type being acoustic, but
additionally the receiving individual may also take cues from the photic channel once at the
entrance to the burrow. The use of these signals from inside a burrow necessitates a signal that
can be perceived when not in a direct line of sight and airborne signal propagation is restricted.
The need of the signaller to stay safe within a burrow may drive the evolution of a signal that

can be perceived with minimal danger.

Signals can be used as a single mode of transfer or concurrently with other signal types. In
most species, photic signals are the primary mode of non-vocal information transfer. Photic
signalling (as in the above example) is defined as a signal that can be visually perceived,
including body posture, facial displays, gestures, and body movements (Andrew, 1963;
Chevalier-Skolnikoff, 1982; DeCourcy & Jenssen, 1994; Goodall, 1986; Lovern & Jenssen,
2003; Van Hooff, 1967).
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Sender Habitat Receiver

* Reflection, refraction, scattering
* Spread loss
* Absorption

* Abiotic noise (e.g. wind, waves, rain) Relevant factors:

* Biotic noise (e.g. shrimp, fish) * Location of receiver

* Anthropogenic noise (e.g. ships) * Audiogram

» Water turbidity (e.g. critical visibility) * Critical ratios

* Integration times

* Directionality (perception)
* Anti-masking mechanisms

Relevant factors:

* Location of sender
* Source level

* Spectral characteristics of signal
* Directionality (production)

* Redundancy of information

Figure 1.1: Relevant factors that affect signal exchange when using the primary mode of
communication (auditory) in marine environments (adapted from Erbe et al., 2016).

1.2.4 Signal exchange in dolphins

Dolphin group social structure is complex and flexible (Dudzinski, 1998; Rossbach & Herzing,
1999; Paulos, 2004; Paulos et al., 2008a & b; Slooten, 1994; Smolker et al., 1992). Dolphins
can utilise mechanical (tactile contact), photic (postures), and acoustic (vocal and non-vocal)
signal types, or a multi-modal arrangement to propagate information (Dudzinski, 1998;
Dudzinski et al., 2002; Herman & Tavolga, 1980; Pryor, 1990; Reynolds & Rommel, 1999).
The classification of vocal and non-vocal signals across species is not above critique (refer to
Hauser, 1996; Hinde, 1972; Scherer & Ekman, 1982; Siegman et al., 1987). However, in this
thesis, a practical distinction in the essential meanings of these two terms is provided in relation

to this body of work.
1.2.4.1 Vocal signal exchange

Mechanical vocal production is the best long-range oceanic signal exchange system (Colosi,
2016) and vocal behaviour is considered the predominant mode of signal exchange for
cetaceans (for review see Herzing & Johnson, 2015). Vocal signal exchange is loosely
described as “sounds produced by expelling air from the lungs, first past some sort of vibrating
mechanism and then one or more resonating chambers or tubes” (Smith, 1977, p.31, as applied
in Paulos, 2004), which includes a range of sounds utilised by different species (e.g., dolphin

whistles).

Dolphins have an extensive repertoire of vocal signals ranging from 0.2 — 150 kHz with most
energy <96 kHz (Tyack & Clark, 2000) in three groupings: tonal whistles, pulsed sounds, and
burst-pulse sounds (Figure 1.2; Richardson et al., 1995).
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Figure 1.2: Spectrographic examples featuring the main energy of a) tonal whistles, b) pulsed sounds
and ¢) burst-pulse sounds. Examples are from bottlenose dolphin (7. truncatus) in Far north waters,
New Zealand.

Whistles can be categorised as narrow-band signals ranging from 2 — 25 kHz. They are utilised
in reunions of mother/calf, alloparental care, courtship, and a range of affiliative and/or
agonistic/aggressive circumstances (Caldwell & Caldwell, 1977; Dudzinski, 1996; Herzing,
2000; Hiley et al., 2017; King et al., 2016; Paulos, 2004; Smolker et al., 1993). Pulsed sounds
are mostly produced during echolocation, but could additionally be produced during social
interactions, e.g., prey acquisition, courtship, conflict resolution, and play (Evans, 1973;
Herzing, 2000; Norris, 1969; Paulos, 2004). Current literature suggests context dependency
acts on burst-pulse sounds, e.g., during social situations (specifically sexual activity) or the
final stages of prey acquisition (Tyack & Clark, 2000). A mechanical function, beyond the
acoustic element, may occur with a tactile element such as pleasure or pain (intensity
dependence) perceived by the receiver (Herzing, 2000). However, the ultimate and proximate

function/s of dolphin vocalisations have not been quantified.

The odontocete whistle repertoires are highly variable inter- and intra- species, with
geographical, group and/or individual differences documented (Rendell et al., 1999). Intra-
population, variability is highest when related to complexity or individual identity, for
example, duration, inflections, or steps (Morisaka et al., 2005a; Rendell et al., 1999). Overall,
individuals living in fluid societies exhibit increased whistle repertoire variation compared to
those living in stable groups. Stable groups, however, can produce group-distinct repertoires,
termed dialects (Filatova et al., 2017; Tyack, 1986). At the individual level, the most significant
vocalisation is represented by the signature whistle. This type of whistle exhibits a stereotypical
shape (or contour) which is based on the other signature whistles present in the community

(Fripp et al., 2005; King & Janik, 2013) and typically develops within the first year after birth,
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remaining stable throughout the lifetime of the individual (Sayigh et al., 2007; Tyack, 1997).

Studies have examined the correlation between acoustic behaviour and behavioural state at the
group level (Dawson, 1991; Simon et al., 2007; Sjare & Smith, 1986; Taruski, 1979),
suggesting that the call type and rate varies with behavioural state and signal function. Signal
function is affected by a variety of parameters, including the signalling environment,
conspecific identity, and sender/receiver internal physiology (see Kremers et al., 2016 for
review). Additionally, the internal state of signalling individuals has been assessed using a
motivation-structural rules hypotheses (MS) (Morton, 1977). MS rules assume that mutual
signal exchange mutually benefits both individuals involved, that signals are kept informative
through evolution acting on them, and that there is no arbitrary structure in vocalisations
(Morton, 1977). The conclusion drawn from MS rules is, in summary, that comprehension of
vocalisations is independent of physical structures. Examples include low frequency sounds
being perceived as aggressive, while high-frequency sounds portray an invitation or a
submissive motivational state. Morton (1977) further considered proximity and motivation as
factors of importance in relation to causation and progression of signals. No matter the
proximate causes, Morton (1977) concluded that, in dolphins, the link between behaviour and
the structure of vocalisations provides information on the potential functions of certain classes

of vocal behaviour, as in other social animals (refer to Dunlop, 2017; Perrtree et al., 2016).

1.2.4.2 Non-vocal signal exchange in dolphins

Non-vocal signal exchange is defined as signal exchange involving messages other than those
produced vocally (DeVito & Hecht, 1990). Non-vocal signal exchange thus involves body parts
not utilised in vocal sound production and may be photic, mechanical, acoustic or chemical.
There is minimal evidence in the current literature to support chemical signal use in captive
(e.g., Corkeron et al., 1990; Shane, 1977) and semi-wild (e.g., Dill et al., 2003) dolphins, and
such evidence is non-existent in wild populations. Thus, non-vocal signal exchange in
cetaceans may be photic (i.e., posture) or mechanical (i.e., touch - pectoral fin of one individual
physically touching another individual, or a non-vocal sound - jaw clap or tail slap). Jansen
and Jansen (1969) found that odontocete adults lack olfactory nerves, bulbs, and peduncles.
Thus, the use of chemical signals can only include those passed through taste. Captive dolphins
(e.g., Corkeron et al., 1990; Shane, 1977) and semi-wild dolphins (e.g., Dill et al., 2003) have

shown food preferences, indicating the use of taste.
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1.2.4.2.1 Photic signals

Water turbidity can limit visibility, and therefore the effectiveness of photic signals for aquatic
animals (Chivers et al., 2013). The visual acuity of delphinids is good both above- and sub-
surface (Dawson, 1991; Delfour & Marten, 2006; Madsen & Herman, 1980). The complexity
of photic signals is apparent across species, ranging from passive and simple (i.e. posture
displays, colour patterns, or water column orientation), to complex sequences of behaviours.
Complex sequences are utilised to indicate species, movement, and reproductive condition,
amongst other things (Herman & Tavolga, 1980; Wiirsig et al., 1990). Species with
conspicuous markings, e.g., dusky dolphins (Lagenorhynchus obscurus) and killer whales, also
benefit from two forms of photic reception as colouring reinforces movements and postures
(Wiirsig et al., 1990). For example, leaps in dusky dolphins may signal prey has been located,
with colouration reinforcing the signal as being from a conspecific (Wiirsig & Wiirsig, 1980).
Un-patterned species may also use pigmentation, dorsal fin shape/size, and scarring as passive
photic cues to identify “friend or foe” and individual identity, such as mature vs immature
individuals (Dudzinski et al., 2002; MacLeod, 1998; Wiirsig et al., 1990). An example of the
latter is the patterning of spotted dolphins, where the spots become denser as the individual
matures (Herzing, 1997; Perrin, 1969; Perrin et al., 2009). Members of the group may utilise
these coloration patterns in conjunction with dorsal fin shape to ascertain individual identity.
It has also been suggested that scarring may function in the same way, with individuals with
more scars being perceived as more likely to be older, larger, and more likely to engage in
aggressive encounters, thus signalling that the individual is a potential threat (MacLeod, 1998;

Pryor & Shallenberger, 1990).

Photic short-range signal exchange are complex and can be employed in affiliative or
aggressive exchanges (Tyack, 2000). Modification of these signals may occur as a result of
signaller context, e.g., age of the individual or angle of approach (Dudzinski, 1998). Examples
in the literature include the S-shaped posture utilised by males in an agonistic encounter, which
is suggested to function as a threat display (Caldwell & Caldwell, 1977; Defran & Pryor, 1980;
Tavolga, 1966). S-shaped posture is defined as an individual positioned with its torso flexed
and head up (Caldwell & Caldwell, 1977). The S-shape posture, when occurring in
concordance with an oblique approach angle and genital region presentation, may portray a
play context, illustrating the complexity of photic signal exchange (Dudzinski, 1998).
Additionally, age could modify the production and perception of signals. Sub-adult spotted
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dolphins utilise an S-posture during aggressive activity, while the same signal is utilised during

play by juveniles (Dudzinski, 1998; Paulos, 2004).

Additional photic signals linked to aggressive or threatening signals include: a head-on
approach, shaking of the head, and jaw opening/closing (Figure 1.3, Herman & Tavolga, 1980).
Contrary to this, conflict resolution, sub-ordination, and pacification may be signalled by
facing away (Caldwell & Caldwell, 1972). Further, in agonistic encounters, closing of the
mouth and a lateral swimming position may be employed (Caldwell & Caldwell, 1977).
Finally, insights from captivity illustrate submissive photic displays, such as turning the head
to look away (Pryor, 1990), flinching, and moving/orientating body away from aggressor

(Samuels & Gifford, 1997; Paulos, 2004; Wiirsig et al., 1990).

Figure 1.3: Jaw opening/closing photic signal in bottlenose dolphin (7. truncatus) in Far North waters,
New Zealand.

1.2.4.2.2 Mechanical tactile signals

Dolphins have highly innervated skin sensitivity (Palmer & Weddell, 1964); therefore,
mechanical perception is a viable mean of short-range signal exchange. The eyes and blowhole
are particularly sensitive, akin to lips and fingers in primates (Connor & Peterson, 1994).
Literature focusing on mechanical tactile signals in dolphins abounds: rubbing and touching
using flukes, pectoral, and dorsal fins to another individual’s body is relatively frequently
observed during social interactions (e.g., Connor, 1990; Dudzinski et al., 2012; Kaplan &
Connor, 2007; Ostman, 1994; Shane, 1990b; Tamaki et al., 2006). Aggressive interactions have
a high rate of mechanical tactile contacts characterised by more overt movements, including

butting, biting, ramming, and raking (Brown & Norris, 1956; Norris, 1967; Ostman, 1990;
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Scott et al., 2005; Slooten, 1994). Contact behaviours and non-vocal auditory signals are often
combined, e.g., jaw clapping or tail slapping in aggressive interactions (Mann & Smuts, 1999;
Ostman, 1990; Paulos 2004). Tactile signals can be adapted to maximise information transfer
through the type/location and intensity of touch. Mechanical contact behaviour and signal
transfer in Atlantic spotted dolphins has been recorded as predominantly affiliative (Dudzinski,
1998; Paulos, 2004). This includes body-body rubbing, petting (pectoral fin-fin),
petting/rubbing (pectoral fin-body), and simple body-body contact (with no movement, Figure
1.4, Dudzinski, 1998; Paulos, 2004). Additionally, the contact was more likely between
members of the same gender and age class, suggesting recognition of individual parameters

within a group (Dudzinski, 1998).

A

Figure 1.4: Contact behaviour defined as A) rubbing in coastal bottlenose dolphin (7. truncatus) and
B) petting in oceanic bottlenose dolphin and false killer whales (Pseudorca crassidens), in Far North
waters, New Zealand.

Adaptations to enhance functionality of tactile signals have even been suggested. For example,

in Commerson’s dolphin (Cephalorynchus commersonii), pectoral fins are characterised with

11
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saw-tooth serrations on the leading edge. When males had only one serrated pectoral fin, the
majority of contact emanated from the serrated fin, possibly functioning to enhance stimulation
(Johnson & Moewe, 1999). Contact signalling may have a communicative function, with a
contact eliciting a reciprocal response (Dudzinski, 1998; Herzing, 2000; Paulos, 2004; Sakai
et al., 2003). On the other hand, dolphins could utilise group members for hygiene or
stimulation similar to the way they make contact with the ocean floor or alternate objects. All

the above functions could also be possible at the same time.

Mechanical tactile signals are not restricted to intra-specific interactions. Both affiliative and
agonistic behaviours have been observed during inter-specific exchanges of wild bottlenose
dolphin with  humans (Dudzinski et al., 1995) and humpback whales (Megaptera
novaeangliae) (Deakos et al., 2010). The behaviours observed were predominantly affiliative
(inquisitive), yet, in the case of interactions with humans, when swimmers exited the water
aggressive behaviours were also noted (Dudzinski et al., 1995). While the communicative
function of behaviours is still unclear, the interactions noted may function similarly to the
social rubs and hierarchical sorting observed in affiliative contexts between conspecifics.
Determining true signal exchange can be problematic, particularly as tactile behaviour can hold

many functions beyond that of signal exchange.
1.2.4.2.3 Non-vocal acoustic signals

When discussing signal exchange, non-vocal acoustic signalling is also applicable. Non-vocal
acoustic behaviour includes sound production in any way other than using a vocal pathway
(e.g., a jaw clap, breach, or tail slap). In dolphins, this is primarily the result of an audible
displacement of water and has been related to circumstances of aggression, discipline, or

attention (Pryor, 1990).

Dominant individuals have been observed utilising tail slaps as warning signals (Shane et al.,
1986) and in scenarios where individuals were disturbed or annoyed, such as a boat
approaching (Lusseau, 2007; Wirsig & Wiirsig, 1979). Within bottlenose dolphin groups,
aerial behaviours function as short-range exchange signals, including the aggressive displays
observed in other studies (Connor & Smolker, 1996). Another example, the jaw clap, has both
photic and mechanical (non-vocal acoustic) properties (first described by McBride & Hebb,
1948). A dolphin opens its jaws, showing teeth, then snaps the jaw shut, expelling water and

producing a loud, percussive sound. A posture often accompanies the jaw display, such as an
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arch of the back while facing the receiver of the signal. If the receiver responds by not
retreating, the individual performing the display may charge (Caldwell & Caldwell, 1977,
Saayman & Tayler, 1973). Non-vocal acoustic signals are linked with affiliation/recruitment

and agonistic (annoyed/disturbed) contexts (Dudzinski et al., 2002; Paulos, 2004).

1.2.5 Bottlenose 