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Abstract

Food-provisioning of free-ranging animals can result in significant impacts on
individual behaviour, vital rates and population demographic processes. In Bunbury, Western
Australia, a limited number of free-ranging Indo-Pacific bottlenose dolphins (Tursiops
aduncus) are routinely provisioned through a state-licensed tourism program. In this thesis, I
used dolphin demographic data spanning ten-years supplemented by long-term historical- (>25
years) and focal follow data, to investigate the fitness consequences and proximal effects of
food-provisioning on the Bunbury dolphin population. I also explored the support and
perceived importance of dolphin food-provisioning from the public. Demographic analyses
indicated provisioned females had significantly lower reproductive success than nonprovisioned females with only 38% of their calves surviving to weaning age (in contrast 77%
survival rate of calves from non-provisioned mothers). Markov Chain and social network
analyses revealed that provisioned dolphins socialize significantly less and have numerous but
loose associations in comparison to their non-provisioned counterparts. I hypothesize that foodprovisioning promotes an impoverished social environment which, in turn, can decrease
opportunities for calves of provisioned females to develop strong social bonds with
conspecifics. Population Viability Analyses forecasted an 85% decline in population size over
the next five decades with food-provisioning significantly contributing to this decline.
Simulations to explore the possible effects of different stressors (environmental and humancaused) indicated that the dolphin population is slightly susceptible to unusual mortality events
and additional human disturbance, however their effects was relatively small compared to the
effect of food-provisioning. Finally, through self-respondent questionnaires, I identified a gap
between tourists’ desires for close-up encounters, their concern for dolphin welfare and the
documented negative impacts of provisioning. Considering the multiple stressors affecting this
iv

dolphin population, I recommend that wildlife agencies eliminate food-provisioning and
develop public education programs to prevent illegal feeding of wild dolphins.
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Chapter 1

General introduction

Shanty

1

You cannot get through a single day without having an impact on the world around you. What
you do makes a difference, and you have to decide what kind of difference you want to make.
Jane Goodall

2

1

1.1

General Introduction

The rise of cetacean tourism as a result of the human fascination with animals

Wildlife tourism is a fast-growing industry that stems from a deep fascination of
animals and the desire to connect with nature and interact with wildlife (Curtin 2005; Alves &
Lechner 2018). Interacting with wildlife can cause strong emotional responses in people and
promote conservation awareness and pro-environmental behaviour (Manfredo & Dayer 2004;
Curtin 2009; Ballantyne et al. 2011). In wildlife tourism, charismatic species and animals with
presumed higher cognitive capabilities attract people that seek an emotional connection with
nature (Kellert, 1987). Wildlife tourism is also a profitable industry which generated up to a
$38.4 billion USD in revenue in 2001, with more than 66 million adults participated in different
types of wildlife experiences (Higginbottom & Green 2001).

In the marine environment, marine mammals are particularly popular for wildlife
tourism (Muloin 1998; Curtin 2005; Besio et al. 2008). The anthropomorphic representation of
dolphins in the media promotes tourists perception of dolphins as gentle beings with whom to
share a connection (Bulbeck 2005; Curtin 2005). Offered in 119 countries, marine mammal
tourism is one of the most rapidly expanding industries, generating over $2.1 USD billion in
revenue in 2008 (O’Connor et al. 2009a). Marine mammal tourism includes a wide array of
activities, from land or boat-based viewing, to more “hands-on” experiences such as swimwith, touching and feeding (Higginbottom et al. 2003; Fennell 2012). Food-provisioning is
commonly used to attract animals and to mediate a close-up experience for tourists. Foodprovisioning can play an important role in tourists’ satisfaction supporting during close-up
encounters with dolphins (Bach & Burton 2017), which in turn influence the economic revenue
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of the industry (Smith et al. 2006). Moreover, close interactions with animals, mediated by
food rewards, can lead to psychological and physiological benefits (Higham and Luck, 2008).
Thus, marine wildlife tourism can promote long-term changes in environmental awareness in
response to personal experiences and instil a sense of stewardship in local communities where
the economy depend upon preserving the animals (Pitts 2010). However, the conservation
benefits of wildlife tourism are rarely quantified (Zeppel & Muloin 2008; Ballantyne et al.
2011). Furthermore, market environmentalism can hinder the effect of wildlife tourism in
promoting conservation by commodifying the targeted wildlife (i.e., animals become a
resource used by humans for pleasure and economic revenue; Burns 2015; Belicia and Islam
2018). While the link between wildlife tourism and actual conservation benefits remains
unclear (Zeppel & Muloin 2008), there are concerns over the limited efficacy of cetacean
tourism relaying educational messages and its potential negative consequences on targeted
populations (Stamation et al. 2007; Stamation 2008). In this thesis, I examine the effect of
cetacean tourism, specifically provisioning, on a population of Indo-Pacific bottlenose
dolphins in Burbury, Western Australia.

I investigate the demographic and population

consequences of the provisioning, account for other potential stressors in a cumulative effects
framework, and take an ecosystem approach (including human societal drivers of tourism) to
consider possible management options. In the following sections, I review these concepts
before giving a more detailed description of the rest of my thesis

4

1.2

Ecological consequences of cetacean tourism

Traditionally seen as a non-consumptive activity, as opposed to exploiting activities
such as hunting (Lovelock 2007), concerns over the negative consequences of cetacean tourism
arouse in the late 90s. Since then, an increasing number of studies have highlighted concern
over the impact on the targeted animals (Higham et al. 2008, 2016; Trave et al. 2017).
Documented short-term effects of cetacean tourism include behavioural and home-range
modifications (Lusseau 2003; Bejder et al. 2006b; Christiansen et al. 2010, 2013; Oro et al.
2013; Pirotta et al. 2015b), disrupted social dynamics (Lusseau & Newman 2004; Williams &
Lusseau 2006), increased intra- and inter-specific aggression and competition (Orams 2002;
Smith et al. 2008), chronic stress and compromised health (e.g., increased parasite loads and
disease transmission, Wrangham et al. 2008; Murray et al. 2016).

Short-term responses to tourism can manifest into long-term consequences through
prolonged and repeated exposure to disturbance (Bejder et al. 2006a, 2009a; Foroughirad and
Mann, 2013). Moreover, if a sufficient proportion of the population is affected by the
disturbance, the viability of the population can be compromised (Lusseau & Bejder 2007;
Pirotta et al. 2018, 2019). Assessing possible adverse repercussions of short-term effects of
tourism on population viability requires a theoretical framework to link non-lethal effects to
fitness costs (New et al. 2014; Fleishman et al. 2016). Such theoretical models should be
informed by species-specific demographic parameters which, in long-lived marine vertebrates
such as cetaceans, are obtained through long-term research programs (Franklin 1989; Ruggiero
et al. 1994; Lindemayer et al. 2012; Zamora et al. 2017). However, longitudinal studies on
cetaceans are logistically complex and expensive and thus reliable demographic parameters are
rarely available (Civil et al. 2017; Pirotta et al. 2018). Additionally, the effect of tourism on
5

cetaceans cannot be examined in isolation from other human- and environmental factors that
can affect population viability.

1.3

Food-provisioning

Intentional food-provisioning (here and after referred to as food-provisioning) occurs
when humans actively seek out close-up encounters with wildlife and use food to attract
animals. This practice is conducted worldwide and occurs in many forms and with different
purposes (Orams, 2002). Bird feeders in private gardens or parks are a form of foodprovisioning conducted for personal enjoyment, while mass feeding of ungulates and other
game species, is mainly conducted for conservation and research (Dunkley and Cattet, 2003).
In some cases, supplemental feeding can enhanced individual survival and reproductive
success, ensuring reliable food source during periods of shortage of resources (Sullivan, 2990;
Jones et al. 1995; Frediani et al. 2001; Draycott et al. 2005; Piper, 2005). For instance, the
persistence in temperature Europe of the exotic Rose-ringed parakeets (Psittacula krameria) is
influenced by the availability of supplemental food in parks and gardens (Clergeaus and
Verges, 2011). Other examples of positive consequences of supplemental feeding include
increased survival of kakapo’s chick (Strigops habroptila, Elliott et al. 2001), higher
abundance of wild European rabbits (Oryctolagus cuniculus, Cabezas and Moreno, 2007) and
red squirrels (Tamiasciurus hudsonicus; Sullivan, 1990) and haltered decline of endangered
species such as California condor (Gymnogyps californianus, Snyder and Snyder, 2005), the
Mauritius kestrel (Falco punctatus, Jones et al. 1995) and Cambodian vultures (multiple
species, Clements et al. 2013). Other studies, found that supplementary feeding did not change
behaviour of Australian magpies (Gymnorhina tibicen, O’Leary and Jones, 2006) nor had an
effect on reproductive success of Snowshoe hare (Lepus americanus, O’Donoghue and Krebs,
1992). However, some research also reports that feeding wildlife in their natural habitat can
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influence competition behaviour and increase aggression (chimpanzees, Pan troglodytes, and
baboons, Papio Anubis, Wrangham 1974; bottlenose dolphins, Tursiops aduncus, Smith et al.
2013). Moreover, food-provisioning can have indirect effects on alternative preys (i.e. species
not targeted by food-provisioning). For instance, supplementary feeding of ungulates in Europe
increase nest predation risk for ground-nesting birds located in close proximity to feeding
stations (Selva et al. 2014).

1.4

The role of food-provisioning in wildlife tourism

Food-provisioning is used in wildlife tourism as a mean to attract animals and ensure
predictable wildlife encounters (Orams, 2002; Newsome and Rodgers, 2008). This practice
spans across a wide range of terrestrial and marine species including bears (Cozzi et al. 2016),
large carnivores (Burns and Howard, 2003), fish (e.g. stingrays and sharks - Newsome and
Rodger, 2008; Clua et al. 2010), reptiles (e.g. salt water crocodiles, Crocodylus porosus, and
Komodo dragons, Varanus komodoensis, Dubois and Fraser, 2013), pelagic birds (Porter and
Luck, 2018) and dolphins (Mann et al. 2000; Samuels et al. 2003a). There is little evidence that
food-provisioning conducted for tourism purposes provides benefits to the targeted species
(Orams, 2002; Garrod, 2008; Dubois and Fraser, 2013). In the marine environment, the
contribution of food-provisioning to animal survival and welfare is even more difficult to
assess (Garrod, 2008) and the few empirical studies that investigated such effects generated
contrasting results (Hammerschlag et al. 2012). Some studies report none or negligible
behavioural differences between provisioned and non-provisioned individuals (e.g. Great white
shark, Carcharodon carcharias, Laroche et al. 2007; Carrabean reef sharks, Carcharhinus
perezi, Maljkovic´ and Côté, 2011; Tiger shark, Galeocerdo cuvier, Hammerschlag et al.
2012). In contrast, other research suggests that food-provisioning causes significant
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behavioural differences in the targeted species which can lead to long-term impact at individual
and population level (Orams et al. 2002).

Short-term consequences of food-provisioning include changes in activity budgets
(Doenier et al. 1997; Cunningham-Smith et al. 2006; Fitzpatrick et al. 2011; Oro et al. 2013),
altered patterns of competition and aggregation (Corcoran et al. 2013; Richards et al. 2015),
reduced home range size (Blanchard and Knight, 1991), altered migratory patterns (MasseminChallot et al. 2006) and habitat use (Orams, 2002), and increased disease transmission (Donier
et al. 1997; Miller et al. 2003; Semeniuk et al. 2008; Becker and Hall, 2014; Murray et al.
2016). The ingestion of inappropriate food (Orams, 2002; Semeniuk, 2008) and its
consequences on obesity and teeth decay is also of concern (Samuels et al. 2003b) along with
increased injury risk (Christiansen et al. 2016). In fact, by associating human with food,
conditioned individuals spend increased time in proximity of human activities and
encroachment which, in turn, increases their susceptibility to collision, entanglements and
retaliation (Donaldson et al. 2010, Christiansen et al. 2016; Hazelkorn et al. 2016; Vail, 2016).
Finally, this practice can promote the spread of maladaptive behaviours (i.e. begging and
depredation) via social learning (Finn, 2005; Powell and Wells, 2011; Donaldson et al. 2012).
Additionally, the effect of food-provisioning cannot be examined in isolation from other
human- and environmental factors that can affect population viability.

1.5

Population viability under multiple stressors

Cetacean populations are exposed to multiple anthropogenic disturbances beyond
tourism (e.g., habitat loss, pollution, climate change, fisheries etc.). When coupled with
environmental stochasticity, they can have cumulative effects on population dynamics (Vail
2016; Lacy et al. 2017). Thus, evaluating population viability by considering only single
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stressors would likely underestimate the threats experienced by cetacean populations (Crain et
al. 2008; NASEM 2017). However, accounting for multiple disturbances on population
viability and the interaction between cumulative stressors is complex (Gillingham et al. 2016;
Jones 2016). Stressors may interact additively (the effects of two or more stressors sum up),
antagonistically (the effect of one stressor is cancelled out by the effect of another stressor) or
synergistically (the effect of two or more stressors is multiplicative; Cotè et al. 2016). There is
a high degree of uncertainty and complexity in determining the causal relationships among
multiple stressors. Yet, examining the cumulative effect of multiple stressors offers a more
holistic approach to conservation and allows insights into cumulative effects of multiple
stressors (Williams et al. 2016). Taking into account multiple factors affecting the environment
but also the diverse range of human interests and activities, allows for implementation of
ecosystem-based management (EBM).

1.6

Ecosystem-based management

The shift from a single species conservation toward a more integrated ecosystem-based
management has been an important aspect of nature management over the last 10-15 years
(Arkema et al, 2006; Kittinger etl al, 2010). There are multiple definitions of EBM in the
published literature. Berkes (2003) defines EBM as an holistic and inclusive approach to
conservation with the inclusion of humans in the ecosystem. While McLeod and Leslie (2007)
highlight how EBM “involves recognizing and addressing interactions among different spatial
and temporal scales, within and among ecological and social systems and among stakeholder
groups and communities interested in the health and stewardship of coastal and marine areas”.
Ruckelhaus (2008) points out the EBM aims to: “maintain ecosystem structure thus allowing
the ecosystem to maintain redundancies and resilience to environmental change”, while Guerry
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(2005) defines EBM as a “coordinated effort to manage diverse human impacts that affect an
ecosystem to ensure sustainability of the ecosystem services it provides”.

While there is no one single definition of EBM, its main characteristics include a
participatory approach of multiple stakeholders, the maintenance of ecosystem services and
resilience and the interdependency of sociological and ecological processes (Berkes, 2003;
Pikitch, 2004; Arkema, 2006). The application of an ecosystem-based management framework
has the potential to address multiple human disturbances, even where uncertainty exists, and
thus promote resilience within the ecosystem (Pikitch et al. 2004; Guerry 2005). In practice,
EBM engages different stakeholders through participatory management achieved by audits
with the stated aim to find suitable management of human activities to minimise their potential
impact and to maintain ecosystem integrity and resilience (Guerry 2005; Leslie & McLeod
2007; Ruckelshaus et al. 2008). Ecosystem-based management is particularly relevant in the
management of marine resources and in particular cetaceans, since the home range of many
cetacean species cross national boundaries and overlaps with multiple stakeholders (Leslie &
McLeod 2007; Curtin & Prellezo 2010). However, preserving species and habitats that span
across national and international jurisdictional boundaries is a substantial scientific- and
managerial exercise. It requires extensive multidisciplinary data to consider not just the
ecology of the species in question but also the social and governmental environment that
characterise different countries (Ruggiero et al. 1994; Sardà et al. 2014). Theoretically, the
temporal and spatial modularity of EBM makes it adaptable to newly-acquired data,
environmental fluctuations and different governmental schemes (Tallis et al. 2010; Meek et al.
2011; Maxwell et al. 2013). However, a lack of financial commitment and transparency,
fragmented government structures and logistic impediments to long-term data collection hinder
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the application of an ecosystem approach (Ruckelshaus et al. 2008; Tallis et al. 2010; Sardà et
al. 2014).

1.7

The social side of eco-tourism and the ethical value of cetacean conservation

A key element of EBM is the inclusion of a human dimension and thus the need for
stakeholder involvement (Reed 2008; Dickman 2010; Röckmann et al. 2015). At the base of
any efficient management plan is the need for a strong will to preserve wildlife populations
(Pomeroy & Douvere 2008; Tissot et al. 2009; Dickman 2010) which, in turn, relies upon the
societal value placed on wildlife itself (Dickman 2010; Zeppel 2010; Ives & Kendal 2014).
The aesthetic value and charismatic nature of cetaceans (Frohoff & Bekoff 2018) contribute to
the public desire to protect them (Amante-Helweg 1996; Denham 2015). It is widely accepted
that wildlife tourism promotes human psychological and physiological wellbeing (Schanzel
and McIntosh, 2000; Curtin, 2009). However, the role of close-up encounters in inspiring
conservation action and provoking long-term behavioural changes remains unclear and needs
further investigation (Manfredo and Dayer 2004; Zeppel and Muloin, 2008; Zeppel, 2010;
Ballantyne et al. 2011, Hughes et al. 2011).

When it comes to cetacean tourism, a “fundamentally hedonistic activity” (Burns
2015), visitors might differ in supporting certain activities (e.g., swim-with vs foodprovisioning) according to their knowledge of their relative impact on cetacean welfare and
their personal ethics (Hughes 2001). Because the impact of tourism activities is non-lethal (i.e.,
does not involve direct killing of the targeted animals), the evaluation of societal values might
differ from the usual focus on population dynamics (Pitts 2010). In other words, the viability
of a population might not be as important in the public perception as the welfare of the
individual. The ethical view of cetacean tourism can be subdivided into three philosophical
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approaches: i) environmental ethics in which any activity is deemed acceptable as long as it
does not damage the structural integrity of an ecosystem; ii) animal welfare in which the ethical
focus is placed on limiting animal suffering although this is still considered acceptable to a
certain extent if it leads to an increase in human welfare (e.g., enjoyment); and iii) animal rights
where animals are assigned a moral value (Hughes 2001). Many argue that a shift towards an
ethical approach that includes an intrinsic value of cetaceans as sentient beings (thus validating
animal rights) might be more appropriate to inspire accountability and ensure their
conservation (Bekoff 2007; Kellert 2009; Burns 2015; Vail 2016; Frohoff & Bekoff 2018;
Brakes 2019). However, there is limited consensus on what constitutes individual welfare in
cetaceans among scientists and the public alike (Catlin et al. 2013; Denham 2015). Foodprovisioning, in particular, relates to caring and the act of feeding might be more easily
associated with nurturing than damaging the animal wellbeing (Curtin, 2006; Dubois and
Fraser, 2013), thus confounding even more the tourists’ perception of welfare.

1.8

A holistic approach to cetacean conservation

To achieve sustainable human-cetacean interactions, a rigorous ecological assessment
of human impacts should be coupled with a societal evaluation of anthropogenic activities
(Reynolds & Braithwaite 2001). Thus, there is a need to develop studies that combine
disciplines such as sociology and ecology (Pfaff et al. 2019). “Fuzzy logic” (used to model
logical reasoning with vague or imprecise statements; Phillis and Andriantiatsaholiniaina 2001;
Giabbanelli et al. 2017) and dynamic modelling approaches, such as Bayesian Belief Network
(BBN; McCann et al. 2007; Newton et al. 2007) or hybrid models (Parrott 2011)), that integrate
social and ecological data can be used to understand the human side of conservation while
setting meaningful goals for wildlife management (Lischka et al. 2018). Decision trees and
simulation-based analyses such as Population Viability Analyses (PVA) can also be expanded
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to integrate social and economic values (Lacy et al. 2017) and represent useful tools to guide
decision-making.

1.9

Thesis aims and structure

This thesis provides a comprehensive evaluation of the socio-ecological effects of foodprovisioning of Indo-Pacific bottlenose dolphins (Tursiops aduncus) by the non-profit Dolphin
Discovery Centre (DDC) in Bunbury, Western Australia. I collected and compiled the
necessary information to develop an integrated and effective management strategy of foodprovisioning in the context of cumulative stressors to ensure the long-term viability of the
dolphin population and the tourism industry relying on it. In Bunbury, the resident bottlenose
dolphin population has been extensively and systematically studied throughout the last ten
years (2007-2016) as part of the South West Marine Research Project (SWMRP). Detailed
information on dolphin abundance, spatial preferences, habitat use, social structure and
foraging ecology are available through this long-term project (Smith et al. 2013, 2016;
McCluskey et al. 2016; Sprogis et al. 2016b, 2016a, 2017, 2018c; Symons et al. 2018). Previous
studies forecasted a population decline at the current levels of reproduction (Manlik et al.
2016), which is further characterized by low genetic diversity and limited gene flow (Manlik
et al. 2019a, 2019b). Bunbury is the fourth largest port in Western Australia (Symons et al.
2018) and the current marine facility expansion (South West Development commission SWDC 2018) will increase the maritime traffic, and cause significant habitat modifications
(i.e. lower water quality, higher pollutants) increase acoustic pollution and further
anthropogenic disturbance for the dolphin population. Bunbury tourism operators also rely on
access to the dolphin population for tourism ( South West Development commission - SWDC
2015), which are offered as swim-with dolphin tours, dolphin watching programs and foodprovisioning.
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The structure of the thesis is as follows (see also Table 1.1). In this chapter 1, I have
provided a general introduction on cetacean tourism, its socio-ecological consequence and the
need to adopt a multidisciplinary management approach. I provide an overview of the Bunbury
food-provisioning system in a historical context in Chapter 2 while comparing it to a similar
tourism enterprise established in Monkey Mia, Western Australia. The food-provisioning
practice in Monkey Mia and Bunbury share similar characteristics, however environmental
features and the degree of anthropogenic disturbance differ substantially between the two
populations (high in Bunbury and relatively low in Monkey Mia). Thus, Monkey Mia provides
a good comparison to evaluate the effects of multiple stressors on the viability of the Bunbury
bottlenose dolphin population. In Chapter 3, I quantify the dependency of adult female dolphins
to food-provisioning and assess the influence of their reproductive status on their propensity to
seek food-handouts. In Chapter 4, I quantify the long-term ecological consequences of foodprovisioning on female reproductive success and calf survival, using a long-term dataset
collected as part of the SWMRP (Appendix D). While calf survival and reproductive success
are clearly linked, the former refers to a short time frame (from birth to 3 years) while the latter
refers to the entire lifetime of a female and thus it is important to consider both. In Chapter 5,
I use dedicated focal follow data to measure the short-term behavioural effects of foodprovisioning, and explore the mechanistic pathways leading to the long-term fitness costs
documented in Chapter 4. After quantifying the impact of food-provisioning at the individual
level, I further assess the effect of this activity on the population viability while accounting for
environmental stochasticity and exposure to additional anthropogenic activities in Chapter 6.
Since the efficacy of management strategies is highly dependent on the sociological dimension
of food-provisioning, I evaluated visitors’ support for this practice and dolphin welfare,
detailed in Chapter 7. In Chapter 8, I provide general conclusions and suggestions on
alternative management options.
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Table 1.1. Outline of thesis. This thesis is divided into five parts containing the eight developed
chapters.
Part I
Cetacean

Chapter 1 (Introduction) describes the positive and negative consequences of
tourism

and conservation

cetacean tourism in light of cumulative stressors. It further discusses the social
side of cetacean tourism and the need to apply a multidisciplinary approach to
inform management.

Part II

Chapter 2 describes the history and current practice of food-provisioning in

The practice of food-

Bunbury and provides a comparison with Monkey Mia, where dolphins are also

provisioning

provisioned as part of a state-licensed program.
Chapter 3 quantifies the degree of dependency of individual dolphins to human
food-provisioning and explores the role of reproductive status as a driver to
beach visitations (involving food-provisioning).

Part III

Chapter 4 quantifies the long-term consequences of food-provisioning on the

Ecological

dolphin population in terms of reproductive success and calf survival.

consequences

Chapter 5 builds on the findings from the previous chapter and examines the
mechanistic link between food-provisioning and long-term fitness consequences
experienced by provisioned dolphins.
Chapter 6 assesses food-provisioning consequences at the population level, in
light of multiple stressors that might augment the decline of the population.

Part IV

Chapter 7 explores the human social context of food-provisioning and visitors’

Sociological aspects

support for the practice.

Part V

Chapter 8 (Conclusions) integrates findings from the previous chapters to

Conclusions

provide an overall view on the socio-ecological consequences of foodprovisioning and discusses potential management options to assist in the
conservation and the long-term viability of the bottlenose dolphin population in
Bunbury.

15

Chapter 2

A Comparison of Tourism and Food-provisioning Among
Wild Bottlenose Dolphins at Monkey Mia and Bunbury

Osho
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Oxfordshire, UK
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2

A Comparison of Tourism and Food-provisioning Among Wild
Bottlenose Dolphins at Monkey Mia and Bunbury

2.1

Introduction

Tourism focused on viewing and interacting with cetaceans has grown exponentially in
the last 20 years, becoming a multi-billion dollar industry worldwide (O’Connor et al. 2009c;
Higham et al. 2014). Although most tour and commercial operations are boat-based (i.e.,
whale- and dolphin watching trips) or swim-with-dolphin operations, feeding wild dolphins
from boats or shore has become another popular means of gaining access to wildlife. To address
some of the negative effects of food-provisioning wild marine mammals (e.g., Christiansen et
al. 2016b), the practice is generally banned. For example, feeding marine mammals is illegal
in the United States, as it constitutes harassment under the Marine Mammal Protection Act
(NMFS 1972). It is also prohibited in the commonwealth waters of Australia under the
Environment Protection and Biodiversity Conservation Act 1999. However, Australian state
governments regulate the conservation and protection of dolphins in coastal waters up to three
nautical miles from shore, creating ambiguity that allows states to provision wild dolphins
within coastal waters. There are currently four locations in Australia where tourists can legally
feed wild dolphins: Monkey Mia and Bunbury in Western Australia, Tangalooma and Tin Can
Bay in Queensland (see Figure 2.1). The focus of this comparison is to highlight the similarities
and differences between Monkey Mia and Bunbury in terms of the costs and benefits of dolphin
food-provisioning in relation to tourism, conservation education and research.
The oldest dolphin provisioning site is located at Monkey Mia where the practice of
provisioning was initiated in the 1950s by fishers tossing their catch to Indo-Pacific bottlenose
dolphins (Tursiops aduncus). The phenomenon attracted tourists and by the late 1980s, the
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Western Australian government’s Conservation and Land Management (CALM, currently
called the Department of Parks and Wildlife, DPaW) stepped in to regulate and manage
feeding. As a result, feeding free-ranging dolphins outside of DPaW supervision is now
prohibited. Feeding dolphins at Bunbury was initiated in 1989 and is currently managed by the
Bunbury Dolphin Discovery Centre (DDC), a non-profit organization that also offers dolphinwatching and swim-with tours. Although the DDC operates under a state permit issued by
DPaW, the practice of feeding wild dolphins is not as strictly regulated as in Monkey Mia. At
DDC, there are no clear limitations on the number and identity of the individuals that can be
fed. Moreover, concerns have been raised following several reports of illegal feeding of freeranging dolphins by recreational boaters (Symon J. Pers. Comm.) and the increase in begging
behaviour toward recreational boaters. At both sites, long-term research projects have been
established (since 1984 at Monkey Mia, monkeymiadolphins.org and since 2007 at Bunbury,
mucru.org).
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Figure 2.1. Map of the four dolphin provisioning locations in Australia: Monkey Mia and
Bunbury in Western Australia and Tin Can Bay and Tangalooma in Queensland

2.2

History and Management of Monkey Mia.

From the 1950s to 1970s, Monkey Mia was a remote fishing camp with limited road
access and very few tourists. The majority of interactions with dolphins involved tossing
undersized fish and baitfish to them. Over time, a few dolphins began visiting the shoreline to
beg for fish and interact with people, including Charlie (who was likely a female). In 1974,
Wilf and Hazel Mason bought the fishing campsite, and set up a shop for the growing number
of visitors. Subsequently the Shire of Shark Bay and CALM built the Dolphin Interpretive
Centre in 1986 and local rangers took over fish sales from the Masons and management of the
dolphins. Around this time Monkey Mia was designated as a marine park. At this point, any
dolphin that came close to shore could be fed and there were no limits on the amount of fish
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they were provided. By 1987 up to 35kg of fish were sold to tourists for dolphin feeding daily.
By the late 1980s, four females from two matrilines and three adult males, all members of an
alliance, were regularly fed. Researchers had been established there since 1984 and began
tracking individual life histories of provisioned and non-provisioned dolphins (Connor &
Smolker 1985). They helped the rangers set up data collection sheets to determine when
dolphins visited during the day and for how long. Meanwhile, transportation and local
infrastructure improved, attracting even more tourists. In February of 1989, seven dolphins
died (including four offspring born to the provisioned adult females and all three adult males),
which was linked to high levels E. coli bacteria in the water near the provisioning site. As a
result, CALM took measures to avoid future harm by regular water testing and limiting the
amount of fish fed to reduce the amount of time dolphins spent near Monkey Mia. Each dolphin
was restricted to 60-62 kg. per month (2 kg per day over the month). Instead of tourists buying
their own fish, CALM rangers brought buckets of defrosted fish (one bucket per dolphin) three
times per day, and fish were given to tourists individually so they could hand feed dolphins.
Rangers spread the buckets (and dolphins) out, standing knee-deep in a 90m x 45m “Interaction
Area” (see Figure 2.2) and selected individuals from the crowd. Rangers limited physical
contact between humans and dolphins, but only when they were down at the beach. Outside of
their view or work hours, tourists often touched, fed, and swam with dolphins.
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Figure 2.2. Photograph of a feed at Monkey Mia. People stand along the shore of the
interaction area, while a select few visitors are chosen to step into the water by DPaW
volunteers and feed dolphins a fish. Photo courtesy of Martin Van Aswegen

With the park renovated and accessible, over 100,000 tourists visited Monkey Mia
annually by the 1990s. Since over 700 people might be in the water at the same time, rangers
established additional protocols, which included keeping people knee-deep in line down the
beach. The scientific team, which had been collecting data on the dolphins at the beach, in
addition to those offshore, became more involved in management and recommended that no
calves and males be fed and only daughters of currently provisioned females could be
introduced (Mann & Kemps 2003a). This was one way to maintain the ‘tradition’ without
disrupting family associations too much, since, as scientists learned, most foraging tactics were
passed down from mother to daughter. Furthermore, males can become quite aggressive
towards non-provisioned females brought into the Interaction Area for mating and people were
often bit and hit, whether provoked or not.
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In 1994, a confluence of events highlighting the problems with provisioning sparked a
revision of the feeding practices at Monkey Mia. First, a calf who had been fed died right after
weaning because he stopped hunting on his own. Second, one of the adult females became
entangled in a net, likely due to reduced wariness of human activity. Finally, calves of
provisioned females were simply not surviving. This was attributable to the fact that the
provisioned females show reduced care of their calves compared to non-provisioned females
(Mann & Kemps 2003a; Foroughirad & Mann 2013). Analysis of calf survival for the
provisioned and non-provisioned females was strikingly different, which prompted
intervention by CALM (Mann et al. 2000). CALM instituted further restrictions and limited
feeding times to the morning, between 8am and 12pm. Importantly, the length of time that the
dolphins had to ‘wait’ for the feed was changed to 30 minutes, instead of an hour or more, so
that the females would leave shore, engage in normal activities and care for their calves. The
management changes worked because since those changes were implemented, calf survival
markedly improved and dolphin visitation to the beach decreased – as intended. However,
some behaviour patterns persisted and are described in more detail below.
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2.3

History and Management at Bunbury.

In the mid 1960’s, Mrs. Elevyn Smith commenced hand feeding a small number of
bottlenose dolphins from a jetty in the Leschenault Inlet in Bunbury. The practice became a
popular attraction. Regular feeding stopped in the early 1970s after Mrs. Smith’s death, but
occasional feeding of wild dolphins still occurred. By 1989 a non-profit community association
called the Bunbury Dolphin Trust Inc. was established and initiated a more regular feeding
program (van Rooy 2006) within a designated feeding area called the “Interaction Zone” within
Koombana Bay. The program was interrupted in 1991 due to strong antagonism with local
fishers who believed the practice encouraged dolphins to depredate crab pots. In fact, Wringe
(1993a, 1993b) reported an increase in depredation after provisioning became a regular
practice. Fishers retaliated, even killing one dolphin in 1992. However, public attitudes towards
the dolphins and wildlife conservation in general soon changed and food-provisioning was
reinstated at the opening of the Dolphin Discovery Centre in 1994.

Currently, the provisioning program is licensed and regulated by DPaW. The permit
limits the daily amount of fish allowed per dolphin per day to 500g, so that the animals still
have to feed in the wild to obtain their required daily energetic intake (estimated to be up to
10kg per day). Dolphins can enter the provisioning area, a 600m2 buoy delimited no boat zone
(see Figure 2.3), multiple times during the day but can be provisioned only between 8am and
12pm and exclusively by the DDC volunteers. Within the provisioning area (also called
“Interaction Zone”), tourists are positioned in a straight line in knee to waste deep water from
the shoreline (see Figure 2.4). Multiple volunteers space themselves evenly along this line
amongst the tourists to control the interaction. At the same time a designated volunteer feeder
enters the water at the end of the line when dolphins are to be fed. The volunteer supervisors
are the senior volunteers in control of the interaction program on the day and will often walk
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up and down the line in front of the guests to provide information about the dolphins and to
answer questions that the guests may have. Unlike in Monkey Mia, Tangalooma and Tin Can
Bay, there is a discretionary clause listed within the DDC license conditions of operation to
discourage feeding by the general public, such that all dolphin provisioning is carried out by
trained volunteers.

40 m

150 m

Figure 2.3. Interaction Zone in Koombana Bay, in front of the Dolphin Discovery Centre. The
Interaction Zone is a no-boat area delimited by buoys. The red person symbol represents the
volunteers staff from the DDC; the blue person symbol represents the researcher while the
black person symbol represents the visitor.
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Figure 2.4. A mother and a calf within the Interaction Zone, parading in front of the line of
tourists. Volunteers, wearing red shirts, stand within the line or slightly forward to better
manage the interaction (Photo Courtesy of Dolphin Discovery Centre)
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Over the years, the DDC has developed a self-imposed protocol for provisioning. This
includes detailed guidelines on how and when to feed dolphins. The DPaW permit does not
specify the identity or the number of dolphins that can be fed, however they are provided with
quarterly reports outlining the results of the interaction program. The DDC maintains a
provisioning list that specifies which dolphin can be fed. This list, developed by the DDC
marine biologist and long-term volunteer staff, can be modified at any time. The list only
includes adult females with dependent calves of at least 6 months (with the exception of Osho,
a male dolphin who started to regularly visit the interaction area with his provisioned mother).
Currently, 12 dolphins appear on the provisioning list but only six are considered active (they
have visited the provisioning area in the last two years). The permit does not require monitoring
when introducing a new dolphin into the provisioning program. Detailed guidelines ensure
safety of dolphins and tourists. An educational component is not mandatory but during a
dolphin’s visit, tourists are opportunistically provided with information on dolphin biology and
behaviour by the volunteers. These guidelines are based on the experience and scientific
findings from other provisioning locations (e.g. Monkey Mia) and their efficacy in minimizing
impacts of food-provisioning on dolphins. Compliance with provisioning guidelines is
dependent on the supervisor, who is in charge of the feeding procedures (VS, Pers. Obs).

DDC volunteers made ad libitum observations on dolphin visitation from 1990 to 2001,
when a systematic data collection began. Since then, data recorded include the identity of
provisioned dolphins, amount and type of fish provisioned to each dolphin and the duration of
each dolphin visit within the provisioning area.
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2.4

Tourism Experience at Monkey Mia.

Many people who visited Monkey Mia before 1990 have fond memories of reliably
swimming and playing with dolphins. When there were fewer people and restrictions on
interactions, the Monkey Mia dolphins did indeed allow people to stroke them and play games
with them, such as passing seagrass blades back and forth. The dolphins even stroked people
back with their pectoral fins. Not all interactions were so friendly, as visitors were regularly bit
or struck by one of the male dolphins. However, as tourism increased, the likelihood of harm
to both humans and dolphins also increased. The rangers had the very difficult task of reigning
in people’s desire to pursue and touch the dolphins.

The research on the Shark Bay dolphins started to become well-known world-wide in
the 1990s, as people learned that Shark Bay dolphins use marine sponges as foraging tools,
males form multi-level complex alliances, and mothers nurse their calves for three to eight
years (Connor et al. 2000; Mann et al. 2000). As more scientific information about the dolphins
became available, the rangers were able to transition the dolphin experience from close
dolphin-human interactions to educational talks down at the beach that also explained the
problems prior to more regulated feeding and interactions. The rangers continued to
incorporate more information into their talks, allowing for the public to learn about wild
dolphins and for them to observe the dolphins interacting with each other in their natural
environment – Monkey Mia is one of the best places in the world to watch natural dolphin
behaviour from shore as the calves and other dolphins hunt, play and socialize with each other.
Furthermore, tourists get the unique opportunity to observe the dolphins hunting in very
shallow water, sometimes so shallow that the rangers have to urge people to get out of the water
so they do not disrupt the chase. Non-provisioned dolphins also come close and interact with
the provisioned dolphins. Even though only five adult females are fed, there are sometimes
28

over 20 dolphins just meters from shore, protected by the Interaction Area where no swimming
and boating is allowed. Although the provisioning has brought dolphins to shore for close
viewing, their close associates also visit the Interaction Area near shore to the delight of
tourists.

2.5

Tourism Experience at Bunbury

Food-provisioning, boat-based dolphin-watching and swim-with tours provide an
important economic revenue for the DDC and the City of Bunbury that uses the local dolphin
population as its tourism drawcard (Visit Bunbury 2019). Dolphin food-provisioning is not
advertised per se, but the DDC makes use of the dolphin “beach visits” in advertisement
material, website and via social media and staff believe that provisioning plays a vital role in
attracting the visitors. When visitors enquire about dolphin food-provisioning times and
procedures, the DDC specifies they are free-ranging animals and will not visit every day.
Dolphins visit most often during the morning between 8am and 11 am and they receive
approximately 350-500 grams of fish if and when they choose to visit the Interaction Zone.
When tourists enquire about the feeding, staff from the DDC tend to refer to the fish handout
as a “token of appreciation” to dolphins as a reward for their visitation. Feeding, although not
hidden, is conducted in a discreet manner as a condition of the DPAW license.

In Bunbury, dedicated dolphin research was initiated in 2006 through the South West
Marine Research Program (SWMRP) lead by Murdoch University. The SWMRP was initially
founded through a partnership between Murdoch University and the Bunbury Dolphin
Discovery Centre, with support from the South West Development Commission, and is now
composed of partners from industry, government, research and the community. The focus of
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the SWMRP is to conduct research into the dolphins occurring in Bunbury’s coastal and
estuarine waters to assess the long-term viability of the bottlenose dolphin population

Since its inception, the SWMRP has monitored the dolphin population through yearround boat-based photo-identification transect surveys. Through the program, we have a good
understanding of the dolphin population abundance, habitat use, behavioural and foraging
ecology, and genetic connectivity to other populations in south-western Australia (Manlik et
al. 2016; Sprogis et al. 2016b, 2016a). This information collected by the SWMRP has yet to be
incorporated in the DDC exhibition displays but is delivered to the visitors by volunteers and
staff both during dolphin interactions at the beach and out on the boat tours.

2.6

Impact of Provisioning on Dolphin Welfare at Monkey Mia.

With 30 years of systematic focal observations on females and calves in the Interaction
Area and offshore, away from it, researchers have been able to document specific impacts of
provisioning on maternal and calf behaviour, development and calf survival. Three
comparisons were made: (1) the behaviour of provisioned mothers and their calves in the
Interaction Area and offshore; (2) the behaviour of non-provisioned females and provisioned
females and their calves while offshore; and (3) the survival of calves born to provisioned and
non-provisioned females. During focal observations, the research team collected detailed data
on activity state, location (GPS and when near shore, locations near and far from human
activity), mother-calf distance, associates and behavioural events. While provisioning impacts
maternal and calf behaviour in numerous ways, the central finding is that provisioned adult
females reduce care for their calves (nursing access, contact and proximity) (Mann & Kemps
2003a; Foroughirad & Mann 2013). Offshore, provisioned females acted similarly to nonprovisioned females, but their calves still received less care and had altered activity budgets.
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Provisioned females also occasionally begged at boats, whereas non-provisioned females have
never been observed doing so. Calves of provisioned females spend more time foraging and
socializing and less time resting than their non-provisioned counterparts. They also had less
contact with their mothers and spent more time separated from them. At the Interaction Area,
provisioned females spend considerable amounts of time in shallow water and in doing so do
not allow their calves to gain “infant position contact,” a position under the mother’s tail where
the calf has nursing access – a critical form of maternal care. Calves stay further from people
and consequently, further from their mothers. When calves do come close to their mothers near
the beach, they whistle, rub on their mothers, and butt up against them, attempting to get into
infant position (see Figure 2.5). Occasionally these behaviours escalate to a full-fledged
‘tantrum’ with very loud whistling from the calf and constant circling of the mother. Such
behaviours are virtually never seen offshore with the exception of two provisioned females
(mother and daughter) who begged frequently at fishing boats anchored offshore. Their calves
engaged in similar attempts at achieving infant position, which their mothers prevented during
boat begging by turning on their sides while close to the boat. Despite these behavioural
changes, when the provisioning is controlled and minimized (e.g. restricted to morning hours
and fewer fish provided), so that dolphins spend less time close to shore, the effect on maternal
care is lessened.
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Figure 2.5. A young calf tries to get into infant position to nurse but her mother is in very
shallow water and rolls to her side away from the calf while the mother waits to be fed by
tourists. Photo courtesy of Megan Wallen, monkeymiadolphins.org.

2.7

Impact on the dolphins in Bunbury.

The resident population of Indo-Pacific bottlenose dolphins that inhabits the inner
waters of Koombana Bay in Bunbury, is relatively small and exposed to a diverse array of
human activities including dedicated dolphin-focused tourism. Possible impacts of
anthropogenic disturbance on the local dolphin population are under evaluation, but a pilot
study conducted in 2009 documented an effect of recreational and commercial tourism on
dolphins’ activity (Arcangeli & Crosti 2009). Population abundance, sociality, distribution and
calving varies cyclically, with seasonal peaks during summer and autumn corresponding to the
highest anthropogenic disturbance due to a substantial increase of vessel presence during the
summer months (Sprogis et al. 2016a). Females are usually encountered in sheltered waters, in
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particular during the austral summer corresponding to the main calving season and are thus
exposed to a greater anthropogenic pressure (Smith et al. 2016).

A dedicated study on the ecological consequences of food-provisioning has recently
started. Maladaptive behaviour, such as dolphin begging behaviour towards recreational boats,
which has been associated with food-provisioning elsewhere (Donaldson et al. 2012a;
Christiansen et al. 2016b) has been documented in Bunbury along with several cases of
propeller-related injuries. The potential impact of tourism and food-provisioning on the
Bunbury’s dolphin population is particularly concerning given recent findings by Manlik et al.
(2016) that forecasts a significant decline in dolphin abundance that will jeopardize the
population fitness unless reproduction rates are increased. This study compared the small and
declining Bunbury dolphin population to the larger and more stable population in Shark Bay
(where Monkey Mia is located). The study shows that the Bunbury population is more sensitive
to perturbations in reproduction and juvenile survival than the Monkey Mia population (Manlik
et al. 2016). Dolphin reproductive rate and success (calf survival) can be affected by human
disturbance (Lusseau et al. 2006a). Anecdotal evidences suggest that provisioned female
dolphins in Bunbury may have lower reproductive success than non-provisioned females. For
example, a long-term provisioned individual, Shanty, has had a total of five stillbirths and
another potentially dead one (Symons Pers. Comm.). However, whether a direct causal link
between reproductive success and food-provisioning exists still needs to be investigated.

In 2016, the DDC was awarded 9 million dollars from the Western Australian state
government to rebuild the Centre to include large interpretation displays, a restaurant and café,
entertainment areas and a four-fold increase in the building foot-print (South West
Development Commission - SWDC 2015). This is part of a bigger expansion plan of the
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Bunbury Waterfront and the Port of Bunbury, already the fourth largest in Western Australia
(Landcorp 2013). This development represents the start of a new era for the region with wider
tourism offerings and management opportunities but also a potentially greater anthropogenic
impact on coastal dolphins.

2.8

Comparison between Monkey Mia and Bunbury: Implications for Management.

Monkey Mia has had a longer history of research than Bunbury, including quantitative
observations of provisioned and non-provisioned dolphins using focal follow methods. This
has enabled researchers to identify key behavioural differences that are linked to calf survival.
Long-term demographic data have also been important for determining how provisioning
affects life history parameters (such as weaning age, age at first birth, and survival). In contrast,
quantitative observations of Bunbury provisioned and non-provisioned individuals have not
been collected. However, after eleven years of year-round boat-based photo-identification
surveys along pre-determined transect lines throughout the study area, information on
demographic parameters, (e.g., reproductive and survival rates), home ranges and habitat use,
are now available to investigate potential negative consequences of food-provisioning in
Bunbury. If not properly managed, food-provisioning clearly has negative impacts (e.g.
Sarasota, Florida, Christiansen et al. 2016b; Monkey Mia, Mann et al. 2000). The long-term
SWMRP database and the findings from the on-going study aimed to quantify possible impacts
of food-provisioning, will provide further localized information for the management of this
activity in Bunbury.

As a consequence of the different management of food-provisioning, the tourism
experience also differs at the two sites. In Monkey Mia, the experience focuses on the
provisioning itself; which is carried out by tourists supervised by DPAW staff. In contrast, the
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provisioning is not central to the experience in Bunbury but rather it is a more discreet event
in which tourists are passive spectators. At Bunbury, volunteers informally present some
information on dolphin biology, ecology and conservation at their own discretion. At Monkey
Mia there is considerable interaction between the rangers and scientists, so that information is
updated regularly. There is a considerable potential to enhance visitor experience at both sites
by providing much more comprehensive and engaging information.

Bunbury is an industrialized port characterized by heavy recreational traffic. This is in
stark contrast to Monkey Mia, which is pristine and a World Heritage Site. Thus, the effect of
dolphins becoming conditioned to food handouts in Bunbury most likely has more severe
consequences. As dolphins’ wariness towards people decreases, the chances for boat strikes
and entanglements increases and there are more opportunities for the general public to illegally
feed dolphins. In Bunbury, begging behaviour by dolphins away from the food-provisioning
area is not uncommon. This maladaptive behaviour can be facilitated by provisioned animals
via social learning and might spread through the dolphin population (Donaldson et al. 2012b)
as an unwanted and unintended consequence of controlled food-provisioning. Moreover,
regulations to prevent disturbance (e.g. maximum distance, speed limits and the prohibition to
feed and pet free-ranging dolphins) are breached on a daily basis by recreational boaters (VS,
Pers. Obs). These cumulative stressors present in Bunbury, represent the main differences
between the two sites and need to be considered in addressing management of foodprovisioning.
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Chapter 3

Pregnancy cravings: visitation at a food-provisioning site is
driven by the reproductive status of bottlenose dolphins
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3

Pregnancy cravings: visitation at a food-provisioning site is driven by the
reproductive status of bottlenose dolphins

3.1

Abstract

Marine wildlife tourism attractions often use food rewards to ensure close-up
encounters with free-ranging animals. In Bunbury, Western Australia, the Dolphin Discovery
Centre (DDC) conducts a food-provision program where bottlenose dolphins (N= 22; between
2000-2018) are offered food rewards to encourage their visitation at a beach in front of the
DDC. We used historical records on individual beach visits by adult female dolphins collected
by the DDC from 2000 to 2018 to develop generalized mixed effects models (GLMM) to test
whether the frequency of beach visitation was influenced by their reproductive status
(pregnant, lactating, non-reproductive) or climatic events (El Niño-Southern Oscillation
phases) that could affect prey availability. We also quantified the behavioural budget of
dolphins during food-provisioning sessions and documented intra and inter-specific aggressive
behaviours using individual focal follows collected in 2017-2018. Provisioned females spend
most of the time resting within the interaction area (66.3%) and aggressive interactions arise
as a consequence of dominance behaviour over food access. Visitation rates were most
influenced by reproductive status with pregnant and lactating females visiting more frequently
the provisioning area (z = 2.085; p = 0.037 and z = 2.437; p = 0.014, respectively). Females
that frequently visit the provisioning area expose their dependent calves to regular human
interactions at an early age when they are more susceptible to behavioural conditioning. Such
experiences could cause the loss of awareness towards humans and promote maladaptive
behaviours such as begging, that increase risk of entanglement in fishing gear, boat strikes and
propeller injuries.
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3.2

Introduction

Mammalian reproduction is energetically demanding (Gittleman & Thompson 1988;
Rogowitz 1996) with lactation being the most costly phase of a females’ reproductive cycle
(Gittleman & Thompson 1988; Oftedal 1997; Hinde & Milligan 2011). To meet the energetic
requirements of reproduction, females adopt one of any combination of the following
strategies: modify their behavioural budget by allocating less time to energetically demanding
activities, metabolize lipid reserves or increase nutritional consumption rates (Gittleman &
Thompson 1988; Laurenson 1995; Bejder et al. 2019). The strategy adopted differs between
income and capital breeders (Houston et al. 2006). While, in income breeders, reproduction
temporally and spatially overlaps with energy acquisition (i.e. feeding), capital breeders
reproduce when a certain energetic level threshold is reached, usually by feeding on a spatially
separate ground (Houston et al. 2006). Thus, capital breeders mostly rely on endogenous
energy reserves to produce and raise offspring (Christiansen et al., 2018; Christiansen, Dujon,
Sprogis, Arnould, & Bejder, 2016; Christiansen, Víkingsson, Rasmussen, & Lusseau, 2014),
generally produce milk with high fat content (>30%) and have a shorter lactation period
(Oftedal 1997). For example, female humpback whales (Megaptera novangliae) store 25%
more fat than non-reproductive individuals (Irvine et al. 2017) and true seals (family Phocidae)
rely on maternal fat storage to provision offspring with 97% of the energy expenditure after
birth stemming from their own fat reserves (Bowen 2001). In contrast, income breeders that
continue feeding while lactating have long lactation periods and produce milk with lower fat
content (Oftedal 1997; West et al. 2007; Hinde & Milligan 2011). Primates, for instance, have
a fat content raging between 0.2% (Goeldi's marmoset- Callimico goeldii, to 6.2% in Rhesus
macaque – Macaca mulatta) (Hinde & Milligan 2011). Otariids (Otaridae sp.), large carnivores
such as cheetah (Acinonyx jubatus) and monkeys (Primates sp.), have less variation in fat
deposits prior, during and after pregnancy, but adapt their behavioural budgets to meet the
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additional energetic cost of reproduction (Laurenson 1995; Tardif et al. 2001; Costa 2008;
Hinde & Milligan 2011).

Consequently, prey availability influences reproduction, forcing females to make
decisions on both energy allocation (e.g. seeking additional food source and foraging for longer
periods) and timing of reproduction to counteract environmental stochasticity (Ono et al. 1987).
For example, mouse-eared bats (Myotis sp.) modify the timing of parturition dependent upon
food availability, at times delaying birth by years when resources are scarce (Arlettaz et al.
2001). Environmental conditions directly influence the reproductive cycle of female
chimpanzees (Pan troglodytes), with more females going into oestrus when food availability
is high (Anderson and Nordheim 2006). Similarly, climatic events such as El Niño-Southern
Oscillation (ENSO) phases (El Niño, La Niña, Neutral) affect prey distribution and availability
which, in turn, influence reproduction and maternal care of offspring in California sea lions
(Zalophus californianus) and other otariid species (e.g. Northern fur seal - Callorhinus ursinus,
Antarctic fur seal - Arctocephalus gazella, Australian sea lion - Neophoca cinereal) (Ono et al.
1987; Soto and Trites 2006; Costa 2008).

Bottlenose dolphins (Tursiops sp.) are income breeders with life strategies resembling
that of primates, including long life spans, prolonged periods of lactation and young
dependency (Oftedal 1997; Trillmich & Weissing 2006; Williams et al. 2007). Bottlenose
dolphin milk fat content varies with pregnancy stage, ranging between 6.8% to 25.2%, (West
et al. 2007) and calves typically suckle until the age of three years (although weaning age can
vary between 1.8 years and 8 years of age; Foroughirad and Mann 2013) with an estimated
mass gain of 2-4kg for each kg of milk intake (Oftedal 1997; West et al. 2007). Calves start to
supplement their energy-intake with fish at the age of 3-4 months (Mann & Smuts, 1999;
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Oftedal, 1997). Female bottlenose dolphins with a dependent calf consume ~12kg of food/day
(Bejarano et al. 2017) to meet the energetic requirements of lactation and calf growth. Since
females continue to feed while lactating, energy reserves are less important than food intake in
meeting their energetic requirements (West et al. 2007). Food-provisioning by humans can
represent an additional food resource for reproductive females. Only a few studies report on
the effect of supplemental food from human sources on dolphin reproduction with contrasting
results on whether provisioning benefits or hinders calf production and survival (Mann &
Kemps, 2003; Mann, Connor, Barre, & Heithaus, 1998; Neil & Holmes, 2008; Senigaglia et
al., 2019; Tixier, Authier, Gasco, & Guinet, 2015).

In Bunbury, Western Australia (WA), a state-regulated dolphin food-provisioning
program is offered by the Dolphin Discovery Centre (DDC), a not-for-profit tourism facility.
Here, 12 dolphins (in 2017-18) were provided food rewards to encourage their visitation at a
beach in front of the DDC to ensure tourists an up-close dolphin encounter. Food-provisioning
is limited to a maximum of 500g of fish/animal/day, corresponding to approximately 5% of
their daily energetic requirement (Kastelein et al. 2002; Bejarano et al. 2017). Dolphins visit
the dedicated food-provisioning area mainly during summer months (November to March),
which correspond to the peak calving season (Smith, Frère, Kobryn, & Bejder, 2016). This
resident dolphin population has been extensively studied and information is available on the
population’s abundance, sociality, habitat use, foraging ecology and genetic connectivity
(McCluskey et al. 2016; Smith et al. 2016; Sprogis et al. 2016; Sprogis et al. 2017; Manlik et
al. 2019). Population viability analyses forecasts the population to decline at current levels of
reproduction and mortality (Manlik et al. 2016). Given the paucity of gene influx from other
dolphin populations in South-western Australia, the Bunbury population is considered
especially at risk (Manlik et al. 2019a). In light of the sensitivity of this population to
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reproduction, it is important to explore what influences decision -making in adult females in
the context of food-provisioning, that has been proven to decrease both calf survival and female
reproductive success.

The aim of this study is to assess the effects of reproductive cycle and environmental
stochasticity on the visitation rates of adult females to a food-provisioning site in Bunbury,
WA. We hypothesize higher visitation rates of adult females during the year preceding the birth
of their calves (pregnancy) and during lactation (up to three years after parturition) than in nonreproductive stage. We used generalized liner mixed models to explore factors affecting female
dolphin visitation rates to the provisioning area while controlling for differences across years,
months and individuals’ identity. In particular, we explored the effects of female reproductive
state (pregnant, lactating, non-reproductive) and climatic fluctuations (El Niño Southern
Oscillation (ENSO) phases: La Niña, El Niño, Neutral) on visitation rates. ENSO events
influence dolphins abundance in Bunbury, possibly because of lower prey availability during
El Niño years (Sprogis et al. 2018b), thus it might also influence visitation rates as females
would seek additional food from human when prey are more scarce. We also estimated the
behavioural budgets of individual dolphins at the provisioning area and quantified risky
interactions between humans and dolphins. Results from this study provides insights into the
foraging strategy of reproductive females and complement findings from Senigaglia et al.
(2019) in providing crucial information to manage the practice of food-provisioning.

3.3

Methods

3.3.1 Data collection
Food-provisioning of dolphins occurs at Koombana Beach (33°19′S, 115°38′E) on the
North East side of the DDC, Bunbury, Western Australia, in a dedicated area called the
42

interaction zone or provisioning area (Figure 3.1). The provisioning area is a 600m2 boatrestricted area delimited by buoys where dolphins can freely enter throughout the day. Foodprovisioning is carried out between 8am to 12pm (Mann et al. 2018). During provisioning
events, tourists enter the water knee-deep and in a straight line while a designated dolphinfeeder from the DDC enters the water at the end of the line to provision dolphins. Currently
(July 2019), 12 dolphins are included on the provisioning list but only six are considered active
(i.e., have visited the provisioning area in the last two years). Among the active dolphins there
are three adult females, one juvenile female and two adult male offspring of the same
provisioned mother.
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Figure 3.1 Map of the Bunbury Dolphin Discovery Centre (insert represent the provisioning
area)
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3.3.2 Visitation rates
Data on dolphin visits to the provisioning area and food-provisioning rates have been
systematically collected by the DDC since 2000 (Appendix D). Data include the type and
amount of food-provisioned, the identity of the provisioned dolphin and the duration of each
visitation. The data collected by DDC were augmented by long-term historical photo-ID
capture-recapture data collected from 2007-2018 (for detailed description of data collection
please refer to Sprogis et al. 2016; Senigaglia et al. 2019). We assigned each female one of
three reproductive states (pregnant, lactating, non-reproductive). In bottlenose dolphins,
gestation lasts one year (Connor et al. 2000), so a female was defined as pregnant within the
12 months preceding the birth of her calf and lactating from parturition to weaning age. Calves
were considered weaned at three years of age or when replaced by another dependent calf
(Karniski et al. 2018; Senigaglia et al. 2019). A female was considered non-reproductive if she
didn’t meet any of the previous criteria.

3.3.3 Behavioural budgets and dolphin-human interactions
Additionally, we conducted individual focal follows at the provisioning area (Altmann,
1974; Mann, 1999) from January to March 2017 and from December to February 2018, to
quantify the behavioural budget of provisioned animals. Behavioural data were recorded every
minute for a maximum of 30 minutes or until the dolphin left the provisioning area and its
activity couldn’t be reliably determined. A combination of instantaneous point-sampling and
all-events sampling was used to record behavioural state and dolphin-human interactions
(Table 3.1), respectively. Dolphin-human interactions refer to those risky behaviours initiated
either by dolphins or humans that are considered inappropriate, aggressive or can results in
injuries (e.g. human initiated: physical contact, chasing a dolphin to force an interaction, slap
water; dolphin initiated: e.g. abrupt behaviour and changes in speed performed at close distance
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to humans, tail slap). Finally, we recorded any intra-specific aggressive behaviour that was
likely linked to the provisioning session such as dominance behaviour over food.

Table 3.1 Definition of behavioural states (foraging, travelling, resting and socializing) and
human-dolphin interactions (chasing, begging and parading) recorded during foodprovisioning sessions within the provisioning area at the Dolphin Discovery Centre, Bunbury,
Western Australia

Behaviour

Description

Foraging

Foraging (the exclusive search for prey items) and feeding (active pursuit of prey
and processing of captured prey) were both recorded as foraging. At the
provisioning area, characterized by shallow waters, foraging generally occurs by
a single dolphin and involves tail-out and peduncle dives, rapid belly up
swimming or octopuses tossing.

Travelling/Slow

Travel is characterized by regular and consistent directional movement on roughly

Travelling

a straight line and actively progressing from point A to point B. Travel is
commonly >3.2 km/h.

Resting

Resting is characterized by slow speed swimming with no clear directionality. The
individuals in the group surface and dive within a few seconds (5-15) of each other
and can spend long periods of time submerged (1-3 min.) Resting individuals
often log at the surface.

Socializing

Socializing is characterized by body contact, rubbing and petting, and chasing,
etc. and comprises of 1) affiliative, 2) aggressive, and sexual behaviours. Noncontact and synchronous display can also be considered a social behaviour but it
was never observed at the provisioning area and thus not included. In the context
of the beach interaction, we refer to chasing as an aggressive behaviour directed
towards other dolphins (in a dominance like behaviour in which dolphin chase
away conspecifics to prevent them from being fed) or towards human (aka visitors
or DDC volunteers).

Begging (hand-cue/

Within the provisioning area, begging refers to any behaviour employed by the

open mouth)

dolphin as to elicit food from humans.

Parading

Parading is a behaviour related to food-provisioning and occurs during beach
interactions when dolphins swimming/slow travelling in a parallel direction to the
shore and the line of tourists from one end to the other.
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3.4

Analyses

We utilized data collected by the DDC to explore the effects of reproductive status and
climatic events on visitation rates and data from focal follows to estimate female behavioural
budgets while at the provisioning area.

3.4.1 Visitation rates
We estimated the frequency of visits to the provisioning area of each individual. We
considered an individual as “provisioned”, if they were provisioned on five or more occasions
or adult offspring of provisioned females (dependent calves were excluded by the analyses).
This threshold was chosen assuming that these dolphins would be familiar with foodprovisioning and thus approach the beach specifically to be fed by humans (Senigaglia et al.
2019). We restricted the dataset to include only months in which dolphin visits occurred. We
compared the number and duration of monthly visits between provisioned and non-provisioned
dolphins using Welch’s two-sample test (Ruxton, 2006). We then subsetted our data to include
only provisioned adult females and modelled their monthly visitation rate (number of visits per
month) in relation to their reproductive status (pregnant or lactating, both coded as binary
variables) and climatic events (ENSO phases assigned as La Niña, El Niño and Neutral based
on monthly Southern Oscillation Index value) using generalized mixed effects models
(GLMM). Months nested in years and dolphin identity were used as random effects.
Overdispersion was tested by dividing the squared value of the Pearson’s residuals by the total
number of observations minus the number of coefficients estimated by the model. A negative
binomial distribution of the response variable and a log link function was chosen to allow for
overdispersion and high positive kurtosis of the data.
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3.4.2 Model selection and validation
We tested for collinearity among explanatory variables calculating the variation
inflation factor (VIF) using the package car in R v3.4.2 software (R Core Team 2017). The
best fitting model was selected based on minimization of Second Order Akaike’s Information
Criteria (AICc) values to account for small sample size (Burnham & Anderson 2004). Model
residuals were visually examined to ensure lack of violation of independence and leverage and
Cook’s distance were calculated to identify influential data points and outliers. All analyses
were run in R v3.4.2 software; GLMM models were fitted using the package lme4 (Bates et al.
2015).

3.4.2.1 Behavioural budgets and dolphin-human interactions
Behavioural budgets were estimated as a proportion of the time spent in each
behavioural state in relation to the total amount of time each dolphin was observed. Dolphinhuman interactions and risky behaviours were summarized.

3.5

Results

3.5.1 Dolphin visitation rates to the food-provisioning area
Between 2000-2018, the DDC documented 83 distinct dolphins visiting the foodprovisioning area during 6,892 visits of which 5,237 visits resulted in provisioning events. Of
these, 22 dolphins were provisioned. Monthly environmental stochasticity, based on SOI
values, was moderately variable during the period examined (median= -1.8; SD= 10.14). In
total, 37 El Niño events were recorded during the study period, with a particular prevalence in
2002 (n= 4 months), 2004 (n= 4 months) and 2015 (n= 8 months). Provisioned dolphins
significantly differed from non-provisioned in the frequency and duration of visitations within
the provisioning area (t= -13.643, df= 926, p < 0.001; t = -12.841, df= 1031, p < 0.001,
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respectively). Provisioned dolphins visited the provisioning area, on average, 10.36
times/month (median= 5; SD= 14.61) where they spent an average of 198.11 min/month
(median= 80; SD= 306.07). According to AICc values, the best fitting model included pregnant
and lactating status as explanatory variables (Model 1; Table 3.2), with pregnant and lactating
females visiting the provisioning area significantly more than adult females in a nonreproductive state (z= 2.085, p= 0.0371; z = 2.437, p = 0.0148).

Table 3.2 Model selection statistics for fitted GLMMs. Visits refers to the monthly number of
visits a particular dolphin was recorded within the provisioning area. Random effect includes
dolphin identity and months nested into years. Second order Akaike Information Criteria
(AICc) was used in place of AIC to account for small sample sizes. Difference in AICc from
the most parsimonious model (delta), model weight (wi) and residual degrees of freedom (df)
are also provided.
AICc

DAICc

wi

df

visits ~ pregnant + lactating + random effects

2290.59

0.00

0.67

381

visits ~ lactating + random effects

2292.76

2.17

0.22

382

visits ~ pregnant + lactating + ENSO + random effects

2293.43

2.84

0.14

379

visits ~ pregnant + random effects

2294.32

3.73

0.10

382

visits ~ ENSO + random effects

2295.75

5.17

0.04

381

visits ~ 1+ random effects

2343.53

52.95

< 0.001
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Model

3.5.2 Behavioural budgets and dolphin-human interactions
During the Austral summers of 2017 and 2018, we conducted 121 focal follows of adult
female dolphins within the provisioning area, corresponding to 50 hours of behavioural data
collection on six individuals (Table 3.3). During visits to the provisioning area, adult female
dolphins mainly rested (66.3 %) or “paraded” (24 %) in front of the line of tourists while
waiting to be provisioned (Figure 3.2).
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Figure 3.2 Frequency of dolphin behaviours (number of 1-min point samples) recorded during
provisioning sessions. F refers to foraging; P: parading, R: resting, S: socialising and T:
travelling.
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Dolphins rarely socialized (with conspecifics) with the exception of agonistic
interactions in which dolphins aggressively chased conspecifics away in a dominance type
behaviour (n= 9). Dolphins frequently approached tourists or DDC personnel at sustained
speed, resulting in 1.3 aggressive interactions/hour (n= 69). Human-dolphin interactions
mainly occurred when tourists stepped in front of the line or were wearing similar clothes to
the designated DDC dolphin-feeders (red T-shirt). No physical contact with dolphins initiated
by humans was recorded (e.g. touching the dolphins).

Table 3.3 Sample size of focal follows collected during the Austral summers of 2017 (January
to March) and 2017-2018 (December to March). Identity of the dolphin is provided along with
sex (F= female; M= male), age class, total number of focal follows, average time spent within
the provisioning area and the total number of hours that each dolphin was followed. Note that
number and length of follow per individual is dependent upon the frequency and duration of
each dolphin visit to the provisioning area (e.g. a greater number of follows reflect the higher
frequency of visits for that individual dolphin).
Dolphin

Sex

Age

identity

No. of focal Hours followed within

Average time within

follows

the provisioning area

provisioning area

Levy

F

Adult

26

9:32

0:32

Eclipse

F

Juvenile

43

22:06

0:35

Cracker

F

Adult

40

14:05

0:25

Shanty

F

Adult

9

3:09

0:29

Osho

M

Adult

2

0:37

0:11

Calypso

M

Adult

1

0:33

0:33
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3.6

Discussion

Our results show that the frequency of adult female dolphin visits to the provisioning
area is associated with their reproductive status, more so than on environmental stochasticity.
In Bunbury, climatic fluctuations in the form of ENSO phases influence dolphins abundance
and distributions, possibly reflecting prey availability (Sprogis et al. 2018b). However, our
results show that females did not vary their visits frequency in relation to ENSO events. In
contrast, pregnant and lactating female bottlenose dolphins sought additional food sources by
visiting the provisioning site more often than non-reproductive females, and, when they were
within the provisioning area, they spent most of the time resting until provisioned.

Increased foraging intake and lower energetic expenditure are two strategies that
income breeding mammals employ to meet the additional energetic demands imposed by the
cost of reproduction (Mclean & Speakman 1999; Dufour & Sauther 2002; Krockenberger
2003; Barrett et al. 2006; Hoskins & Arnould 2013; Bejder et al. 2019). Some species seek
supplemental food from humans begging for food hand-outs, depredating (removing bait or
catch from fishing gear) or feeding on food discard. Whether or not supplementary feeding has
a fitness advantage in terms of survival and reproductive success is case-dependant and still a
matter of debate. For instance, female killer whales (Orcinus orca) that depredate long-line
fisheries in the Crozet Archipelago have higher calving rates than their non-depredating
counter-parts (Tixier et al. 2015). In contrast, Lunn and Stirling (1985), found no reproductive
or survival advantages for polar bears (Ursus maritimus) feeding from a dump site in Manitoba,
Canada. Dolphins fed by humans as part of a tourism attractions, show different calf survival
rates across sites. In Tangalooma, QLD, provisioned bottlenose dolphins (Tursiops aduncus),
that are provisioned approximately 10-30% of their daily food-intake for a limited period of
the year (corresponding to roughly 5% of the year), show a calf survival rate as high as 100%
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(n= 8; Neil and Holmes 2008). In contrast, in Bunbury and Monkey Mia, WA (prior to changes
in management; for details please refer to Mann et al. 2018) reproductive success and calf
survival of provisioned females is significantly lower than for their non-provisioned counterparts (Foroughirad & Mann, 2013; Mann et al., 1998).

In Bunbury, the food-provisioning program offers a reliable and almost energeticallyfree food resource (i.e. little energy-expenditure to capture prey items), however, the amount
of food provisioned is not enough to support the additional energetic requirement of pregnancy
and lactation. Specifically, the provisioning permit states that each dolphin is allowed a
maximum of 500g of fish/day, corresponding to ~5% of the daily nutritional intake of an adult
dolphin. The energy requirement of a lactating bottlenose dolphin female is 70% higher than a
non-lactating female (Bejarano et al. 2017). Thus, provisioned females still need to acquire a
substantial amount of energy-intake away from provisioning area. A study by Senigaglia et al.
(Chapter 5) documents that provisioned females socialize less than their non-provisioned
counterparts and that their calves spend significantly more time foraging and less time
socializing when away from the provisioning area. While food-provisioning does not suffice
to meet the added energetic requirement of reproduction, the high visitation rates of pregnant
and lactating females alters their behavioural budgets away from the provisioning area and also
expose their calves to frequent up-close interactions with humans at a young age. These
repeated and regular interactions can cause calves to lose their wariness towards humans and
develop maladaptive behaviours such as begging (Bejder, Samuels, Whitehead, Finn, & Allen,
2009; Christiansen, McHugh, et al., 2016; Powell & Wells, 2011; Samuels & Bejder, 2004).
Indeed, offspring of provisioned females in Bunbury become regular visitors to the
provisioning area themselves and some have been recorded begging at boats at a higher
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frequency than non-provisioned dolphins (Senigaglia et al. 2019) which, in turn, can lead to
increased risk of entanglement in fishing gears and propeller injuries.

Finally, our results show that, within the provisioning area, dolphins are prone to
compete with other dolphins over food, displaying a dominance type behaviour. While
aggressive behaviour in males bottlenose dolphins is common during mating season (Scott et
al. 2004), females tend present fewer tooth marks (a measure of aggressive encounters; Scott
et al. 2004; Marley et al. 2013) and food scramble competition is uncommon in the area (VS,
Pers. Obs). Similar behaviours are widespread in locations where food-provisioning is
conducted (Orams, 1996b; Smith, Samuels, & Bradley, 2008; Pinto de Sá Alves et al. 2012).
For instances, in Tangalooma, “pushy” dolphin behaviour (visitors being forcefully pushed by
the dolphins’ rostrum) is common that mainly involve adult males in competition for food
access (Orams 1996b; Orams & Hill 1998). In Monkey Mia and in Novo Airão city, Brazil,
aggressive and abrupt behaviours (e.g. tail slaps, sudden and abrupt approaches towards
visitors, bites, chases, hits, etc.) are more likely to occur the longer dolphins wait before being
fed (Smith et al., 2008; Novo Airão city et al. 2012). These risky interactions, whether initiated
by humans or dolphins, suggests that food-provisioning can promote aggressive behaviours in
dolphins and put at tourists at risk.
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3.7

Conclusion

Our results show that provisioned adult female dolphins seek additional food from
humans (aka food-provisioning) during energetically-demanding periods such as pregnancy
and lactation. However, given the documented lower reproductive success and calf survival of
provisioned females (Senigaglia et al., 2019) and assuming a causal relationship between foodprovisioning and individual fitness, the costs of food-provisioning might outweigh the benefits
gained from the limited food rewards. Dolphin calves exposed to frequent and up-close
interactions with humans appear more susceptible to behavioural conditioning and are prone
to develop maladaptive behaviours that, in turn, might affect their survival (Samuels & Bejder
2004; Bejder et al. 2009b; Donaldson et al. 2012a). Moreover, the occurrence of intra and interspecific aggressive behaviour raises further concerns over the safety of both dolphins and
tourists during food-provisioning sessions at tourism facilities promoting up-close dolphin
encounters.
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Chapter 4

Food-provisioning negatively affects calf survival and female
reproductive success in bottlenose dolphins

Levy

This chapter is published:
Senigaglia V., Christiansen F., Sprogis K., Symons J. and
Bejder L. 2019. Food-provisioning negatively affects calf
survival and female reproductive success in bottlenose dolphins.
Scientific Reports 9:8981
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affects

calf
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and

female

reproductive success in bottlenose dolphins

4.1

Abstract

Food-provisioning of wildlife can facilitate reliable up-close encounters desirable by tourists
and, consequently, tour operators. Food-provisioning can alter the natural behaviour of an
animal, encouraging adverse behaviour (e.g. begging for food handouts), and affect the
reproductive success and the viability of a population. Studies linking food-provisioning to
reproductive success are limited due to the lack of long-term datasets available, especially for
long-lived species such as marine mammals. In Bunbury, Western Australia, a state-licensed
food-provisioning program offers fish handouts to a limited number of free-ranging bottlenose
dolphins (Tursiops aduncus). Coupled with long-term historical data, this small (< 200
individuals), resident dolphin population has been extensively studied for over ten years,
offering an opportunity to examine the effect of food-provisioning on the reproductive success
of females (ntotal = 63; nprovisioned females = 8). Female reproductive success was estimated as the
number of weaned calves produced per reproductive years and calf survival at year one and
three years old was investigated. The mean reproductive success of provisioned and nonprovisioned females was compared using Bayes factor. We also used generalized linear models
(GLMs) to examine female reproductive success in relation to the occurrence of foodprovisioning, begging behaviour and location (within the study area). Furthermore, we
examined the influence of these variables, birth order and climatic fluctuations (e.g. El Niño
Southern Oscillation) on calf survival. Bayes factor analyses (Bayes factor = 6.12) and results
from the best fitting GLMs showed that female reproductive success and calf survival were
negatively influenced by food-provisioning. The negative effects of food-provisioning,
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although only affecting a small proportion of the adult females’ population (13.2%), are of
concern, especially given previous work showing that this population is declining.
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4.2

Introduction

With an increase in the human population that reside in cities, nature-based-tourism,
particularly involving charismatic megafauna, is becoming a widespread and popular
phenomenon to reconnect with nature (Cox & Gaston 2018). Short-term benefits for people
interacting with wildlife have been well-documented (Schänzel & McIntosh 2000; Zeppel &
Muloin 2008; Bell et al. 2018) and encompass physiological, psychological and social gains
such as relief from stress, enjoyment and a sense of accomplishment (Curtin 2005). Close-up
wildlife encounters can stimulate strong emotional responses in humans which, in turn, can
inspire conservation action and provoke long-term behavioural changes (Manfredo & Dayer
2004; Hughes et al. 2011). Moreover, nature-based tourism also brings great financial rewards.
For example, in 2009, whale and dolphin watching was a $2 billion industry employing 13,000
people and engaging >13 million tourists (O’Connor et al. 2009a; Cisneros-Montemayor et al.
2010).

Food rewards can facilitate and promote close-up encounters between people and
wildlife (Oro et al. 2013) and the tourism industry capitalizes on this practice to promote
reliable access to animals at wildlife-watching locations (Orams 2002). However, intentional
feeding of free-ranging animals is a contentious issue (Orams 2002) and the potential impacts
on targeted populations must be carefully considered. While in some cases food-provisioning
leads to increase in breeding activity and survival, especially during periods of limited resource
availability (Boutin 1990), the majority of studies report that food-provisioning used by the
tourism industry can have detrimental effects on wildlife (Mann et al. 2000; Orams 2002;
Wrangham et al. 2008; Dubois & Fraser 2013; Christiansen et al. 2016b) and in particular when
targeting top predators (Newsome et al. 2015). For example, food-provisioning can cause
disruptions of natural behavioural patterns (Orams 2002; Wrangham et al. 2008;
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Brunnschweiler et al. 2014), increased inter- and intra-specific aggression (Alves et al. 2013)
and changes in residency patterns and home range size(Boutin 1990; Clua et al. 2010) that can
lead to trophic cascade events and modified species assemblage(Di et al. 2008; Selva et al.
2014). Some studies also report that feeding wildlife associated with tourism frequently
increases stress, injury, disease transmission and/or malnutrition of the animals(Marechal et al.
2016; Murray et al. 2016b). In the case of cetaceans, provisioning has also been linked to
unnatural behaviours that can be socially learned, such as patrolling, scavenging, depredation
and begging(Powell & Wells 2011; Donaldson et al. 2012a). In turn, these behaviours increase
the exposure of individuals to vessels and fishing gear, leading to greater risk of collision and
entanglements(Donaldson et al. 2010; Powell & Wells 2011; Christiansen et al. 2016b).
Repeated impact of anthropogenic disturbance on individual animals can lead to population
level consequences due to cumulative exposure to disturbance or if a large enough proportion
of the population is affected(Higham et al. 2016).

Intentional (legal and illegal) food-provisioning of different dolphin species occurs in
several locations worldwide, generally within coastal or easily accessible waters to humans.
For example Amazon river dolphin (Inia geoffrensis) and tucuxi (Sotalia fluviatilis) in Brazil
are fed from floatation platforms on the Amazon river that also allow tourists to swim with
these wild dolphins(Alves et al. 2013). Furthermore, common bottlenose dolphin (Tursiops
truncatus) in Florida and Georgia, USA(Powell & Wells 2011; Christiansen et al. 2016b), and
Indo-Pacific bottlenose dolphin (Tursiops aduncus) and humpback dolphin (Sousa sahulensis)
in Australia are fed by recreational boaters and fishermen(Samuels et al. 2000). In Australia,
provisioning of free-ranging marine mammals is illegal under state and federal law (1998
Wildlife Conservation Notice), however it has been reported at several sites, including
Cockburn Sound and Bunbury, Western Australia(Samuels et al. 2000; Finn 2005). In
Australia, dolphins are also food-provisioned as part of regulated provisioning programs. Four
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locations have been granted legal permission to conduct food-provisioning and thus constitute
exemptions: Tangalooma and Tin Can Bay, Queensland, and Monkey Mia in Shark Bay and
Bunbury, Western Australia (WA)(Orams 1996b; Samuels et al. 2000). Extensive research has
been undertaken in Monkey Mia on the provisioned dolphin population, and this research has
informed the WA state management authority to implement procedures that partially addressed
the negative effects of food-provisioning(Foroughirad & Mann 2013).

In Bunbury, 22 dolphins are currently, or have been, routinely fed as part of a state
regulated provisioning program, conducted by the Dolphin Discovery Centre (DDC), a nonprofit organization that also offers dolphin-watching and swim-with tours. Here, trained
volunteers provision dolphins a small amount of fish (with a daily maximum of 500gr) which
equates to approximately 4% of the estimated daily calorific requirement of an average nonlactating free-ranging dolphin(Kastelein et al. 2002; Bejarano et al. 2017). The provisioning is
conducted in a non-predictable manner, with the time of feeding dependent upon the dolphins,
which is different to Monkey Mia where there are daily scheduled feeding sessions at specific
time of day (for a detailed description of the dolphin food-provisioning procedure in Bunbury
and Shark Bay see Mann et al. (2018). Moreover, differently from Monkey Mia, in Bunbury,
the number and identity of provisioned dolphins is not restricted by law. In Bunbury,
provisioned dolphins are fed at different rates depending on their visitation frequency, as such
some dolphins are fed regularly because they regularly visit the interaction zone in front of the
DDC while others only visited the interaction zone, and thus were fed, more sporadically.

The Bunbury dolphin population has been studied extensively and previous research
has yielded valuable information on the population’s abundance (Smith et al. 2013; Sprogis et
al. 2016a), social structure (Smith et al. 2016), ranging patterns (Sprogis et al. 2016b, 2018b),
behavioural and foraging ecology (McCluskey et al. 2016; Sprogis et al. 2017), population
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viability (Manlik et al. 2016) and genetic connectivity to other populations in south-western
Australia (Manlik et al. 2019a). In 2016, Manlik et al. (2016) predicted that the dolphin
population was in decline, and would be reduced by 50% over the next twenty years. In light
of this, it is important to determine any potential impacts of food-provisioning on the Bunbury
dolphin population.

In this study, we capitalize on ten years of systematic data collection coupled with longterm historical data available from the DDC and explore i) whether food-provisioning affects
female reproductive success and; ii) factors that may influence calf survival. We compared the
mean reproductive success between provisioned and non-provisioned females, and further
investigated whether food-provisioning, begging for food-handouts and location (sheltered vs
open waters) influenced female reproductive success. We examined whether calf survival was
influenced by maternal provisioning status and begging, birth order, preferred location and
extreme climate fluctuations (El Niño Southern Oscillation (ENSO) phases). Concerns for the
effect of food-provisioning on the reproductive success of female dolphins have previously
been raised, based solely on anecdotal observations (Mann et al. 2018). The present study
provides the first empirical data regarding an actual negative impact of this practice on
reproductive success and calf survivorship. Moreover, results from this study provide pertinent
biological information to management agencies for informed decision making to ensure the
long-term sustainability of the dolphin population and, in turn, the local tourism industry in a
region of human population growth and infrastructure development.
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4.3

Methods

4.3.1 Study site and data collection
Data on dolphin groups were collected in the coastal waters around Bunbury, Western
Australia (33°200S, 115°380E), from 2007 to 2016 (Appendix D). Dedicated boat-based
transects were conducted year-round following three routes: Buffalo Beach, Back Beach and
Inner waters (combined referred to as the ‘Inshore transect’ which included the sheltered waters
of Koombana Bay and the Leschenault Estuary) and encompassed an area of 120 km2 (Figure
4.1). From 2012, three additional transects routes were added: Buffalo Beach open, Back Beach
open and Busselton, increasing the survey area by 420 km2. Data on dolphins were recorded
at group level and included Global Positioning System (GPS) position, time of dolphin
encounter, water depth, predominant group behaviour (during the first five minutes of the
encounter), and group size and composition. Photo-identification (photo-ID) images of dorsal
fins were collected to allow individual identification (for a detailed description of data
collection see Sprogis et al. (2016a). Data were collected in accordance with the relevant
guidelines and regulations imposed by Murdoch University and the Western Australia
Department

of

Biodiversity,

Conservation

and

Attractions

(www.murdoch.edu.au;

www.legislation.wa.gov.au).
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Figure 4.1 Study area off Bunbury, Western Australia. The insert map includes the transect
routes followed during boat-based data collection. Zig-zag lines represent transects run along
Back Beach and Buffalo Beach (collectively representing “Outer waters”).
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Data on occurrences of dolphin begging behaviour were recorded opportunistically
during transects. Begging is a type of human-dolphin interaction in which dolphins elicit food
handouts from humans by approaching humans on boats or at the shore, away from the
provisioning area (Powell & Wells 2011; Kovacs et al. 2017). Begging behaviour indicates that
an individual is conditioned to accept food-handouts from humans. Further observational
records of females with dependent offspring were collected by volunteers of the DDC during
dolphin-watching operations. Volunteers from the DDC have also kept systematic records of
dolphins visiting the provisioning site since 2000. Data recorded by the DDC volunteers
included the identity of provisioned dolphins, amount and type of fish provisioned and the
duration of each visit.

4.3.2 Female reproductive success and calf survival
Long-term photo-ID capture-recapture data from boat-based transects and DDC
observational data were used to quantify female reproductive and calf survival histories.
Reproductive success was calculated for females that had given birth to at least one calf and
been sighted on >10 occasions between 2007 and 2016. Reproductive success of each female
was calculated as a rate based on the number of calves that survived to 3 years of age in relation
to the number of years in which a female was reproductively active (Mann et al. 2008).
Bottlenose dolphin calves are nutritionally dependent on their mother for a minimum of 1-2
years but weaning time varies between populations and individuals (Mann et al. 2000) and can
last for as long as eight years (Mann et al. 2000). Date of weaning was estimated by taking the
mid-point between the date of the last recorded infant position and the first sighting of the
mother without the calf (Oliver 1980; Karniski et al. 2018). In Bunbury, the average weaning
age is 2.93 years (calculated based on 54 calves from 46 mothers for which date of birth and
date of weaning were known). Thus, for the purpose of this study, we considered three years
of age as the minimum weaning age (Fortuna 2006; Moderi 2007; Frère et al. 2010). A calf
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was also considered weaned if it was replaced by another dependent calf (Speakman et al.
2010) and then sighted post-weaning. A calf was considered deceased if it was less than three
years old at the time of its last sighting with its mother and the mother had been subsequently
observed at least three times without the calf (Speakman et al. 2010). Calves whose weaning
status was unknown were excluded from the analyses. Years of active reproduction were
calculated for each female from the year of its first known birth to 2017 or until the birth of her
current dependent calf. If a female had not been sighted during three or more years, those years
were excluded from the analyses as a calf could have been born and weaned during that time
period without being recorded.

4.3.3 Maternal characteristics
A female was considered conditioned to human food hand-outs and labelled as
‘provisioned’ if it had been fed by the DDC volunteers on at least five occasions between 2000
and 2016. To the extent of our knowledge, there are no references in the published literature
regarding the length of time that it takes to condition a free-ranging dolphin to accept food
rewards from humans. In the absence of references and to maximize the sample size, we
selected five feeding events as a threshold to categorize a dolphin as being ’provisioned’. To
be more conservative with regards to the definition of a provisioned animal, the threshold could
be raised. However, to reduce the current sample size by one dolphin would require the
threshold to be set at 150 events and we can presume consistent changes in the dolphins’
behaviour will occur well before this point. Further, when this new threshold was tested, there
was no change in the results of the analysis (see Appendix A). Please note that in regards to
provisioned females, we were able to estimate reproductive success for only 8 (out of 9) and
the minimum number of feeding events among those was 11 (Table 4.1). Additionally, we used
the total number of provisioning events as an explanatory variable in our models to address the
concern that females that were provisioned to a greater extent may be more adversely affected.
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No distinction was made between dolphins that were currently provisioned and dolphins that
were provisioned in the past.

Table 4.1 Number of provisioning and begging events for reproductive females which begged
and/or were provisioned at least once. Reproductive success was calculated as a rate based
on the number of weaned calves (calves that survived till three years of age) in relation to the
number of years in which a female was reproductively active. *Reproductive success of Key
was not calculated as her only calf was still dependent at the time of the study.
Individual

Reproductive success

Provisioning events

Begging events

Bignick

0.14

394

2

Cracker

0.08

160

2

Key

NA*

15

2

Kwilina

0.12

1

0

Fence

0.11

11

0

Flattop

0.25

2

5

Leuuwin

0.25

0

1

Levy

0.12

2512

19

Lumpy

0.13

233

8

Mars

0.2

0

2

MrsIruka

0.25

0

26

Nicky

0.14

436

0

Shanty

0.10

1018

46

Tangles

0.25

466

0

Tipex

0.28

1

1

Wave

0.28

0

1
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A female was defined as a begging dolphin if it had been observed begging at least once
during the study period (from 2007 to 2016, Table 4.1). A similar definition was used by Finn
H. (Finn 2005) who classified a ‘conditioned’ dolphin (aka. a begging individual) from the first
observation of the individual exhibiting begging behaviour. Also, dedicated focal follow
observations conducted in 2017-2018 suggest that individuals who exhibit begging are fairly
consistent in this behaviour (Senigaglia et al. unpublished data). Maternal age and experience
can also influence calf survival. A recent study from Karniski et al (2018) showed that calves
of younger mothers have higher survival rates (Karniski et al. 2018). Reliable data on maternal
age were insufficient to explore its effect on calf survival but birth order is related to maternal
age and early calves have higher chances to survive to weaning age than following ones
(Karniski et al. 2018). We categorized each calf as either the first recorded (aka earliest born
according to our records) or not, based on combined data from ecological surveys and citizen
science data collected by the volunteers of the DDC since 1990. We then used this binomial
variable (here and after called “birth order”) as a predictor in our models of calf survival. While
we cannot exclude that previous calves went undetected, our classification is a good
approximation and allows us to partially explore the effect of maternal ageing on calf survival.

4.3.4 External explanatory variables
We modelled the effect of climatic fluctuations on calf survival. Reproduction in
dolphins is particularly sensitive to environmental changes (Ward et al. 2009a). ENSO
determines climate anomalies that affect rainfall and sea surface temperature (SST) (Sohn et
al. 2016) that can affect neonate survival due to the limited thermal tolerance of calves (Mann
et al. 2000; Currey et al. 2009; Henderson 2013). ENSO cycles consist of three phases: La
Niña, El Niño, and Neutral. We assigned ENSO phases based on the monthly Southern
Oscillation Index (SOI) as in Sprogis et al. (2018b). We obtained SOI monthly values from the

69

Bureau of Meteorology and averaged the values across the year of birth for each calf, assigning
an ENSO event to each year from 2007-2016 (events assigned as in Appendix A).

We also modelled the effect of location on calf survival. Bottlenose dolphins in
Bunbury are exposed to various sources of human activities (other than provisioning),
including recreational and commercial vessels (Jensen et al. 2012). Different locations within
the study area have varying levels of anthropogenic disturbance (lower in open waters and
higher in sheltered waters, Figure 4.1) (Symons pers. comm.) and shark predation risk (Sprogis
et al. 2018c). We assigned location based on where individual females were primarily sighted
(> 50% of sightings), considering Koombana Bay, the Leschenault Estuary and the Leschenault
Inlet as “inner waters” and the coastal and open waters along Busselton, Buffalo beach and
Back Beach as “outer waters” (Figure 4.1).

4.3.5 Analyses
We compared the mean reproductive success of provisioned and non-provisioned
females (n= 55) using Bayes factor. We then used generalized linear models (GLMs) to further
determine the influence of food-provisioning, begging and location (habitat type) on female
reproductive success. We further used GLMs to explore the influence of maternal
characteristics (provisioned and begging status), birth order and environmental variables
(habitat type and ENSO phase) on calf survival. Models were constructed by selecting
explanatory variables based on biological meaning. Collinearity among explanatory variables
was tested by calculating the variation inflation factor (VIF) for continuous variables using the
package car in R v3.4.2 software (R Core Team 2017). We used Akaike’s Information Criterion
(AIC) for model selection favouring the model with the lowest AIC (Burnham & Anderson
2004). We also provided BIC value50 and interpreted as further support to the best fitting model
when AIC and BIC were in accordance. In the case when AIC and BIC were discordant in
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choosing the best fitting model, we interpreted as a sign of greater uncertainty. We also
calculated Akaike weights to give a measure of strength of each model. Model residuals were
visually examined to ensure lack of patterns (due to unexplained variance or violation of
independence) (Zuur et al. 2009), whereas leverage and Cook’s distance were calculated to
identify influential data points and outliers. All the analyses were run in R v3.4.2 software (R
Core Team 2017).

4.3.6 Female reproductive success
The Bayes factor computes the probability of a hypothesis being true conditionally on
the empirical data and based on some prior distribution over the parameters, given the formula
(Rouder et al. 2009).

Pr (H1+data-

Pr (H0+data-

/(data+H1-

01(34)

= /(data+H0- x 01(36)

where Pr(H1)/Pr(H0) are the prior distribution while the ratio of probability of the two
hypotheses f (data|H1)/f (data|H0) is the Bayes factor (Jeffreys 1961), that could be directly
interpreted as evidence in support of a hypothesis given the data (Rouder et al. 2009). In our
case H1 corresponded to the hypothesis of a true difference in the mean reproductive success
of provisioned and non-provisioned females, while H0 indicated the null hypothesis of no
difference between the two means, given the data. The analyses were run using the package
Bayes factor (Morey et al. 2015) in R. This package assumes normal distribution (Gaussian)
of the response variable (aka reproductive success) and uses a non-informative Jeffreys prior
on the variance (mean= 0, scale = sqrt(2)/2) and a Cauchy prior (mean= 0, scale = 2.5) on the
standardized effect size as suggested for routine use in Rouder et al. (2009). For Bayes factor
interpretation, we referred to the scale provided in Rouder et al. (2009) and based on Jeffreys
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H. (1961): odds > 3 are considered “some evidence,” odds > 10 are considered “strong
evidence,” and odds > 30 are considered “very strong evidence” for one of the hypothesis
(Rouder et al. 2009). To ensure robustness of our results, we randomly selected eight nonprovisioned females and used Bayes factor to compare their reproductive success with the rest
of the dataset (including provisioned females, ntotal= 63). We then bootstrapped our results
1,000 times and compared the mean Bayes factor, obtained from the bootstrap, with the
observed (all non-provisioned females vs. provisioned females) Bayes factor. We expected the
randomly selected non-provisioned females to not differ significantly (odds~0) from the rest
of the data set, whereas we expected the provisioned females to differ significantly from the
non-provisioned females (odds>3).

To explore other factors that could influence female reproductive success, we
developed GLMs of the number of weaned calves (response variable) using a Poisson
distribution and a log link (count data). The number of years of reproduction was included as
an offset of the model. Using the offset to control for the number of years of reproduction gives
an estimated reproductive success comparable to our calculated ones, thus we used the same
terminology. Explanatory variables included: provisioning and begging status (coded as
binomial variables), the number of provisioning events, the number of begging events and the
location (sheltered versus open waters). There was no collinearity among explanatory variables
(VIF values < 3). A backward stepwise procedure was used to sequentially remove variables
and interactions between variables from the full model based on their biological significance.
Overdispersion was tested by dividing the squared value of the Pearson’s residuals by the total
number of observations minus the number of coefficients estimated by the model. Correction
for overdispersion was not necessary.
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4.3.7 Calf survival
Two sets of GLMs were developed to explore the effect of external and maternal
variables on calf survival to years one and three (weaning age) respectively. Calf survival was
modelled as a Bernoulli response variable (yes or no). Explanatory variables included: mother
provisioning status (binary) and begging status (binary), preferred location (inner versus outer
waters), ENSO phases in the year of birth of the calf (assigned as La Niña, El Niño and Neutral
based on averaged SOI value for the year) and whether the calf was the earliest recorded born
(binary). In regards to begging status, this was assigned regardless of the time of the first
recorded begging event, assuming that a female who displayed begging behaviour in the data
collection period (2007-2016) was already familiar with it. We were not able to include
maternal age as a predictor of calf survival due to lack of data. Instead, we used two different
approaches to try to account for maternal age. First, we included birth order as a predictor
assuming that earlier calves would have younger mothers. Second, we modelled the very same
response and explanatory variables in generalized mixed effect model (GLMM) using the years
of reproduction available per female as a random effect controlling for the fact that older
females would have more years of reproduction. Please note that we have no information on
the birth or fate of calves born to provisioned females prior to them being provisioned.
Explanatory variables did not show collinearity (VIF values < 3)
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4.4

Results

4.4.1 Effect of food-provisioning on female reproductive success
We calculated the reproductive success of 63 females, eight of which had been or were
currently being provisioned by the DDC. The maximum number of weaned calves per female
was four (median= 1; SD = 0.89) and the median number of weaned calves was 2 (SD = 0.47).
The Bayes factor analyses provided some evidence in favour of the hypothesis of a true
difference in reproductive success between provisioned and non-provisioned females with the
former ones having, on average, a lower reproductive success (Bayes factor = 6.2; Figure 4.2).
As expected, the bootstrapped mean Bayes factor, which compared eight randomly selected
non-provisioned females with the rest of the females, was considerably lower (Bayes factor=
0.6) than the one obtained from the comparison of “true” provisioned vs non-provisioned
females. This gives further support to a true difference between provisioned and nonprovisioned females, as opposed to by chance, despite the low threshold used for defining
provisioned females and the low sample size. In our analyses of reproductive success, AIC and
BIC values both indicated the model with only provisioning as explanatory variable as the best
fitting (model 1 in Table 4.2), with food-provisioned females having lower reproductive
success than their non-provisioned counterparts (Wald= -1.703; p = 0.0886). Non-provisioned
females had double the reproductive success (0.20, CI: 0.18-0.23, weaned calves per year of
reproduction) of provisioned females (0.11, CI: 0.06-0.17, weaned calves per year of
reproduction).
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Figure 4.2 Boxplot of the reproductive success of non-provisioned (n= 55) and provisioned
(n= 8) females. Female reproductive success was calculated as a rate based on the number of
weaned calves in relation to the number of years in which a female was reproductively active.
The solid black lines represent the median values while the lower and upper end of each box
represent the lower and upper 75% quantiles, respectively. The whiskers (dotted lines)
represent the range of the data
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The model including provisioning events (number of times that a female was
provisioned by the DDC) scored an AIC value of < 2 from the most parsimonious model (model
2 in Table 4.2). A difference in AIC and/or BIC values of < 2 is generally interpreted as equal
support for the two models (Burnham & Anderson 2004), thus the frequency of provisioning
might also have an effect on females’ reproductive success (Wald = -1.069; p = 0.285).
However, Akaike’s weight for model 1 is considerably higher (wi = 0.44, Table 4.2) than for
model 2 (wi =0.17, Table 4.2), suggesting that provisioning frequency is less influential on
reproductive success than provisioning status. Our data also show a slight correlation between
provisioning events (the number of times a female was provisioned) and the number of begging
events recorded (F1,29= 3.64, p = 0.06), however begging per se did not significantly affect
reproductive success (Wald = -0.32, p = 0.749) and the model containing begging as
explanatory variable explained minimal deviance within our data (model 6 in Table 4.2).
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Table 4.2 Model selection results of GLMs of female reproductive success (RS) as a function of preferred location (sheltered vs open waters),
provisioning status, begging status and the number of times a female was provisioned (provision events) and observed begging (begging events).
The offset represents the number of years for which reproduction data were available, calculated from the birth year of the first known calf of
each female. Models are listed from null to full model. AIC and BIC values are provided with ∆AIC and ∆BIC (difference in AIC and BIC values
compared to the most parsimonious model) (number 7, highlighted in bold). wi = Akaike weight values are provided.
Model

Variables

AIC

∆AIC

wi

BIC

∆BIC

d.f.

1

RS ~ 1

168.98

11.36

0.00

171.12

9.22

62

2

RS ~ provisioning + offset

157.61

0.00

0.44

161.90

0.00

61

3

RS ~ begging + offset

160.83

3.21

0.08

165.11

3.21

61

4

RS ~location + offset

160.49

2.88

0.10

164.78

2.88

61

5

RS ~ provision events + offset

159.48

1.87

0.17

163.77

1.87

61

6

RS ~ begging events + offset

160.36

2.74

0.11

164.64

2.74

61

7

RS ~provisioning + provision events + offset

159.61

1.99

0.05

166.08

4.14

60

8

RS ~provisioning*provision events + offset

167.03

9.41

0.00

182.03

20.13

56

9

RS ~ begging + begging events + offset

162.34

4.72

0.01

168.77

6.87

60

10

RS ~ begging * begging events + offset

164.01

6.39

0.00

172.58

10.68

59

11

RS ~ provisioning + provision events + begging + begging events + offset

163.19

5.58

0.00

173.91

12.01

58

12

RS ~ provisioning + provision events + begging + begging events +location + offset

165.13

7.52

0.00

177.99

16.09

57
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4.4.2 Effect of food-provisioning on calf survival
Our dataset comprised of a total of 152 calves born between 1996 and 2015 to 68
mothers, however sufficient data on calf survival histories were available for only 145 calves
born to 63 mothers. Of these, 85% (N= 123) survived their first year and 77% (85 out of 129
of know-fate calves) were successfully weaned. However, only 38% of the calves born to
provisioned mothers (N= 11 of 29 of known fate) survived to three years of age. Generalized
mixed effect models revealed low variance (s2 = 0.05) associated with the random effect, years
of reproduction, meaning that maternal age might not be a source of variance in calf survival.
According to the best fitting model, containing both provisioning and birth order as a predictor,
calves of provisioned females had a lower survival rate to weaning age and earlier born calves
had a slightly higher survival rate than subsequent offspring (model 1 in Table 4.3). However,
the model containing only provisioning status as predictor, had equal support of the most
parsimonious one (difference in AIC values < 2). The best fitting model according to BIC
included only provisioning as explanatory variable (model 2 in Table 4.3) confirming the
influence of provisioning on calf survival. None of the external variables considered (ENSO
phases and location) were included in the most parsimonious models (Table 4.3). The results
from analyses of first year survival mirrored the ones of survival to weaning age in highlighting
the influence of provisioning on calf survival but the signal was not as strong with 7 models,
including the full and the null model, within 2 points of AIC (models 1 to 7 in Table 4.4). The
absolute best fitting model according to AIC included both provisioning and year of birth
(model 1 in Table 4.4) however the small difference in AIC values across models suggests that
other predictors, including environmental variables, might be influential in determining first
year survival of the calves
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Table 4.3 Model selection results of GLMs where calf survival to year three (weaning age) is modelled in relation to their preferred location
(sheltered vs open waters), the provisioning and begging status of the mother, the birth order (whether the calf was the first born or not) and
ENSO events during the year of birth (La Niña, El Niño, Neutral). Models are listed from null to full model. AIC and BIC values are provided
alongside with ∆AIC and ∆BIC (difference in AIC and BIC values compared to the most parsimonious model) (number10, highlighted in bold).
wi = Akaike weight values are provided.
Model

Variables

AIC

∆AIC

wi

BIC

∆BIC

d.f.

1

weaned ~ 1

144.65

7.41

0.01

147.36

4.02

110

2

weaned ~location

145.03

7.79

0.00

150.45

7.12

109

3

weaned ~ ENSO

146.08

8.84

0.00

154.21

10.87

108

4

weaned ~ provisioning

137.91

0.67

0.33

143.33

0.00

109

5

weaned ~ begging

145.44

8.19

0.00

150.86

7.52

109

6

weaned ~ ENSO + location

147.55

10.31

0.00

158.39

15.05

107

7

weaned ~ ENSO + provisioning

140.78

3.54

0.07

151.62

8.28

107

8

weaned ~ ENSO + begging

147.48

10.24

0.00

158.32

14.98

107

9

weaned ~ birth order

141.10

3.86

0.06

146.52

3.18

109

10

weaned ~ birth order + provisioning

137.24

0.00

0.46

145.37

2.03

108

11

weaned ~ birth order + provisioning + location + ENSO + begging

143.59

6.35

0.01

162.56

19.22

104
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Table 4.4 Model selection results of GLMs where newborn survival in the first year of life (S) is modelled in relation to their preferred location
(sheltered vs open waters), the provisioning and begging status of the mother, the birth order (whether the calf was the first born or not)and ENSO
events during the year of birth (La Niña, El Niño, Neutral). Models are listed from null to full model. AIC and BIC values are provided alongside
with ∆AIC and ∆BIC (difference in AIC and BIC values compared to the most parsimonious model) (number 10, highlighted in bold). wi = Akaike
weight values are provided
Model
1

S~1

Variables

AIC
115.90

∆AIC
2.11

wi
0.06

BIC
118.74

∆BIC
0.00

d.f.
126

2

S ~location

115.44

1.65

0.07

121.13

2.38

125

3

S ~ ENSO

115.01

1.22

0.09

123.55

4.80

124

4

S ~ provisioning

114.09

0.30

0.14

119.78

1.03

125

5

S ~ begging

117.89

4.10

0.02

123.58

4.83

125

6

S ~ ENSO + location

116.28

2.49

0.04

127.66

8.91

123

7

S ~ ENSO + provisioning

114.40

0.61

0.12

125.78

7.03

123

8

S ~ ENSO + begging

116.81

3.02

0.03

128.19

9.44

123

9

S ~ birth order

114.26

0.47

0.13

119.95

1.20

125

10

S~ birth order + provisioning

113.79

0.00

0.17

122.32

3.57

124

11

S ~ birth order + provisioning + location + ENSO + begging

115.50

1.71

0.07

135.41

16.66

120
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4.5

Discussion

Population viability in long-lived species is determined by survival and reproductive
rate (Manlik et al. 2016). In Bunbury, studies suggests that the local dolphin population is
particularly sensitive to disruption of female reproductive output and the population is
forecasted to decline in abundance at the current level of reproductive output (Manlik et al.
2016). The study conducted by Manlik et al. (2016) defined reproductive rate as the ratio
between the number of reproductive females and the total number of adult females over a threeyear period and thus assumed equal female reproductive success within the population.
However, our data showed that provisioned females have a lower reproductive success
compared to non-provisioned females. After accounting for the number of years of
reproduction in the two groups, provisioned and non-provisioned females produced similar
number of calves (mean= 3.1 and 2.9 respectively) but, on average, a provisioned female
weaned half as many calves as a non-provisioned female. Other factors that could influence
individual reproductive success, such as the location (inner vs outer waters) and begging
behaviour (reflecting a limited wariness towards vessels), were not found to be significant in
our analyses.

We found that the first-year calf survival rate for the entire population, provisioned and
non-provisioned included, (85%) was consistent with those calculated for other populations
(76% in Monkey Mia, WA (Mann et al. 2000), 86% in Mikura Island, Japan (Kogi et al. 2004),
81% in Sarasota, FL (Wells & Scott 1990) and 86% in Doubtful Sound, NZ, from 1994 to 1999
(Currey et al. 2009)). Pre-weaning mortality (age < 3 years) rate (ntotal-ndeceased) of calves of
non-provisioned females (26%) was also similar to other populations (17% in the North Sea Robinson et al. 2017; 20% in Fjordland, NZ - Haase & Schneider 2001) and much lower than
that reported for dolphins in Shark Bay, WA (40-46%, Mann et al. 2000). However, when
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considering only calves of provisioned females, pre-weaning mortality rate increased to 61%,
similar to Monkey Mia in 1994 (62%Mann et al. 2000) pre-provisioning protocol. In Monkey
Mia, the dolphin feeding program has been monitored by researchers since 1984 and a review
of the practice in 1994 revealed the considerably lower reproductive success of provisioned
females compared to their non-provisioned counterparts (Mann et al. 2000). Following these
results, the governmental agency responsible for the provisioning program (currently the
Department of Biodiversity, Conservation and Attractions) took decisive management actions
restricting the daily amount of fish fed to the dolphins, limiting the time spent at the feeding
area and the number of individuals fed (Mann et al. 2018). The provisioning protocol in
Bunbury is based on the new management strategy adopted in Monkey Mia and has further
restrictive guidelines in terms of the maximum daily amount of fish that can be provisioned to
individual dolphins. Yet, our results show a lower reproductive success and calf survival of
provisioned females comparable to the calf mortality recorded in Monkey Mia before the
government intervention.

Maternal characteristics other than provisioning status, such as age, experience and
behaviour are known to influence calf survival. A recent article by Karniski et al. (2018)
highlighted a linear correlation between calf survival and maternal age, with younger mothers
producing more successful calves. Our data did not allow for a comprehensive analysis of
reproductive senescence since estimates of females’ age were not always known. However, we
explored whether the first recorded calves had a different survival probability than subsequent
offspring assuming that birth order reflect maternal age (Karniski et al. 2018) (the earlier the
calf, the younger the mother). Our results show that first recorded calves had a higher survival
probability than subsequent offspring, however the support for this predictor was weak. Similar
results have been found in Shark Bay (Karniski et al. 2018) while other studies found that
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calves from oldest mothers have higher probabilities of survival however birth order was not
influential (Ward et al. 2009b Wells, R.S. 2000). However, data on birth order relied on citizen
science data and we cannot exclude that calf births might have been misreported by the DDC
and that individuals that reside within the inner waters of Koombana Bay and the Leischenault
Estuary might have been more frequently sighted by the DDC compared to others individuals.
Thus, the influence of birth order on calf survival should be interpreted cautiously in our study.

The strong bond between bottlenose dolphin mothers and calves implies that maternal
behaviour is likely to influence calf survival. In Sarasota, Florida, common bottlenose dolphins
that engage in begging behaviour are at higher risk of boat strikes, propeller cut injuries and
fishing gear entanglements (Christiansen et al. 2016b). Based on this, a begging mother in
Bunbury might put her calf at greater risk of injuries, therefore, we also explored whether a
mother’s behaviour towards vessels might influence her calf survival. We found a correlation
between provisioning and begging events suggesting that females that were frequently
provisioned by the DDC were also observed to beg around boats more often. Calves from
provisioned animals are particularly vulnerable to adopt such a behaviour due to strong vertical
transmission of foraging techniques (Sargeant & Mann 2009; Foroughirad & Mann 2013).
While a direct causal link between begging and provisioning cannot be made, our data suggests
that calves of provisioned animals are more likely to approach boats and perform begging
behaviour (Senigaglia, unpublished data), that in turn may affect injury risk and survival
(Christiansen et al. 2016b). Good maternal skills could also be acquired, either transmitted
from mother to daughter or learnt socially from more experienced female companions (Mann
& Smuts 1998). However, social network and social behaviour comparisons of provisioned vs
non-provisioned animals were outside of the scope of this study but should be addressed in
future research.
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Calf survival can also be influenced by the surrounding environment (Mann et al. 2000;
Robinson et al. 2017). Neonates have limited thermal tolerance and considerable reductions in
SST can decrease the ability of a calf to survive to weaning age (Currey et al. 2009; Henderson
2013). Extreme climate fluctuations such as ENSO events can cause variations in sea surface
temperature (SST) such that can affect calf body condition (Currey et al. 2009). Moreover,
environmental fluctuations can affect prey availability which, in turn, might affect female’s
energetic budget during lactation and hinder her ability to raise a healthy calf (Kastelein et al.
2002; Christiansen et al. 2016a). Our results do not support the hypothesis that extreme climatic
fluctuations significantly affect calf survival to weaning age. However, results from the
analyses of survival to 1 year of age revealed greater uncertainty and environmental
characteristics and climatic fluctuations might have an influence on newborn survival (survival
to 1 year of age).

Calf survival and female reproductive success can be affected by predation risk that
could vary among locations (Bejder et al. 2009a). The main predators of bottlenose dolphins
in Bunbury are sharks of various species. Overall, non-lethal predation of sharks affects 18.6%
of non-calves in Bunbury (which is lower than in Shark Bay where 74.2% of non-calves present
evidence of non-lethal shark attack (Sprogis et al. 2018c)) but predation probability varies
among areas with a higher proportion of non-lethal attacks detected in inner waters (Sprogis et
al. 2018c). However, dolphins that share the same home range and habitat use are subjected to
the same level of predation risk. Our results do not show differences in reproductive success
or calf survival to weaning age among locations (inner vs outer waters). It is likely that
predation would greater affect calf survival during the first year of age (for which our results
show a greater degree of uncertainty).
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Anthropogenic disturbance (e.g. boating, shipping, noise, pollution) could also affect
calf survival. In Bunbury, the highest level of recreational boating activities occurs during the
austral summer and autumn, due to a substantial increase in the number of recreational boats
(Symons pers. comm.). This time period coincides with the dolphins’ main calving season
(Smith et al. 2016). Anthropogenic effects could vary across different areas but can be
considered homogeneous among dolphins living in the same area. We attempted to account for
differences in human pressures by incorporating the effects of two type of locations, inner and
outer waters. We assumed a greater impact of anthropogenic disturbance closer to the harbor
and coastal developments located in the inner waters (Hillman et al. 2000; Semeniuk et al.
2000; Hugues-dit-Ciles J., P. Kelsey, B. Marillier, M. Robb, V. Forbes 2012). Our results
showed no effects of location on reproductive success or calf survival, however, the ongoing
expansion of Bunbury waterfront and harbor is a reason for concern. The plan for the harbor
expansion includes the construction of 450 additional boat pens and the redevelopment of the
DDC that will increase tourism activities along with the anthropogenic pressure on this coastal
dolphin population during and after construction works (Landcorp 2013; South West
Development Commission - SWDC 2016; Leunissen & Dawson 2018). In summary, while the
mechanism that links provisioning to reduced reproductive success and calf survival is still
unknown, our data shows a difference in reproductive success between provisioned and nonprovisioned females. We do not exclude that other factors might affect reproductive success
and calf survival, but our data indicates provisioning as the most significant among the
variables explored.
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4.6

Conclusion

Long-term biological effects of nature-based tourism on cetaceans have been suggested
in several studies (Lusseau 2004, 2006; New et al. 2013), however empirical evidence has been
limited due to the lack of available long-term datasets (Bejder et al. 2006b, 2009a). By
capitalizing on a decade of systematic data collection, we documented the difference in female
dolphin reproductive success and calf survival between females targeted by a nature-based
tourism activity (food-provisioning) and non-provisioned females. The provisioning program
at the DDC is state licensed under conditions that aim to minimize long-term impacts.
Additionally, the DDC has developed self-regulatory measures to ensure sustainability of the
provisioning practice, based on the revised feeding protocols adopted in Monkey Mia. Yet,
despite the self-regulations in place, our results show that calves of provisioned females have
an unusually high mortality rate, similarly to the calf survival of provisioned females in
Monkey Mia before the management interventions. Since calves that die before weaning are a
missed recruit for the population, our results show that dolphin-focused tourism, in this case
limited to food-provisioning, has the potential to worsen the forecast made by Manlik et al.
(2016) and exacerbate the risk for this population to decline. Future studies should focus on
understanding the mechanism that ultimately led to a decreased reproductive success of
provisioned females (e.g. reduced maternal care or differences in behavioural budgets between
provisioned and non-provisioned dolphins). A good understanding of the mechanistic process
will aid in determining the most suitable management actions to reduce the impact and
minimize the effect on the socio-economic side of eco-tourism. In turn, this will ensure a
sustainable nature-based-tourism industry that will benefit both the dolphin population and the
local economy that relies on dolphins as the main tourist attraction.
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Chapter 5

Linking short-term behavioural changes with long-term fitness
costs of food-provisioning wild dolphins

Eclipse
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5

Linking short-term behavioural changes with long-term fitness costs of
food-provisioning wild dolphins

5.1

Abstract

Food-provisioning to promote wildlife tourism can negatively impact the targeted
species. Repeated behavioural disruptions has the potential to reduce individual vital rates and
lead to population-level consequences. In Bunbury, Western Australia, food-provisioned
female bottlenose dolphins (Tursiops aduncus) have reduced reproductive success via lower
calf survival. However, the proximal causes for this long-term negative effect remains
unknown. We investigated the short-term behavioural effects of food-provisioning to
understand the process leading to the fitness costs of this human activity. We found significant
differences in the behavioural budgets of provisioned adult female dolphins and their calves
compared to non-provisioned dolphins. Although provisioning does not seem to alter maternal
care (i.e. nursing behaviour), calves of provisioned females spent significantly less time
socializing. Further, provisioned dolphins travelled in significantly smaller groups, and social
network analyses showed that provisioned females were more densely connected and
associated more loosely with other individuals. Our findings suggest that provisioned dolphins,
in particular calves of provisioned females, experienced a modified social environment due to
the more solitary social life imposed by food-provisioning and the associated begging
behaviour. We suggest that disturbances in behavioural budgets and social life can decrease
the opportunities for calves to acquire fitness-enhancing skills and social bonds that, in turn,
might diminish their survival. Our study highlights the need to incorporate sociality metrics for
social animals in assessing the impact of human activities.
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5.2

Introduction

Wildlife tourism is a globally growing industry (O’Connor et al. 2009a; CisnerosMontemayor et al. 2010). Wildlife tourism can contribute to conservation, poverty alleviation
and improve human wellbeing (Brightsmith 2008; Russel et al. 2013) and has been commonly
seen as a less impactful, alternative solution to lethal exploitation (i.e. hunting) of animals
(Tisdell and Wilson, 2002; Cisneros-Montemayor et al. 2010). However, wildlife tourism can
have similar long-term negative effects as consumptive exploitation (Higham et al. 2016).
Prolonged exposure to tourism activities can disrupt individual physiology and behaviour and
result in long-term, population-level consequences such as increased mortality and reduced
fitness (Lusseau 2004; Bejder et al. 2006b; Pirotta et al. 2018). Understanding the mechanistic
links between short-term responses to human activities and long-term fitness consequences is
necessary to ensure animal population viability (Christiansen et al. 2015; Pirotta et al. 2018).
Tourism-induced behavioural effects can carry energetic costs for the targeted species (New et
al. 2013, 2014; Huveneers et al. 2018). For example, animals that spend less time foraging and
more time traveling will experience a reduction in energy intake and an increase in energy
expenditure. If frequent enough, such an energetic imbalance can lower an individual’s vital
rates (survival and reproduction success) (Williams et al. 2006). Moreover, tourism activities
can reduce the energy females invest in gestation, lactation and reproduction (Pirotta et al.
2015a; Villegas-Amtmann et al. 2015), and affect the quantity and quality of maternal care
provided after birth (Foroughirad & Mann 2013).
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Tourism can also disrupt grouping behaviour and the social environment of animals
with far reaching consequences on individual fitness (Muller et al. 2019). Group living
provides a plethora of benefits (e.g. increased protection from predators, cooperative foraging,
reduced male harassment (Chapman & Valenta 2015), with group size often directly
correlating to offspring survival (Bejder et al. 2006a; Silk 2007; Smith et al. 2016). The quality
and quantity of the interactions among individuals, which characterise and shape their social
structures, play a key role in many aspects of population ecology (Kappeler & Schaik 2002).
The importance of social structure in the viability of a population has been established in
cetacean, ungulates, elephantidae and primates (Cameron et al. 2009; Frère et al. 2010; Silk et
al. 2010; Lahdenperä et al. 2016). Social structure can influence a population’s genetic makeup, how diseases spread and how animals exploit their environment (Lusseau et al. 2006b).
Moreover, societies provide an ideal setting for social learning and development of groupspecific behaviours (Kavaliers & Choleris 2001; Laundre et al. 2010).

In animal societies characterised by cultural and vertical transmission, intra-population
differences based on group membership can lead to heterogeneous individual fitness
(Whitehead & Rendell 2004; Lahdenperä et al. 2016). In sperm whales (Physeter
macrocephalus), for instance, some clans have higher foraging success than others (Cantor &
Whitehead 2015). The individual’s position within the social network has also been linked to
benefits beyond the ones resulting from group living (Lusseau 2007; Muller et al. 2019). Male
killer whales (Orcinus orca) that are more central within a social network have a lower
mortality rate than socially peripheral males (Ellis et al. 2017). Similarly, female sociality (e.g.
number of associates, strength of their relationships) in female feral horses (Equus caballus),
wild baboons (Papio cynocephalus) and Indo-Pacific bottlenose dolphins (Tursiops aduncus)
positively influences calf survival (Cameron et al. 2009; Frère et al. 2010; Silk et al. 2010). In
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bottlenose dolphins (Tursiops sp.) the mother’s social environment also provides the
foundation for calves to develop their social bonds during infancy (Stanton & Mann 2012),
which promote learning of fitness-enhancing social skills, as well as foraging skills (Kopps &
Sherwin 2012; Wild et al. 2019). Tourism activities can affect animal social environments by
decreasing the time dedicated to socializing and promoting more solitary foraging techniques
(Powell & Wells 2011; Kovacs et al. 2017). Moreover, tourism can disrupt animals’ social
networks (Lusseau & Newman 2004; Muller et al. 2019) and lead to a cascading effect that, in
turn, might impact the viability of the population (Williams & Lusseau 2006). For these
reasons, there is a need to include sociality in assessing tourism impact and developing
management and conservation plans (Williams & Lusseau 2006; Smith et al. 2016).

Some wildlife tourism relies on food-provisioning to promote reliable, close-up
encounters with animals (Samuels et al. 2000; Orams 2002; Mann et al. 2018). In some
instances, food-provisioning can positively affect populations, by increasing the body
condition and vital rates of individuals in food deprived populations (Dubois & Fraser 2013).
However, such practice, in particular when conducted for tourism purposes, often affects the
target population negatively, either directly or indirectly. Direct effects of food-provisioning
include, for instance, development of nutritional health problems from ingestion of
inappropriate food (Orams 2002; Chapman & Jones 2009) and higher risk of diseases spreading
at feeding stations because of the higher densities of individuals (Orams 2002; Miller et al.
2003). Short-term indirect effects include changes in habitat use (Milazzo et al. 2006;
Wrangham et al. 2008; Cozzi et al. 2016), disruption of behavioural budgets (Bejder & Samuels
2002; Hodgson et al. 2004; Fitzpatrick et al. 2011; Brunnschweiler et al. 2014), increased interand intra-specific aggression (Burns & Howard 2003; Smith et al. 2008; Clua et al. 2010; Alves
et al. 2013) and development of maladaptive behaviour such as “begging” for food hand-outs
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and loss of wariness towards human (Donaldson et al. 2010; Powell & Wells 2011). Foodprovisioning can also have long-term consequences on survival and reproductive success,
through reduced maternal care (Foroughirad & Mann 2013; Christiansen et al. 2016b). There
is increasing concern over the negative effects of food-provisioning on cetaceans (Christiansen
et al. 2016b). For instance, food-provisioning of Indo-Pacific bottlenose dolphins as part of a
state-licensed program in Monkey Mia, Western Australia, reduced maternal care and
consequently offspring survival (Foroughirad & Mann 2013), and in Sarasota Bay, Florida,
common bottlenose dolphins (Tursiops truncatus), provisioned by recreational boaters, suffer
higher rates of injury and a reduction in survival rates (Powell & Wells 2011; Christiansen et
al. 2016b).

In Bunbury, Western Australia, the Dolphin Discovery Centre (DDC) runs a foodprovision tourism program where Indo-Pacific bottlenose dolphins (10 animals in 2017-2018,
excluding calves) are routinely fed to encourage visitation to the beach. The food-provisioning
program is a state-licensed, regulated activity (details in Chapter 2; Mann et al. 2018) but
provisioned female have lower reproductive success and offspring survival (Chapter 4;
Senigaglia et al. 2019). Only 38% of the calves of provisioned mothers survive to the age of
three years old, whereas the survival rate of calves born to non-provisioned females is as high
as 77% (Chapter 4; Senigaglia et al. 2019). In addition to the licensed food-provisioning, the
dolphin population in Bunbury is subjected to a diverse range of anthropogenic stressors
including commercial dolphin-watching, dolphin swim-with programs, illegal food handouts,
and recreational and commercial boating (Arcangeli & Crosti 2009; Jensen et al. 2012). Given
the current reproductive rate, the Bunbury dolphin population is predicted to decline by 50%
in less than 20 years (Manlik et al. 2016). The lack of genetic influx from neighbouring
populations might suggest a lower resilience of the population to environmental changes and
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human disturbance (Lacy 1997). With the human pressures on this population likely to
increase due to a planned large-scale development projects that will cause habitat modification
and increase on-water activities (South West Development Commission - SWDC 2016, 2018),
understanding the causal link between behavioural disruptions from food-provisioning and
fitness consequences is very important.

Here, we evaluate three possible mechanistic pathways through which foodprovisioning of bottlenose dolphins in Bunbury could lead to the documented long-term
negative effects on female reproductive success. We hypothesise that 1) food-provisioning
modifies the dolphins’ behavioural budget; 2) calves of provisioned females experience
reduced maternal care; and/or 3) provisioned dolphins experience a modified social
environment compared to their non-provisioned counterparts. To test these hypotheses, we
compared the behavioural budget of provisioned and non-provisioned dolphins outside of the
food-provisioning area, and identified the factors that could influence calf foraging behaviour,
the level of maternal care and the quality of their broader social environment.
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5.3

Methods

5.3.1 Study area
Data were collected along the Bunbury coast (33°19′S, 115°38′E), Western Australia
(WA), which is characterised by temperate climate, water depth ranging from <1 m in the
estuary to 24m in the offshore study area. Dolphin abundance and habitat use vary seasonally,
from a minimum of 76 (95% CI 68-85) individuals in the austral winter (June to September) to
a maximum of 185 (95% CI 171–200) in the summer (December to March), corresponding to
the main calving season and highest prey density (McCluskey et al. 2016; Smith et al. 2016;
Sprogis et al. 2016a, 2018a). The food-provisioning of dolphins by the DDC occurs primarily
in the austral summer (November to March) and it is restricted to mornings (8am to 12pm) and
to a daily limit of 500g of fish per provisioned dolphin (Chapter 2; Mann et al. 2018).

5.3.2 Data collection
We carried out individual focal follows (Altmann 1974; Mann 1999) from a small (<5
meters) vessel in Koombana Bay during the austral summer and winter of 2017 and 2018
(Appendix D). We focused effort on 35 well-known dolphins of different sex and age classes,
of which eight were food-provisioned adults and their five calves (n= 13 provisioned)
(Appendix B, Table B.1). We chose non-provisioned individuals to be of comparable age, sex,
home range and reproductive status as the provisioned animals (Appendix B, Table B.1). Data
were collected on only one animal per focal follow and for a minimum of 20 mins to a
maximum of three hours. Along with behavioural data, we also recorded group size (defined
using a 10-meter chain-rule; Mann 1999) and composition (number of adults, juveniles and
calves). When following an individual, we recorded its behavioural state and the number of
boats within 100 m of the animal every 2.5 minutes using instantaneous point-sampling. We
categorised the individuals’ behavioural activity into four mutually exclusive behavioural
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states: foraging, travelling, resting and socializing (definitions in Table 3.1). We also recorded
the occurrence of begging behaviour and any illegal food-provisioning from recreational boat
users (see Table 3.1). When following focal females with calves, we also recorded their
estimated distance (measured in body length) from each other and whether the calf was in
infant position. In infant position, the calf swims underneath and close to the mother’s side,
while touching her abdomen, which offers protection, learning and nursing opportunities
(Foroughirad & Mann 2013). Nursing behaviour was inferred from surfacing position of
mother-calf pairs due to poor water visibility. Finally, we used group-membership data to
investigate the larger social environment of the dolphins using sighting and re-sighting data
available through the South West Marine Research Project (SWMRP), a long-term dedicated
study on the Bunbury bottlenose dolphin population. Data were collected from 2007 to 2016
year-round via systematic boat-based surveys following predetermined transects and covering
an area of ca. 540 km2 (Appendix D). Upon encountering a group of dolphins (all dolphins in
a 100 m radius engaged in the same behavioural state (Sprogis et al. 2016b), the dorsal fins
were photographed for post individual identification. Information on dolphin identity, sex, ageclass, spatial use and foraging ecology were also available through the SWMRP (Smith et al.
2013; McCluskey et al. 2016; Sprogis et al. 2018c; Symons et al. 2018).

5.3.3 Behavioural budget
To compare the behavioural budgets of provisioned and non-provisioned individuals
we used a first-order Markov Chain model to account for the temporal auto-correlation within
the focal follow data (Lusseau 2003; Christiansen et al. 2010). Markov chains quantify the
dependence of sequential behavioural events, with a first-order Markov chain assuming that
each recorded behaviour is dependent only on the immediately preceding one. First, we
organized the data from focal follows into two-way contingency tables of preceding vs.

96

following behavioural states and compared the tables of provisioned and non-provisioned
animals using a chi-square test. From the contingency tables, we calculated the behavioural
transitional probabilities (as in Lusseau 2003) and compared provisioned and non-provisioned
dolphins using a 2-sample test for equality of proportion corrected for continuity (Bas et al.
2017). Finally, we derived the behavioural budgets (the proportion of time an individual spend
in different behavioural states) for provisioned and non-provisioned dolphins from the left
eigenvalue of the contingency tables (Lusseau 2003) and compared them with a chi-square test.

5.3.4 Calf foraging likelihood
One limitation of Markov chain analysis is that it does not account for individual
repeated measurements. To further quantify differences in foraging likelihood across calves,
we developed Generalised Linear Mixed Models (GLMM) to examine differences in the
likelihood to engage in foraging behaviour across calves and in relation to environmental and
demographic factors. The explanatory variables examined included season (winter vs.
summer), time of day, calf age (in months) and the provisioning status (provisioned vs nonprovisioned) of the mother. Given the binomial response variable, presence/absence of
foraging behaviour, we chose a logit link function. We specified an auto-regression structure
with a lag of one to account for temporal autocorrelation within focal follows (Williams et al.
2006) and set focal follows as random effect to account for potential individual effects. We
assessed outliers and collinearity among explanatory variables visually (using scatterplots and
boxplots, respectively) for categorical variables and by calculating the Variation Inflation
Factor (VIF) for continuous variables (Zuur et al. 2009). Data exploration revealed collinearity
between i) season and calf age, ii) group size and provisioning status, and iii) season and time
of day. To account for this, collinear variables were retained in different models. GAMM
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model were also developed however, the relationship between foraging and calf age and time
of day was approximately linear, thus validating our use of GLMM.

5.3.5 Maternal care
We quantified the level of maternal care using as a proxy, the time spent in infant
position (Foroughirad & Mann 2013). We used GLMMs to model the likelihood of a calf being
in infant position (as a binary response variable of presence/absence) relative to its age and its
behavioural state. As in the previous analyses, we specified an auto-regression structure with
a lag of one to account for temporal autocorrelation within focal follows (Williams et al. 2006)
and set focal follows as random effect to account for potential individual effects. Data
exploration revealed collinearity between age and provisioning status and between activity and
provisioning status. To avoid collinearity issues, we examined provisioning status and calf age
in separate models. As calf age could also have a non-linear relationship with the time spent in
infant position, a GAMM model was developed to explore a possible non-linear relationship
between the time spent in infant position and calf age. The addition of calf age as a smooth
term did not improve the fit of the model and thus the GAMM result won’t be discussed further.

For both the foraging likelihood and maternal care models, we initially selected
explanatory variables based on their biological meaning. After building a set of candidate
models, we selected the most parsimonious based on the lowest Akaike’s Information Criteria
(AIC) values. We averaged the models with an AIC difference <2 by using the ‘zero method’
in which the coefficient and variance of a variable is set to zero for those models in which the
variable is not included (Barton 2015). We estimated the relative importance of each variable
as the sum of the respective Akaike weights across all the models containing the variable
(Barton 2015). We validated the selected models through visual examination of model
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residuals plotted against each explanatory variable to assess homogeneity of variance and
normality of residuals. Finally, we plotted the model residuals against dolphin identity to
investigate possible differences among individuals. All the above analyses were conducted in
R version 3.5.0 (R Core Team 2017).

5.3.6 Social environment
We compared the broader social environment of provisioned (N= 10) and nonprovisioned (N= 80) adult females using four social metrics: i) group size, ii) social centrality,
iii) association strength, and iv) association temporal stability. Data from the focal follows were
used to quantify dolphin group size, which is a measure of the immediate number of associates
of an individual and can be positively correlated to female fitness, such as in sperm whales
(Cantor & Whitehead 2015). Data from the SWMRP long-term systematic surveys were used
to estimate the metrics of ii), iii) and iv). Social analyses were conducted in R using the
packages ‘asnipe’, ‘igraph’, ‘sna’, ‘dabestr’ (Csárdi & Nepusz 2006; Butts 2016; Farine 2018;
Ho et al. 2019), and SocProg for Matlab (Whitehead 2009).

We calculated i) mean group size using the actual data and compared it between
provisioned and non-provisioned dolphins based on 5,000 bootstrap replicates of the observed
data to calculate a 95% confidence interval, using the percentile method (Ho et al. 2019). We
quantified the proportion of time individual dolphins were sighted in the same group (dyadic
association), using the Simple Ratio Index (SRI), calculated by dividing the number of
sampling periods in which individuals A and B were associated by the number of sampling
periods in which one or both were observed) (Whitehead 2008; Hoppitt & Farine 2018). To
ensure precision of the indices and to avoid spurious associations, we included only adults that
had been sighted on > 10 occasions (N= 235 non-provisioned dolphins). To ensure
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independence of samples, we only considered groups sighted more than two hours apart (Wild
et al. 2019). To estimate how strongly associated individuals were, we calculated ii) the
weighted degree as the sum of its association indices, also called strength (Farine & Whitehead
2015). To estimate how densely connected the social environment of an individual was, we
used the social network to calculate ii) eigenvector centrality, which is defined as the sum of
the centralities of its immediate associates and represents a measure of “popularity” of an
individual within the network (Farine & Whitehead 2015). Central individuals have many
associates and/or are associated with individuals that have many associates. Finally, we
compared the iv) temporal stability of associations among provisioned and non-provisioned
females by calculating the standardized lagged association rate (SLAR) (Cantor & Whitehead
2015).

We compared the different social metrics (i, ii and iii) between provisioned and nonprovisioned females, using two randomization approaches. First, we compared the effect size—
the difference in the mean social metrics between provisioned and non-provisioned
individuals—based on 5,000 bootstrap replicates of the observed data (Ho et al. 2019). We
then used linear models (LM) to evaluate individual eigenvector centrality and weighted degree
as functions of provisioning status (Farine & Whitehead 2015). Since these social network
metrics can be influenced by the number of times individual dolphins were observed
(Whitehead 2008), we included the number of observations as an explanatory variable in the
linear models. We then used a null model approach to compare observed values to random
generated ones (Farine 2017). We generated a random network by swapping edges
(associations between individuals) while maintaining the frequency of individual sightings
(aka number of observations) and group sizes as in the observed network. To avoid potential
association biases due to seasonal demographical changes, we restricted the permutations
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among groups observed within one month, during which the population was considered closed
(Smith et al. 2013). To account for spatial overlap, we created an ad-hoc grid with cells of
various dimensions based on the previous knowledge of dolphins habitat use (Sprogis et al.
2018a) and we incorporated it in our null model. We then re-ran the linear models with this
new set of affiliations and repeated the process for 1,000 permutations. To test whether the
provisioning status of the dolphins influenced their network metrics, we compared the slope of
the linear model fitted to the observed data with the benchmark distribution of slopes generated
by the models with randomized association data. The provisioning status was considered to
have a significant influence on the social metric when the slope of the model fitted to the
observed data was outside of the 95% confidence intervals of the benchmark distribution
(Farine & Whitehead 2015).

The standardized lagged association rate (iv) (Cantor & Whitehead 2015), gives the
average probability of two individuals observed together at a given time to re-associate after
increasingly longer time lags. We fitted four exponential decay models to the SLAR
probabilities of provisioned and non-provisioned dolphins to indicate different relationships
between associations and time: 1) no decay (permanent associations); 2) decay down to zero
(associations diminishing over time down to zero); 3) decay and levelling off (long-lasting plus
temporary associations); and 4) two decays down to zero (two levels of disassociation, at
shorter and longer time lags) (Whitehead 2009). We selected the most parsimonious models
based on quasi-Akaike Information Criterion (QAIC) to account for overdispersion within the
association data.
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5.4

Results

Our focal follow dataset encompassed almost 180 hours of follows of 8 adult
provisioned dolphins (and their 5 calves) and 14 non-provisioned adults (and their 8 calves).
82 hrs were collected during winter and 97 hrs during summer across the two years (Appendix
B, Table B.1). During focal follows we recorded a total of 659 begging events performed by 8
dolphins, out of the 19 followed. Only provisioned animals were recorded begging, with a
mean frequency of 1 beg event every 5 min (roughly 4.49 begs per hour). The three individuals
that were most often recorded begging were one of the oldest provisioned females (SHN) and
her two offspring (Appendix B; Table B.1). In comparison, during the 9 years of systematic
surveys, only 108 begging events were recorded opportunistically (Appendix B, Table B.2).
Our dataset comprises of a total of 3,952 behavioural transitions for adults (provisioned: 2,112;
non-provisioned: 1,840) and 1,239 behavioural transitions for calves (provisioned: 692; nonprovisioned: 547).

5.4.1 Behavioural budget
The Markov Chain analysis revealed no significant difference in the behavioural
transitional probabilities between provisioned and non-provisioned adults (Figure 5.1A).
However, there was a significant difference in behavioural budgets (X2 = 50.03, df= 9, p <
0.001, Figure 5.1) with provisioned adults socialising significantly less (X2 = 12.44, df= 1, p <
0.001) than non-provisioned dolphins (Figure 5.1A). Calves of provisioned mothers were less
likely to transition from resting to socializing behaviour (X2 = 9.55, df= 1, p= 0.002; Figure
5.1B) and spent significantly more time foraging (X2 = 36.04, df= 1, p< 0.001) and less
socialising (X2 = 25.84, df= 1, p< 0.001) compared to calves of non-provisioned females
(Figure 5.1B).
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Figure 5.1 Effect of food-provisioning on the behavioural budget of adult and calf dolphins.
(A) Dolphin activity budgets representing the proportion of time dolphins spent in each of the
four behavioural states. Whiskers represent 95% confidence intervals. (B) Difference in
transition probability between behavioural states between provisioned and non-provisioned
animals. Negative values mean the transition probability of non-provisioned dolphins was
higher than the provisioned ones. Shading corresponds to the succeeding behavioural state. In
all plots, significant differences (p<0.05) are indicated by asterisks
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5.4.2 Foraging likelihood
The model with season as sole predictor had the lowest AIC value (Table 5.1).
However, four other models, including the intercept only model, also had a good support with
an AIC score< 2 points from the best-fit model (Table 5.1). Thus, we averaged these models
to obtain parameter estimates and standard errors (Barton 2015). Results from model averaging
showed that none of the explanatory variables were significant. In the averaged models, season
was the most influential predictor of foraging likelihood (relative variable importance= 0.39)
with calves spending more time foraging during winter. Provisioning status was also partially
important (relative importance=0.29) with calves from provisioned mothers more likely to
forage compared to their non-provisioned counterparts (Appendix B, Table B.3a). The relative
importance of time of day (=0.24) is likely related to the effect of season as these variables
were collinear. However, the validity of calculating the variable’s importance through sum of
weights is still debated in the literature, thus we should interpret these values with caution
(Galipaud et al. 2014; Giam & Olden, 2016). Overall, it looks like most of the variation in
foraging likelihood is related to inter-individual differences across calves.
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Table 5.1 Results of model selection from Generalised Linear Mixed Models of calf foraging likelihood (F) as a function of calf age (months),
provisioning status (Provision), time of day (Time) and Season, ranked by the lowest Akaike Information Criterion (AIC). (1|Focal follow)
represents the random effect; AR1 indicates the temporal autocorrelation structure of lag 1 within focal follow. AIC and ∆AIC are provided along
with Akaike weight (wi). df indicates the residuals degrees of freedom in the model. Models are ranked from the best to worst-fitting (smallest to
highest AIC value). Number of observations (aka scan samples) N= 1,367.
1

Model
F ~ Season+ (1|Focal follow)+ AR1

AIC
1035.798

∆AIC
0.000

wi
0.222

df
1169

2

F ~ Provision+ Season+ (1|Focal follow)+ AR1

1036.408

0.609

0.163

1168

3

F ~ Provision+ Time+ (1|Focal follow)+ AR1

1036.894

1.097

0.128

1168

4

F ~ Time+ (1|Focal follow)+ AR1

1037.161

1.363

0.112

1169

5

F ~ 1+ (1|Focal follow)+ AR1

1037.675

1.878

0.087

1170

6

F ~ Provision+(1|Focal follow)+ AR1

1038.057

2.259

0.072

1169

7

F ~ Age+ Time+ (1|Focal follow)+ AR1

1038.907

3.109

0.047

1168

8

F ~ Provision*Age+ (1|Focal follow)+ AR1

1038.965

3.167

0.046

1167

9

F ~ Age+ (1|Focal follow)+ AR1

1039.508

3.710

0.035

1169
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5.4.3 Maternal care
The time spent in infant position was best explained by calf age and the female’s
behavioural state, as well as by the interaction between the two (Table 5.2). Time in infant
position decreased as calves aged (z-score=- 2.101; p=0.035). However, time in infant position
increased during resting (z-score=3.111, p=0.001) and travelling bouts for older calves (zscore=2.192, p=0.028; Appendix B, Table B.3b). Moreover, albeit provisioning status was not
selected as an influential variable on the time spent by calves in infant position, during foraging,
calves from provisioned mothers tend to swim significantly further from their mothers than
calves from non-provisioned females (Appendix B, Figure B.5, Table B.4).

Table 5.2 Results of model selection from Generalised Linear Mixed Models of time spent by
calves in the infant position (IP) as a function of calf age (months), mother’s provisioning
status (Provision) and Activity (foraging, travelling, socializing, resting). Models are ranked
by the lowest Akaike Information Criterion (AIC). (1| Focal follow) represents the random
effect, AR1 indicates the temporal autocorrelation structure of lag 1 within sighting. AIC and
∆AIC are provided along with Akaike weight (wi). df indicates the residuals degrees of freedom
in the model. Models are ranked from the best to worst-fitting (smallest to highest AIC value).
Number of observations (aka scan samples) N= 1,179.
1

Model
IP ~ Age*Activity +(1| Focal follow)+ AR1

AIC
1430.69

∆AIC
0.00

wi
0.73

df
1168

2

IP ~ Activity +(1| Focal follow)+ AR1

1433.40

2.70

0.18

1172

3

IP ~ Age + Activity +(1| Focal follow)+ AR1

1435.28

4.58

0.07

1171

4

IP ~Provision+(1| Focal follow)+ AR1

1493.24

62.54

< 0.01

1174

5

IP ~ Age +(1| Focal follow)+ AR1

1498.15

67.45

< 0.01

1174
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5.4.4 Social environment
The mean group size of non-provisioned dolphins (n= 75 follows) was significantly
larger than that of provisioned dolphins (n= 72; Unpaired mean difference= -3.47, 95% CI= 5.78; -1.49; Appendix B, Figure B.7).

The broader dolphin social network off Bunbury (that includes individuals who reside
within the entire study area as opposed to the focal followed individuals who tend to reside
closer to Koombana Bay) was weakly connected (proportion of non-zero SRI = 0.321, mean
SRI= 0.022±0.051 SD). The mean weighted degree (aka the strength of associations between
individuals) of provisioned (7.08 ± 2.25 SD) and non-provisioned females (4.99 ± 2.02 SD)
was not significantly different, given that the slope of the linear model fitted to the observed
data was not different than expected by chance (Figure 5.2A,C; p=0.65). However, a similar
strength can result from having loose associations with many individuals or very strong
relationships with few individuals.

The eigenvector centrality was different between provisioned and non-provisioned
females (Figure 5.2B). Although the overall eigenvector centrality was low, the provisioned
females were on the higher end of the spectrum (provisioned: Mean= 0.09 ± 0.01 SD; nonprovisioned: Mean= 0.05 ± 0.03 SD; Figure 5.2D). This result suggests that provisioned
females are more “popular” than non-provisioned (aka occupy a more central position within
the social network). However, given that provisioned and non-provisioned females had similar
values of weighted degree (that can stem from a high number of weak associations or a low
number of strong associations among individuals), our results suggest that provisioned females
associate with many individuals but their associations are weaker than those of non-provisioned
females.
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Figure 5.2 Social metrics of provisioned and non-provisioned adult female dolphins.
Benchmark distribution of the slopes of linear models on (A) weighted degree (strength) as a
function of provisioning status and number of individual observations and (B) eigenvector
centrality as a function of provisioning and observations fitted to association data randomized
by a null model. Dashed vertical lines indicate 95% confidence intervals and the thick solid
lines indicate the slope of the model fitted to the observed data. The Gardner–Altman
estimation plots show the effect size of the differences of (C) weighted degree (left y-axes) and
(D) eigenvector centrality (left y-axes) between provisioned (grey circles, N= 10) and nonprovisioned females (white circles, N= 80). Right y-axes (unpaired mean difference) display
the effect size, as the mean difference in each metric (black circle) between the two groups,
around the resampled distribution of the differences (grey curve) and its 95% confidence
interval (dark vertical line). Confidence intervals are bias-corrected and were based on 5,000
bootstrapping resamples.

The temporal stability of the associations (SLAR) among the provisioned and the nonprovisioned dolphins were best explained by the same exponential decay model with an initial
decay then levelling off, suggesting a combination of brief and more long-lasting associations
(Appendix B, Table B.7). Although the lagged association rates among provisioned dolphins
were higher than the rates among non-provisioned dolphins, they tended to drop over shorter
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time lags (Figure 5.3). These findings suggest that provisioned females may have more
associations among themselves, but weaker associations with individuals in the larger network.

Figure 5.3 Standardized lagged association rates among provisioned and non-provisioned
dolphins. Best fit models (thicker lines; Appendix B; TableB.2) suggest an initial decay that
levels off over longer time lags (Day logged), and above their respective null association rates
(dashed lines). Non-overlapping standard errors (vertical bars) suggest significant differences
in lagged association rates.
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5.5

Discussion

Food-provisioned bottlenose dolphins in Bunbury have a lower fitness in terms of
reduced reproduction success and offspring survival than their non-provisioned counterparts
(Chapetr 4; Senigaglia et al. 2019). This study investigated possible pathways through which
behavioural changes caused by food-provisioning could lead to these negative long-term
consequences. We found that provisioned adult dolphins spent less time socializing and
occurred in smaller groups. Calves of provisioned mothers also socialized less while the
difference in foraging likelihood might be mainly due to interindividual differences and only
partially dependent on season and on different behavioural habits of provisioned and nonprovisioned females. Our results suggest that relying on food handouts from humans can lead
dolphins to an impoverished social life (e.g. less time spent socialising and looser ties among
individuals). We suggest that an impoverished social life can indirectly lead to long-term
fitness costs, however other explanations are possible. For instance, provisioned females, that
are resident within Koombana bay and the Lesichenault estuary and spend more time close to
human encroachment, might be more exposed to pollution and acoustic contamination.
Moreover, females might rely on food hand-out to counter balance poorer body conditions or
ow foraging efficiency.

According to our Markov Chain analyses, calves of provisioned females spent more
time foraging than non-provisioned calves. However, the more in-depth analysis of calf
foraging likelihood revealed considerable differences across calves in foraging likelihood. The
slight seasonal effects likely reflects published results that foraging duration depends on prey
availability defined by season and environmental conditions (McCluskey et al. 2016b; Sprogis
et al. 2018b). In Bunbury, calves spend more time foraging during winter when prey are less
abundant but are higher in calorific content (McCluskey et al. 2016). Also, since the peak
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calving season in Bunbury correspond to the Austral summer (Smith et al. 2016), by winter
time, calves should be able to start foraging independently although still dependent on
lactation. Since season and time of day were colinear, the influence of the latter on calves
foraging likelihood is not surprising. The small effect of provisioning on foraging likelihood
can have several explanations which are not mutually exclusive. Calves from provisioned
mothers might spend more time foraging as a behavioural compensation for the time spent near
the provisioning beach, where they mostly rest. However, given the limited relative time spent
at the beach, a compensative explanation is unlikely (chapter 3). Alternatively, calves of
provisioned females might be less efficient foragers, because of them being less exposed to the
natural foraging behaviour of their mothers, and hence are required to spend a higher
proportion of time foraging compared to calves of non-provisioned females (Foroughirad &
Mann 2013). During summer, dolphins are also found in bigger groups and tend to socialize
more, since provisioned dolphins seem to socialize less, they might allocate this time to forage
instead.

While the amount of maternal care (i.e. time spent by calves in infant position) provided
by provisioned and non-provisioned females differed, it was mainly determined by the age and
behavioural state of the calf. In Bunbury, calves spent less time in infant position with age, in
agreement with findings from a similar study conducted in Monkey Mia (Foroughirad & Mann
2013). Younger calves rarely forage independently of their mothers during the newborn period
(0-3 months) as opposed to older calves (Mann & Smuts 1999) who decrease time spent in
infant position during foraging activity. Our study confirms these findings that, with age,
foraging calves spent less time in infant position. Since provisioned animals spent more time
foraging than non-provisioned, it is possible that calves of provisioned females spend less time
in infant position due to these behavioural differences.
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Animal grouping evolved because of benefits against predators and access to greater
knowledge on resources distribution (Christal et al. 1998; Archie et al. 2006). However, group
living can also carry some cost for the individual, including increased scramble competition
(Chapman & Valenta 2015). To minimize intra-group competition while maximizing its
individual gain, animals can modify their foraging techniques and explore alternative
ecological niches (Bednekoff & Lima 1998). Human-mediated foraging tactics, such as relying
on food-provisioning and begging food from boats, can promote a more solitary life for
provisioned dolphins (Powell & Wells 2011; Methion & Dìaz Lòpez 2019; Morales-Rincon et
al. 2019). In fact, provisioning and begging typically yield a single hand-fed prey item to
dolphins and relying on human interactions as food sources is a rewarding foraging tactic when
performed in isolation or in small groups to decrease scramble competition. Provisioned
animals were recorded begging at rate of 4.49 times per hour. The offspring of one provisioned
females showed the highest begging rate, suggesting a possible association between this
behaviour and maternal transmission of foraging techniques. Bottlenose dolphins in Sarasota
Bay, Florida, also exhibit transmission of unnatural foraging behaviours from one generation
to the next (Wells 2019) and thus further studies should investigate the influence of kinship on
begging behaviour in Bunbury. Although not exclusive to provisioned animals, during our
focal follows, only provisioned dolphins were recorded begging at boats for food hand-outs
(see Supplementary data). Our findings corroborate this theory by showing how provisioned
dolphins are found in significantly smaller group size than non-provisioned ones (Smith et al.
2008; Pinto de Sá Alves et al. 2013). While provisioned dolphins might benefit from solitary
foraging, an impoverished social life (e.g. less time spent socialising and weaker ties among
individuals) might affect their fitness. Social groups present opportunities for playful behaviour
that promotes calves’ cognitive and motor skills development and offers chances for social
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learning (Kuczaj & Eskelinen 2014; Brakes 2019). The reduction in time spent socialising of
calves from provisioned mothers decreases their opportunities for social play, which can have
negative effects on their ability to practice novel behaviours and forming strong social bonds
(Brakes 2019).

At a finer scale, the position of individuals within the social network (based on the
connectedness and strength of their associations) can also influence their fitness (Cameron et
al. 2009; Frère et al. 2010; Silk et al. 2010). Female centrality has evolved in cetacean societies
as a consequences of the extensive maternal care, providing some fitness benefits and a conduit
for cultural transmission (Frère et al. 2010; Rendell et al. 2019a). Dependent calves are mostly
exposed to and inherit their mothers social network (Stanton & Mann 2012; Rendell et al.
2019b). This, in turn, can influence their social behaviour and chances of survival (Frère et al.
2010; Rendell et al. 2019b). Having fewer chances of establishing strong social relationship
might ultimately affect the fitness of calves from provisioned mothers (Wilson 1975; Stanton
& Mann 2012; Brakes 2019). Our study shows that provisioned females are more connected
within the social network (higher centrality) than non-provisioned females, however, the
strength of individual associations is similar between the two groups. Our results suggest that
the higher centrality of provisioned females might be maintained by loose social ties among
many individuals. The temporally stable association rates among provisioned females, not
coupled with stronger ties, could reflect their habitat use (i.e. concentrated around the
provisioning site and where recreational vessels are more abundant) more than preferential
companionships. Overall, given our results, we hypothesise that the time dedicated to
socializing might be more correlated to reproductive success than the position within the social
network, which is in accordance with results from other populations where bottlenose dolphins
exhibit human-mediated foraging strategies (Methion & Dìaz Lòpez 2019). Nevertheless, since

113

dolphin foraging techniques are frequently maternally transmitted (Sargeant & Mann 2009)
and provisioned females are connected with more individuals, they are potentially more
influential in facilitating the spread of maladaptive behaviour such as begging. Indeed, from
our focal observations, only provisioned dolphins beg near boats (Appendix B; Table B.1) and
there is a positive correlation between the reliance on provisioning (i.e. the number of times a
dolphin was fed by the DDC) and the frequency of begging behaviour (chapter 4; Senigaglia
et al. 2019).

5.6

Conclusions

In conclusion, the measured behavioural differences between provisioned and nonprovisioned bottlenose dolphins highlights the importance of accounting for social behaviour
when evaluating the impact of human activities on animal welfare (Brakes 2019). In highly
social species, reproductive success depends on social cohesion, communal defence from
predators and cultural knowledge (Wade et al. 2012; Lahdenperä et al. 2016). Thus, disruptions
to the social environment caused by tourism appear to have negative consequences and might
further reduce the resilience of dolphin populations to human impacts (Wade et al. 2012). We
suggest that in Bunbury, food-provisioning promotes an unnatural foraging tactic that can alter
the social environment of dolphins, where provisioned mother-calf pairs socialize less often
and form smaller groups, which in turn result in negative effects on calf social development
and fitness (Figure 5.4).
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Figure 5.4 Suggested links between short-term effects of food-provisioning and long-term
consequences on female reproductive success and calf fitness. Dolphins adopt food hand-outs
by humans (during provisioning or when begging from boats) as an alternative foraging tactic
that can affect group size (we hypothesise that energetic intake should be greater when solitary
or in small groups, which our results indicate) and socialisation (our results indicate that
provisioned dolphins spend less time socializing). Smaller groups and reduced socialisation
impact the social development of calves which, in turn, could affect their survival (Calf fitness).
Calf survival is also influenced directly by maternal care (here, the time a mother allows calves
to be in the infant position), predation, maternal care and the maternal social environment
(including both group size and sociality) experienced by the calf. Dotted lines are hypothesised
relationships that received weak support from the data.

Our study highlights the need to incorporate sociality in assessing the impacts of human
activities on animals and in the development of conservation measures. We also show that even
a small amount of food provisioned can induce significant behavioural changes and promote
dolphins to become conditioned to human food sources, which could scale up to detrimental
effects at the population level. Thus, a reduction in the provisioning rates (e.g. less amount of
fish allowed per day or fewer dolphins fed) may not be enough to alleviate these negative
implications. When coupled with the illegal food-provisioning by recreational boaters, the
continuation of the food-provisioning program can promote the spread of human-mediated
foraging tactics via social learning and behavioural reinforcement among dolphins (Whitehead
et al. 2004; Powell & Wells 2011), possibly impacting the viability of the dolphin population.
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Chapter 6

Population-level consequences of multiple stressors:
predicting the impact of human activities and
environmental stochasticity on a marine top-predator
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6

Population-level consequences of multiple stressors: predicting the
impact of human activities and environmental stochasticity on a marine
top-predator

6.1

Abstract

Human activities can impact marine wildlife in multiple ways. Wildlife tourism, for
instance, influences individual behaviour, which in turn can affect animals’ vital rates and
ultimately diminish a population’s viability. Wildlife populations also experience an array of
environmental stressors that can affect individual vital rates and survival. However, the
potential cumulative effect of anthropogenic and environmental disturbances is largely
unexplored. In this study, we use a population viability analysis (PVA) to assess the relative
contribution of environmental and anthropogenic stressors. In particular, we explored the effect
of food-provisioning on the viability of a population of Indo-Pacific bottlenose dolphins
(Tursiops aduncus) off Bunbury, Western Australia. Here, food rewards are given to a limited
number of dolphins (ntotal= 22; between 2000-2018) as part of a licensed provisioning program
conducted to facilitate close-up human-dolphin encounters. Despite the small amounts of food
provided, there is a negative effect on the reproductive success and calf survival of provisioned
females. While provisioned females represent a small proportion of the adult female population
(7.8%), the impact of food-provisioning is concerning in light of the previously forecasted
population decline at the current level of reproduction. In this study, we used ten years of
systematic data collection to assess the relative contribution of food-provisioning to the
population’s long-term viability. We also explored the cumulative effect of hypothetical
environmental catastrophic events (i.e., disease outbreaks and toxic algal blooms) and
additional anthropogenic stressors. The results from this exercise can provide a management
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tool to prioritise conservation actions. Our study reaffirms previous results that the dolphin
population is forecasted to decline of 85.5% in 50yrs and highlights of food-provisioning
increase the projected decline by 12.5%. Moreover, co-occurring catastrophic events and
additional human disturbance can further accelerate population decline. In light of climate
change and environmental fluctuations, a precautionary approach should be taken in managing
food-provisioning. Management actions should aim to achieve tangible effects by minimizing
the impact of those anthropogenic activities (i.e. food-provisioning) that have a proven fitness
cost on wildlife while addressing concurrent stressors such as shipping, coastal development
and climate change.

6.2

Introduction

In order to successfully manage wildlife populations we need to make inferences on
their long-term viability in light of the multiple stressors to which they are subjected (Gerber
& González-Suárez 2010). When assessing population viability, it is important to consider both
stochastic processes (e.g., environmental, demographic and genetic) and deterministic
processes (human-induced disturbances that can be managed) that influence population
viability (Morrison et al. 2016). Complicating the issue is that interactions between these
processes are difficult to predict, given that the cumulative effect of multiple stressors can be
additive, synergistic or antagonistic (Harley & Rogers-Bennett 2004; Crain et al. 2008; Chen
et al. 2015; NASEM, 2017; Pirotta et al. 2019). However, considering stressors in isolation can
underestimate the effect of threats on populations (Brook et al. 2008) and lead to ineffective
management (Briskie & Mackintosh 2004). For example, a recent simulation study showed
that the impact of human disturbance on wildlife populations is augmented by climate change
because of their cumulative effects on reproductive success and survival (Pirotta et al., 2019).
To maximise the efficacy of conservation actions, the extinction risk of a population (Farrier
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et al. 2007; Morrison et al. 2016) and the feasibility of the management action proposed (i.e.
which disturbance factor can be realistically managed and how) need to be carefully evaluated.

Several quantitative tools are available to evaluate stressors that affect local populations
and prioritize management actions based on the simulated trajectories of population dynamics.
Decision trees and simulation-based analyses such as population viability analyses (PVA) are
among the most widely used (Strindberg & O’Brien 2012; Lacy 2019). By simulating
population trajectories over short (up to 50 years), medium (100 years) and long-term (300+
years), PVAs provide empirical support (or lack thereof) to alternative management actions for
long-lived species (Reed et al. 2012). Modern PVA software utilise a simulation approach that
incorporates the combined effects of stochastic processes (demographic, environmental and
genetic variability) and deterministic processes (e.g., overexploitation, human disturbance,
habitat degradation) to determine extinction risks of populations and species (Traill et al.
2010a, 2010b; Himes Boor 2014). PVAs are used to model populations dynamics (Morrison et
al. 2016) and identify key demographic parameters and threats to population viability (Manlik
et al. 2018). Population dynamics can be modelled under different management regimes or
under a wide variety of stressors that can be simulated in isolation or cumulatively. Sensitivity
analysis in which demographic parameters are modified based on realistic effects of known
threats or management actions typically yield more realistic management advice than
conventional elasticity analyses or other forms of proportional sensitivity analyses (Manlik et
al. 2018). In addition, so-called local sensitivity analyses can be used to further identify the
demographic parameters that largely influence population dynamics (Prowse et al. 2016). The
principal requirements for PVA and sensitivity analyses are reliable estimates of demographic
parameters, such as survival and fecundity (Coulson et al. 2001). For long-lived species, such
as cetaceans, long-term monitoring is essential to estimate life-history parameters and detect
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changes in population trends (Taylor et al. 2007; Civil et al. 2017; Symons et al. 2018).
However, long-term demographic data are rarely available due to the logistic and budget
limitations of systematic monitoring (Taylor et al. 2007; Tyne et al. 2016; Symons et al. 2018).

The Indo-Pacific bottlenose dolphin (Tursiops aduncus) population off Bunbury,
Western Australia (WA), has been extensively studied for over a decade via systematic
surveys. The long-term monitoring provided detailed information on the demographic
parameters, social structure, genetic flux, habitat use and foraging ecology of the population,
as well on the environmental and human impacts they experience (Manlik et al. 2016, 2019a;
McCluskey et al. 2016; Smith et al. 2016; Sprogis et al. 2016b, 2016a, 2018b; Senigaglia et al.
2019). This relatively small population (~ 200 resident individuals) has limited gene flow with
adjacent populations and it is subjected to various human pressures, including recreational
boating, commercial shipping and targeted tourism (i.e.., dolphin-watching and swim-with
dolphin tours) (Jensen et al. 2008; Arcangeli & Crosti 2009; Sprogis et al. 2016a; Manlik et al.
2019a; Senigaglia et al. 2019). Bunbury is the fourth biggest port in WA (Symons et al. 2018),
and recreational boating has increased considerably in the last 10 years (Symons J. In prep.).
In addition, a small number of dolphins (n= 22; 2000 - 2018) are fed as part of a foodprovisioning program that aims to provide tourists with close-up interactions with dolphins.
This food-provisioning has been shown to have detrimental effects on dolphin fitness, with
provisioned females having lower reproductive success and lower calf survival compared to
their non-provisioned counterparts (Senigaglia et al. 2019). Moreover, the Bunbury City
Council has recently approved an expansion of the Bunbury marina (South West Development
Commission - SWDC 2018) and is considering an expansion to the commercial port to deflect
some of the maritime traffic from the port in Fremantle supplying the city of Perth (~87m to
the north of Bunbury; McGuckin 2018). Large-scale projects for the expansion of Bunbury’s
121

marine infrastructures are likely to add to the stressors affecting a dolphin population that has
already been previously forecast to decline (Manlik et al. 2016). Some of the potential stressors
include increased recreational and commercial vessel traffic, acoustic and chemical pollution,
and habitat degradation.

Environmental stochasticity can also affect the population viability of marine species
by affecting resource availability, modifying the physical environment (e.g.., increase ocean
acidification due to climate change), promoting eutrophication and disease outbreaks (Maclean
& Wilson 2011; O’Neil et al. 2012; Brown et al. 2015). In Bunbury, climatic fluctuations, such
as El Niño Southern Oscillation (ENSO) events, indirectly cause seasonal fluctuations in
dolphin abundance by affecting prey availability (McCluskey et al. 2016; Sprogis et al. 2018b).
Moreover, climate change and ENSO events have been linked to increases in the frequency
and virulence of disease outbreaks and toxic algae blooms (Marcogliese 2008; O’Neil et al.
2012) which are prominent factors in determining the long-term viability of cetacean
populations (Hallegraeff 2010).

Morbillivirus is a highly infectious disease that severely affects the immune system of
the host (Van Bressem et al. 2014). Confirmed cases of morbillivirus-related mortality have
been recorded in the Swan River, Perth (approximately 87 nautical miles from Bunbury) with
a decadal cycle (DBCA 2019). In June 2009 two outbreaks of morbillivirus and poxvirus
resulted in the death of six bottlenose dolphins from the small (n= 20) resident dolphin
community in the Swan River, corresponding to more than six times the average annual
mortality (Holyoake et al. 2010; Chabanne et al. 2012; Stephens et al. 2014). The 2009
morbillivirus outbreak was the first recorded in Australia (Holyoake et al. 2010; Chabanne et
al. 2012), but during the subsequent four years, four additional cases affecting both common
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(Tursiops truncatus) and Indo-Pacific bottlenose dolphin occurred in Australasia (van Bressem
et al. 2014). An additional morbillivirus outbreak in 2019 caused the death of five Indo-pacific
bottlenose dolphins in the Swan River and Perth coastal waters, confirming a decade cyclical
occurrence and a high virulence of morbillivirus in Western Australia (DBCA 2019).
Moreover, a case of cetacean morbillivirus was recently confirmed in Mandurah (50 nautical
miles from Bunbury; Stephens N. Pers. Comm.). No physical barriers exist between Bunbury,
Mandurah and the Swan River, thus morbillivirus infections in Bunbury are likely.

Harmful algal blooms are typically caused by algae of the dinoflagellates sp. that
produce a potent neurotoxin called brevetoxin (Fire et al. 2008). Bioaccumulation and trophic
transfer of brevetoxins has been documented in several wildlife species, including dolphins
(Fire et al. 2008; Gannon et al. 2009). In Australia, although infrequent, unusual mortality
events caused by toxic algal blooms (Gambierdiscus sp. and Noctiluca scintillans) were
reported on the eastern and southern coastlines (Hallegraeff 2010). Such catastrophic events as
these are thought to occur in any vertebrate population with a frequency of 14% per generation
(Reed et al. 2003) and can cause unexpected and significant die-offs in a marine mammal
population (Geraci 1989; Kemper et al. 2016). Moreover, harmful algal blooms are globally
increasing in frequency, intensity and geographical distribution, stimulated by industrial and
agricultural runoff driven eutrophication (Hallegraeff 2010) and climate change (Marcogliese
2008). Thus, both disease and harmful algal blooms are potential causes of cetacean mortality
that could possibly occur in Bunbury and should therefore be included in the PVAs that aim to
forecast realistic processes (Litz 2014).

A previous study by Manlik et al. (2016) conducted a PVA, based on three years of
data (2007-2010), to explore the population trajectory of the resident bottlenose dolphins
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population off Bunbury. The forecast a population decline of approximately 50% in just two
decades, unless supported by immigration. The forecast decline was primarily due to the small
proportion of adult females breeding. In this current study, we included an additional six years
of data (2007-2015) and reassessed the population’s trajectory, considering the potential impact
of a variety of human activities and environmental factors. First, we assessed the relative
influence of food-provisioning on the population viability, creating two baseline scenarios
which modelled population dynamics using: i) age-specific mortality estimates calculated
exclusively based on non-provisioned animals and then applied that to the entire population,
and ii) observed demographic parameters (thus including both provisioned and nonprovisioned individuals). Subsequently, local sensitivity analyses were used to assess which
demographic parameter(s) influenced population dynamics the most. Sensitivity analysis was
further conducted to assess the resilience of the Bunbury dolphin population to cumulative
disturbance, simulating how additional threats from anthropogenic disturbance, environmental
stochasticity and their cumulative effects would affect the population trajectory. Finally, we
model the recovery potential of the population under various protective measures.

6.3

Methods

We conducted PVA using the software Vortex v10, that employs individual-based
models to simulate wildlife population dynamics while explicitly modelling the effects of
deterministic (demographic and genetic parameters) and stochastic factors (including
demographic stochasticity, environmental variability, catastrophes, genetic drift and
inbreeding) (Lacy 2000; Lacy et al. 2015).
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6.3.1 Model parameters
We estimated population demographic parameters from data collected during
systematic surveys from 2007 to 2015. A total of 2,282 dolphin group sightings were recorded
during 828 boat-based photo-identification surveys. Surveys were conducted year-round
following predetermined transects that covered an area of 120 km2 (for detailed description of
data collection please refer to Smith et al. 2013; Sprogis et al. 2016a). Mark-recapture analyses
showed that dolphin’s abundance fluctuates seasonally between 76 (95% CI 68-85) individuals
and 185 (95% CI 171–200) (Sprogis et al. 2016a), however, this estimate refers to 2007-2013
only and does not include claves. To account for potential differences in population size from
2013 onwards, we used a starting population size estimate corresponding to the maximum
number of individuals sighted each year and then averaged across the survey period (including
all age classes), plus an additional 10% to account for unidentified animals (Manlik et al. 2016;
Sprogis et al. 2016a) (further details in Appendix C). Thus, initial population size was set at
297 individuals and age-class distribution was allocated base on birth and death rates
automatically calculated in VORTEX using the in-built option of “stable age distribution”
(Lacy 2000; Lacy et al. 2015). Reproductive maturity was set at 12 yeas of age for females and
15 years for males (Manlik et al. 2016; Smith et al. 2016). Sex was assigned via one or more
of the following methods: molecular analyses of tissue samples, visual examination of genital
area; or for females, repeated presence of a dependent calf (Smith et al. 2016). Individuals of
unknown sex were assigned male or female sex using a 1:1 ratio. The percentage of adult
females breeding per annum was calculated by dividing the number of calves born per year, by
the number of adult females present that year. All adult males were considered part of the
breeding pool, as information on paternity and mate monopolization were not available. The
percentage of adult females breeding per annum was calculated by dividing the number of
calves born per year, by the number of adult females present that year and averaged across the
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study period to obtain one value of fecundity (Lacy et al. 2015). We calculated true annual
mortality (i.e., separated from permanent emigration) for juvenile and adults based on the
number of carcasses from stranded dolphins. We assumed that the number of carcasses
recovered corresponded to the 25% of the total mortality of non-provisioned animals as
estimated for a comparable coastal bottlenose dolphin population in California (Carretta et al.
2016). Carcass recovery rates can vary substantially depending on the hydro-geological
features of the area and the degree of population monitoring, (for a comprehensive review see
Appendix C). We calculated mortality rate for provisioned animals assuming 100% recovery
rate, as complete information is available for the provisioned individuals compared to nonprovisioned dolphins (see Appendix C). Calf mortality was estimated based on the number of
calves that were successfully weaned, defined as reaching 3 years of age (Senigaglia et al.
2019). We assumed weaning age to correspond to nutritionally independence and measured it
based on the last recorded infant position (Senigaglia et al. 2019). We calculated demographic
stochasticity using a binomial distribution, given the population size and the estimated
probability of survival and reproduction. The standard deviation due to environmental variation
(SDev in Vortex) was calculated from the total observed variance, minus the demographic
stochasticity (Lacy et al. 2015). Inbreeding depression was modelled as a function of lethal
equivalents (i.e., the accumulation of deleterious recessive alleles that were not removed by
selection due to inbreeding) (Lascoux & Lee 1998; Pemberton et al. 2017) using the built-in
option in Vortex (O’Grady et al. 2006; Lacy et al. 2015). We used 6.29 lethal equivalent, a
common median value reported for free-ranging mammals (O’Grady et al. 2006). Carrying
capacity was set at 370 based on Manlik et al. (2016). The key life-history parameters used in
this PVA are presented in Table 6.1, and a detailed description of how we estimated each
parameter is presented in Appendix C.
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Table 6.1 Demographic parameters used as input values in the PVA under the different scenarios. CMort refers to calf mortality expressed as %,
JMort refers to Juvenile mortality expressed as % and AMort refers to Adult mortality expressed as %. SDev represent the standard deviation in
mortality rate due to environmental variability and it is provided per each age class. K represents the carrying capacity.* values represents the
added mortality during a catastrophic event (e.g. morbillivirus outbreak, oil spill, alga bloom). The frequency of catastrophic events over 100yrs
simulation, are given in brackets where 0.05 corresponds to once every 20yrs, 0.1 = once every 10yrs and 0.6= once every 3.2 yrs (equivalent to
14% in one dolphin generation, aka 23 yrs). Baseline mortality estimates for scenario A and C and frequencies of events are given in Appendix
C2.
Scenario

CMort

SDev

JMort

SDev

AMort SDev

K

%
adult SD
breeding
females

Study reference

Non-provisioned

36.5

14.4

7.2

0.6

2.5

0.09

370

13.4

8.4

Sprogis et al. 2016a; Senigaglia et al. 2019

Observed (baseline)

38.5

14.4

7.6

1.4

2.6

0.09

370

11.8

7.6

Sprogis et al. 2016a; Senigaglia et al. 2019

A – Morbillivirus *

38.5

14.4

7.6

1.4

2.6

0.09

370

11.8

7.6

Chabanne et al. 2010; Geraci, 1989; Stephens et

•

B

–

Morbillivirus (0.1)

56.5

Human

45

14.4

7.6

1.4

2.6

0.09

370

11.8

7.6

Currey et al. 2009

45

14.4

7.6

1.4

2.6

0.09

370

11.8

7.6

Chabanne et al. 2010; Geraci, 1989; Currey et

disturbance

35.6

31.8

al. 2014

(decreased calf survival)
C – Cumulative disturbance*
•

Oil spill (0.05)

69.25

53.8

51.3

al. 2009; Carmichael et al. 2012; Litz et al.

•

Morbillivirus (0.1)

56.5

35.6

31.8

2014; Stephens et al. 2014

•

Alga bloom (0.6)

69.25

53.8

51.3

D - Management

12.3

14.4

7.6

1.4

2.6

0.09

370

20.6

7.6

Cheney et al. 2019
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6.3.2 Food-provisioning scenarios (observed and non-provisioned)
We developed two scenarios: non-provisioned and observed (Table 6.2). The two
scenarios differed in age-specific mortality rates and reproductive rate (i.e., the percentage of
adult females breeding) while the other demographic parameters (e.g., population size, carrying
capacity) remained unchanged. In the first scenario (non-provisioned), age-specific mortality
rates and reproductive rates were estimated for only non-provisioned individuals and applied
to the model of the entire population (i.e., the mortality rates of the provisioned individuals
were not considered). The non-provisioned scenario was developed to forecast the population
trajectory if food-provisioning was not offered (i.e. without considering the additional
mortality due to this practice). The observed scenarios provide a more realistic representation
of the population, including estimates of mortality rates calculated based on the actual division
of the population into both provisioned and non-provisioned animals.

Table 6.2 Description of modelled scenarios
Food-provisioning
scenarios
Non-provisioned

Description
Demographic parameters are calculated based on non-provisioned
individuals only and applied to the entire population.

Observed

Demographic parameters are calculated based on observed mortality and
reproductive rates, including both provisioned and non-provisioned
individuals.

Additional scenarios

Description

A: Morbillivirus

Morbillivirus outbreaks cause unusual mortality events.

B: Human disturbance

Additional mortality from human disturbance causes an increase in calf
mortality.

C: Cumulative disturbance

Cumulative effect of multiple stressors considered both the increase in calf
mortality caused by human disturbance and the consequences of unusual
mortality events due to morbillivirus, harmful algal blooms and oil spill.

D: Management

Positive outcomes of protective measures are modelled as increased
reproductive rate and decreased calf mortality rates.
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6.3.3 Additional scenarios
We created four additional scenarios using the mortality estimates from our baseline
model, which also served as the standard for comparison (Table 6.2). In the first scenario (A Morbillivirus), we applied additional mortality due to environmental stochasticity modelled as
the outbreak of dolphin morbillivirus (Chabanne et al. 2012; Stephens et al. 2014). We
modelled catastrophic events specifying the severity (i.e., how much added mortality was
attributable to such event) and probability of occurrence (i.e., the frequency of the event within
the length of the simulation) for morbillivirus outbreaks based on demographic parameters
recorded in the Swan River, WA (Chabanne et al. 2012; Stephens et al. 2014). We then created
a scenario (B – Human impact reducing calf survival) in which human disturbance was
modelled as a continuous factor (occurring over multiple seasons/years). The effects of the
disturbance were based upon the observed consequences on a common bottlenose dolphin
population as a result of the opening of a tailrace tunnel for hydroelectric power (Currey et al.
2009). Here, the additional cold freshwater input in the fjord habitat caused a drop in sea
surface temperature which was unsustainable for the limited thermal tolerance of calves and
thus increased calf mortality. Environmental stochasticity and human disturbance were
combined as cumulative disturbance in the third scenario (C – Cumulative impact) in which
three catastrophes (oil spill, harmful algal blooms and morbillivirus outbreak) occurred in
addition to the increased mortality rate due to human disturbance used in scenario B
(Carmichael et al. 2012; Litz et al. 2014). The effects of multiple disturbances were assumed
to be additive. In the last scenario (D - Management), we explored possible outcomes of
management actions and modelled the population trajectory in the case of habitat- and
population protection (such as from the establishment of a special area of conservation). Based
on the improved calf survival and reproductive success reported for Moray Firth, Scotland after
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the implementation of additional protective measures (see Appendix C), we decreased calf
mortality by two thirds from our baseline scenario and almost doubled fecundity (Cheney et
al. 2019). The exact values for mortality and fecundity used in Scenarios A to D are provided
in Table 6.1 along with their references. A more in-depth description of each scenario is
available in Appendix C. For each scenario, we simulated 1,000 population trajectories over
50 and 100 years. The shorter time frame is usually less relevant to estimate extinction risk in
long-lived species because it does not encompass a sufficient number of generations, however
it is of higher relevance for management.

6.3.4 Local sensitivity analyses
Local sensitivity analyses is used to simulate perturbation of different vital rates and
estimate how population dynamics (e.g. growth rate or extant population size) are influence by
these changes (Prowse et al. 2016) Based on observed variation over the study period, we ran
local sensitivity analyses varying calf and juvenile mortality, adult mortality (differentiating
between females and males), population size and fecundity (the percentage of breeding
females; Table 6.3). We used the observed values as “medium” and altered each variable by ±
one standard deviation unit as in Manlik et al. (2016). We then tested each parameter singularly
while maintaining the other parameters at the base values to quantify the effect of each
parameter variation on the model output (i.e. the population trajectories). Since the observed
variation for most parameters was very low, in a similar way we expanded our sensitivity
analyses by varying the different vital rates by a fixed proportion (± 10%, ± 20% and ± 40%
from the baseline value as in Pirotta et al. 2018; Table 6.3). While it is unlikely that
reproductive or mortality rate would oscillate to such degree, using extreme values allowed us
to fully explore the potential range of the parameters.
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Table 6.3 Input demographic parameter for local sensitivity analyses. The observed values of
each parameter were used as medium value, maximum and minimum values were estimated
adding and subtracting 1 SD, respectively.
±10% added variance

Observed variance
Min

Medium

Max

Min

Medium Max

Calf mortality (%)

24.1

38.5

52.9

34.65

38.5

42.35

Juvenile Mortality (%)

6.2

7.6

9.0

6.84

7.6

8.36

Adult female mortality (%)

2.51

2.6

2.69

2.34

2.6

2.86

Adult male mortality (%)

2.51

2.6

2.69

2.34

2.6

2.86

Percentage females breeding

4.2

11.8

19.4

10.62

11.8

12.98

Population size

97

297

350

267

297

327

6.4

Results

All modelled scenarios forecast a population decline, supporting the findings of the previous
PVA that the dolphin population in Bunbury is at risk of extinction at current levels of vital
rates (Manlik et al. 2016).

6.4.1 Food-provisioning scenarios
Under the two provisioning scenarios (non-provisioned and observed), the population
trajectory shows a negative growth rate and a consequent steady decline (Figure 6.1, Table
6.4). In the observed scenario (with provisioning) the population displays a low stochastic
growth rate (r) of -0.042 and an extinction probability of 34.3% over 100 years (where
extinction probability is defined as the percentage of iterations in which the population was
forecast to be extinct) (Table 6.4). Under the observed scenario, the dolphin population was
forecasted to decline to 14.5% of the starting population size (n= 297) in approximately 50
years (Figure 6.1, Table 6.4 and 6.5), tallying 43.02 (SD= 14.31) and 7.4 (SD= 4.61)
individuals after 50 and 100 years, respectively. Under the non-provisioned scenario, the
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population was still forecast to decline (r = -0.021) but at a slower rate, tallying 110.43 (SD=
31.25) and 39.5 (SD= 19.59) in 50 and 100 years, respectively.

Figure 6.1 Graph of simulated population trajectories of the observed (circle) and nonprovisioned (cross) scenarios models. Population trajectory projected over 100yrs based on
mean population growth value across 1000 iterations with reported SE.

6.4.2 Additional scenarios
The population was also forecasted to decline based on every additional modelled
scenarios. The probability of the population persisting past 100 years was 35% for A
(Morbillivirus outbreak), 50% for B (Human impact) and 69% for C (Cumulative impact)
(Table 6.4). The effect of the cumulative disturbances (C) had the greatest impact across the
additional scenarios, with the population halved in just 15 years. However, provisioning had
the biggest effect on population viability, with non-provisioned scenario showing the slowest
decline (Figure 6.2). Results from simulations of scenario D showed that even when
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appropriate management are in place to curb calf mortality, low female reproduction remains
a determining factor influencing population decline. In fact an increase of 1.75 in the
percentage of female breeding was not sufficient to achieve positive growth rate despite the
lower calf mortality and the population tallied at 265 individuals after 100 years (Table 6.4;
Figure 6.2).

Table 6.4 Results from population trajectory simulated over 100 years. Simulations were run
for 1,000 iterations. PE refers to the probability of extinction in 100 years, TE refers to the
time of extinction over 100 yrs. Stochastic r is the stochastic exponential growth rate, N extant
corresponds to the extant population size at the end of the simulation. Please note that TE,
Stochastic r, and N extant are means calculated over the 1,000 simulations
Scenario

PE

TE

Stochastic r

SDr

N extant

SDNextant

Non-provisioned

0.002

91.5

-0.021

0.045

39.50

19.59

Observed

0.337

89.4

-0.042

0.075

7.41

4.31

A Morbillivirus outbreak

0.347

88.9

-0.042

0.077

7.38

4.65

B Human disturbance

0.522

87.6

-0.046

0.080

5.62

3.34

C Cumulative disturbance

0.688

82.3

-0.051

0.1003

4.86

2.96

D Management

0.0

0.0

-0.0006

0.0376

269.52

66.35

Table 6.5 Results from population trajectory simulated over 50 yrs. Simulations were run for
1000 iterations. PE refers to the probability of extinction in 50 yrs, TE refers to the time of
extinction over 50 yrs. Stochastic r is the exponential growth rate, N extant correspond to the
population size at the end of the simulation
Scenario

PE

TE

Stochastic r

SD

N extant

SD

Non-provisioned

0.00

0

-0.020

0.0368

110.43

31.25

Observed

0.00

0

-0.040

0.0443

42.46

14.22

A Morbillivirus outbreak

0.00

29.5

-0.040

0.0452

41.85

14.02

B Human disturbance

0.00

0

-0.045

0.0451

33.57

11.56

C Cumulative disturbance

0.01

18.2

-0.050

0.0783

28.93

14.12

D Management

0.00

0

-0.0001

0.0374

291.37

53.49
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6.4.3 Local sensitivity analyses
We tested variation of each input parameter singularly based on observed variance and
a fixed proportion additional variation of ±10%, ±20% and ±40%. Each scenario was run for
1000 iterations. Sensitivity analyses using observed variance revealed that, out of the tested
parameters, reproductive rate (i.e., the percentage of adult breeding females) was the most
influential parameter on population dynamics (Figure C.2, Appendix C). Variation in stochastic
growth rate substantially differed under minimum and maximum values of reproductive rate
(min= -0.0768; max= -0.0202). Concurrently, extinction probability also differed when
minimum and maximum values of reproductive rates were used, forecasting a 99.8%
probability of going extinct in 100 years at minimum reproductive rate and a 0.1% extinction
probability using the maximum value of reproductive rate. Variations in calf mortality had a
lesser effect on the population trend, with a difference in probability extinction of 36.4% when
using minimum and maximum value of calf mortality. Male adult survival rate and population
size lead to relatively constant r values (min= -0.0420; max= -0.0423; min= -0.042 ; max= 0.0421, respectively), which is typical of animals with slow population growth (Manlik et al.
2016; Manlik 2019). Sensitivity analyses using a fixed proportion variation of 10% lead to
similar results. A 10% increase in adult mortality didn’t’ affect much growth rate (-10% r= 0.0403; +10% r= -0.0439) while the same variation in reproductive rate lead to a more
substantial difference in growth rate (-10% r= -0.0461; +10% r= -0.0375). When parameters
were varied by 20% and 40%, the variation in stochastic r and extant population size was
proportional to the changes observed under the 10% variation and confirmed that reproductive
rate had the highest influence on population viability (Figure C.2). Thus, to further explore the
support of the models’ results we compared the baseline scenario to two others in which we
varied reproductive rate according to the yearly minimum and maximum estimate of females
within the population, which, in turn, returned a low (10.6%) and high (15%) reproductive rate.
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In the baseline scenario, we calculated the number of females within the population by adding
to the individuals of confirmed sex, half or the individuals of unknown sex. To calculate the
maximum number of females within the population, we assumed every individuals of unknown
sex to be females while to estimate the minimum number of females we considered only those
individuals for which sex was confirmed. Results from this comparison show that growth rate
was only partially affected by the number of females and the population as forecasted to decline
at similar rate despite the number of females (minimum, observed, maximum). In contrast, the
rate of decline in the non-provisioned scenario was smaller than in any of the previous likely
due to a combination of lower mortality and higher reproductive rate compared to the baseline
scenario (Appendix C; Figure C.3). These results and the high level of monitoring of the
population, give us confidence in the input parameters and in the population forecast.
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N extant
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Non-provisioned
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Observed
Morbilllivirus
Human impact
Cumulative impact
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0
0
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Year
Figure 6.2 Graph of simulated mean population trajectories over 1,000 iterations of the
Bunbury dolphin population (Number extant) for additional scenarios projected over 100
years. Population trajectory for the observed and non-provisioned scenarios are also provided
as reference. Black squared line represents scenario D (Management). White circles represent
the observed scenario. Dark triangles represent scenario B (Human disturbance). Asterisks
represent scenario A (Morbillivirus outbreak). White triangles represent scenario C
(Cumulative disturbance). Black stars represent the non-provisioned scenario.
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6.5

Discussion

Under the assumption that food provisioning causes the observed differences in
reproductive success, the results from this study highlight the contribution of marine tourism
(i.e., food-provisioning) on the forecasted negative trajectory of the dolphin population in
Bunbury. Our results, confirm the decline of the population even under the most optimistic
scenario (aka without provisioning nor additional threats) (Manlik et al. 2016; Manlik 2019).
The small proportion of adult breeding females per year (11.8%) and, to a lesser degree, high
calf mortality in the observed scenario appears to be the primary cause of the population
decline. Since females represents roughly the 60% of the Bunbury dolphin population, the
limited number of breeding females relates to the number of newborn produced each year
which is not high enough to sustain population growth. This, coupled with low calf survival,
results in an increment in population size of too few individuals. However, calves might easily
go undetected especially for females with large home ranges. The high and constant survey
effort conducted in Bunbury between 2007-2016 give us confidence in our parameter estimates
but the uncertainty around this parameter, coupled with its importance, highlights the need of
systematic data collection and caution against an overinterpretation of our models’ results.
Moreover, it is important to notice that our estimate of adult and juvenile mortality are based
on a fairly high carcass recovery rate and thus might be an underestimation of the true mortality.
In fact, the choice of recovery rate largely influence the severity of the population decline
(Appendix C). Similarly, the uncertainty around the estimate of reproductive rate has also a
high repercussion on the probability of extinction (Figure C.2).

6.5.1 Food-provisioning scenarios
The comparison between the non-provisioned and observed scenarios highlights how
dolphin tourism can augment and accelerate this trend. Differences in population trajectories
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with and without the effect of food-provisioning were not distinguishable within the first few
years, however, a more rapid population decline under the observed scenario became evident
after a decade (Figure 6.1). This means that the added negative effect correlated to foodprovisioning on this population, already forecasted to decline, is not immediately detectable
but, if unaccounted for, will accelerate the population decline. In 30 years, the population is
forecasted to be roughly one third of its initial size and in 50 years the population would be so
depleted that management actions might be ineffective in ensuring its recovery. The fitness
cost experienced by the provisioned dolphins should be minimized to avoid the steeper decline.

6.5.2 Additional scenarios
In addition to the documented effect of food-provisioning, the Bunbury dolphin
population is exposed to other human and environmental stressors. Cumulative effects of
multiple stressors (e.g., disease outbreaks, algal blooms, human disturbance, climate change)
have the potential to affect the viability of wildlife population. Dynamic models that do not
include multiple disturbances will likely underestimate extinction risk (Pirotta et al. 2019). In
fact, the cumulative effect of multiple stressors can lead to an extinction vortex, with
demographic, environmental, and genetic stochasticity acting in synergy with human
disturbance to augment the decline of small populations (Johnson et al. 2010; Veprauskas et
al. 2018). This is particularly relevant in Bunbury where the local population also shows low
genetic diversity compared to other conspecifics populations in Western Australia, such as the
Shark Bay population (Manlik et al. 2019a, 2019b). Low genetic diversity can reduce
individual fitness, thus making the population less robust to environmental changes (Manlik et
al. 2019a, 2019b). Our results suggest that unusual mortality due to disease outbreaks (scenario
A), would slightly accelerate the population decline in Bunbury. Morbillivirus outbreak is a
serious and very plausible threat to the Bunbury dolphin population given two recent outbreaks
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that occurred in the Swan River, just 87 nautical miles north of Bunbury and a recent 2019
confirmed case of cetacean morbillivirus reported in Mandurah, ~50 nautical miles north of
Bunbury (Stephens N. Pers. Comm.). Diseases can hinder recovery of threatened populations
and contribute to their extinction risk (Gaydos & Gilardi 2004). While we recognise that
disease outbreaks are very variable in their impact on marine mammal populations, the
potentially severe consequences of morbillivirus prompted scientists to employ a populationscale prophylactic vaccination of endangered species, such as Hawaiian monk seals (Monachus
schauinslandi) (Robinson et al. 2018), and a similar vaccination protocol was tested on captive
common bottlenose dolphins (Tursiops truncatus) to address Erysipelas infections (Lacave et
al. 2019). However, to our knowledge, there are no vaccination programs in place for cetacean
anywhere in the world. The feasibility of a large scale vaccination program would be limited
by the development of an appropriate vaccine (at present not available in Australia, Stephens
N. Pers. Comm.), by the financial commitment needed and by the logistic difficulties to
physically vaccinate an adequate number of highly mobile individuals with wide home ranges.

Additional human disturbance affecting calf survival (scenario B) would also
contribute to the forecast population decline and thus should be addressed in the effort of
preventing population extinction. The Port of Bunbury is the fourth largest port in Western
Australia and current marine facility expansions will increase the maritime traffic and the
anthropogenic disturbance on the Bunbury dolphin population. Differently from our simulated
scenario (B) in which only calf survival was impacted by human disturbance, habitat
modification and decreased water quality during and after the expansions of the marine
facilities will likely impact all age classes. We further considered some of these issues in
modelling additional disturbance from oil spills. In isolation, environmental catastrophic
events appeared to be more influential on the probability of extinction than human disturbance.
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This is also likely because we modelled the latter to only affect calf survival, whereas the
effects of environmental stressors were stipulated to affect all age-classes. In reality,
environmental and human disturbance likely occur simultaneously, affecting multiple ageclasses, and can have an additive or synergistic effect. For example, the 2010 Deepwater
Horizon oil spill in the Gulf of Mexico directly and indirectly affected dolphin survival,
doubling the severity of the unusual mortality event caused by red tides (Carmichael et al.
2012) suggesting that high and persistent human disturbance might hinder dolphin resilience
and decrease their ability to cope with climate change (Learmonth et al. 2009).

Our results show that the combined effect of environmental catastrophic events, albeit
unlikely to occur, and human disturbance lead to a severe population decline with a 70% chance
of extinction in less than a century (scenario C). It is also important to notice that the results
from combined effects of multiple disturbances assume these effects to be additive and thus
might underestimate consequences of potential synergistic effects. Our predictions of
population dynamics assume a closed population and thus might underestimate the ability of
the population to compensate for losses and to survive infrequent environmental fluctuations.
However, population structure analysis (Manlik et al. 2019a) shows that Bunbury is a distinct
population with limited gene flow to neighbouring populations. Small populations are at
greater risk of extinction due to inbreeding depression, environmental stochasticity and human
disturbance (Shaffer 1981; Lacy et al. 2017; Lacy 2019). PVA and sensitivity analyses allow
to prioritize management actions and assess the relative effectiveness of conservation strategies
to guide wildlife management (Lindenmayer & Lacy 2002; Brazill-Boast et al. 2018; Manlik
et al. 2018).
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By modelling the increase in survival rates subsequent to implementing a protected area
in Moray Firth, Scotland (scenario D), we forecasted what might happen to the Bunbury
dolphin population if comparable conservation measures were taken. Moray Firth was
designated as Special Area of Conservation (SAC) in 2005 to protect the local bottlenose
dolphin population. The SAC policy states that any human activity that might have an impact
on the conservation of the dolphin population should undergo a comprehensive environmental
impact assessment (Cheney et al. 2019). This conservation management action likely
contributed to the 15% and 23% increase in 1st and 2nd year calf survival, and increase in
fecundity, although other factors might have contributed to these improvements in
demographic parameters (Cheney et al. 2019). The anthropogenic activities in Moray Firth
resemble the ones in Bunbury including fishing, commercial shipping, research and dolphin
watching (Hastie et al. 2003) and thus are likely to have similar effects on the dolphin
population (albeit the impact could be different as it is dependent on population-specific
characteristics). Our model predicted that implementing similar conservation measures in
Bunbury, assuming they would lead to similar population trends, would not be enough to
ensure a positive growth rate and population size would still decline albeit much slowly than
under the other scenarios (Table 6.2; Figure 6.2). Protective measures tend to be area-specific,
and so the approach taken in the Moray Firth may not be applicable in Bunbury but highlight
how strict protective measurements should be implemented to sustainably management of the
dolphin population.

6.5.3 Management
The importance of providing a comprehensive assessment of human impacts
considering additional stressors that might threaten the viability of a population cannot be
understated. Large-scale catastrophic events, such as oil spills and extreme environmental
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fluctuations, albeit rare and unlikely to occur, can have negative effects on dolphin populations
and augment the impact of human activities. However, their complexity and the uncertainty
associated with their interactions, makes it hard to address them at a local management scale
(Arvai et al. 2006). In contrast, some stressors such as tourism and acoustic pollution, can be
efficiently dealt with on a local level by reducing their sources and thus mitigating their impact
(Simmonds et al. 2014). When developing a conservation plan for a population, economic and
social interests must be taken into account to ensure long-term feasibility of management
actions (Neto 2003). Moreover, management should be adaptive to incorporate new scientific
evidence (e.g., new assessment of impact of disturbance sources) which, in turn, requires a
well-connected network of institutions and organizations (Olsson et al. 2004).

Food-provisioning is not the sole threat to the local dolphin population, but our results
show that it has the most significant impact on the population viability and can be more readily
addressed at local legislative level compared to other stressors (i.e., shipping, coastal
development, climate change) (Senigaglia et al. 2019). The shipping industry represents 90%
of the world’s trade and accounts for an average of 2.4% of global emissions (IMO 2016) with
its operational pollution posing an even bigger treats than accidental oil spills (Ng & Song
2010). While the International Maritime Organisation announced a long-term plan to halve
their greenhouses gas emission by 2050, by this date the dolphin population in Bunbury could
be one third of its present size, if no further conservation actions are implemented. Reducing
the impacts of climate change (i.e. influencing the frequency of alga blooms) is an equally
challenging task both at national and international scales. The Australian federal government
has committed to reduce carbon emissions nationwide by 28% by the year 2030 and plans net
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zero emission by 2050 as part of the Paris agreement1 (Skarbek & Malos 2019). However,
projections for 2030 show a 4% growth in emission above 2020 level (Department of the
environment and energy 2018) and global carbon emission rose by 1.7 % in 2018 (Lannin
2019; Long 2019). Implementing emission reduction policies to curb climate change and
regulate the international shipping industry requires more than just local actions and would
likely requires years (Figure 6.3). Moreover, carbon emissions reduction measures at national
level might not successfully resolve the effect of climate change. In contrast, food-provisioning
is relatively easy to regulate, given that it involves a single organisation (Dolphin Discovery
Centre, DDC) and one regulatory body (Department of Biodiversity, Conservation and
Attractions, DBCA). Moreover, food-provisioning does not generate a direct revenue and a
recent study showed that, despite the importance placed by tourists on the dolphin interaction,
visitors would continue to visit the DDC even if the provisioning were to stop (Senigaglia et
al. 2020). Thus, the cessation of the food-provisioning program is unlikely to have substantial
economic consequences for the local economy. On the contrary, the local extinction or
permanent emigration of the local dolphin population will have greater repercussions, not only
on the DDC, but on the tourism industry as a whole.

1

The Paris agreement was signed by the member states of the United Nation Climate Change Committee
(UNCCC), including Australia, on the 12 December 2015. This agreement aims to address climate change via
actions and investments necessary to limit the global temperature increase to less than 1.5 degrees Celsius
(UNCCC, 2015).
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Figure 6.3 Estimated timeline of management actions from 2020 onwards. For each
management target there is a corresponding estimated year of implementation and the
corresponded forecasted Bunbury dolphin population size. Estimated time to develop and
deliver a population wide vaccination plan in Bunbury was based on a similar program
implemented in Hawaii for the endangered monk seals (Robinson et al. 2018). Emission
reductions in the shipping industry was based on targets set by the International Maritime
Organisation (IMO 2016) Australian emission-free reduction timeline was based on targets
set by the Australian government as part of the Paris Agreement signed in 2016 (Department
of the environment and energy 2018).

6.6

Conclusion

Our study confirms that the dolphin population off Bunbury is forecast to decline,
seemingly at an accelerated rate than previously forecasted (Manlik et al. 2016, 2019a), and it
highlights the contribution of food-provisioning on the forecasted population trajectory.
Moreover, our results showcase the sensitivity of these animals to additional disturbance from
non-targeted disturbances (e.g., coastal development, environmental stressors) which would
lead to further population decline but are difficult to address at local scale. In contrast, if foodprovisioning is stopped (without any other additional conservation measure), the population is
still likely to decline but at a slower rate. As previously proposed (Manlik et al. 2016; Smith et
al. 2016), management actions designed to increase reproductive success should be prioritized
in Bunbury to ensure the long-term survival of the population. Our study also showed how
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catastrophic environmental events augment the effects of human disturbance. These results
further support the need for immediate action towards minimizing anthropogenic disturbances
that have negative impacts on the dolphin population and are readily manageable. The negative
effect of food-provisioning is, at present, the only and most significant quantified threat to
female reproductive success and since the local economy relies on the access to a healthy and
viable dolphin population to sustain their tourism industry, it should be sufficiently addressed.
This is the first study that quantifies the correlation between food-provisioning and the viability
of a free-ranging dolphin population. This study shows that food-provisioning, that may be
perceived harmless, is linked to a measurable fitness cost that increases the risk of extinction
of a local top predator population and exacerbate the impact of cumulative stressors.
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Close encounters of the dolphin kind: contrasting tourist
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7

Close encounters of the dolphin kind: contrasting tourist support for
feeding based interactions with concern for dolphin welfare.

7.1

Abstract

The tourism demand for close interactions with wildlife has increased in the last few
decades. At the same time, public concern for animal welfare has also increased. Tourists are
drawn to the thrill of close encounters with charismatic wildlife in their natural setting which
depend on the reliability of wildlife being in a certain place at a given time. Food-provisioning
is a form of operant conditioning that uses food rewards to attract wildlife, promoting spatially
and temporally reliable wildlife encounters that satisfy the desire for close encounters with
wildlife. However, a range of effects counter to wildlife welfare and conservation may result
from both the provisioning and close encounters. Our study examines visitors’ attitude and
support towards regulated provisioning and identifies a gap between visitors’ desire for closeup encounters, their concern for dolphin welfare and the documented negative impacts of close
encounters and food-provisioning.
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7.2

Introduction

The human fascination with wildlife has led to an increased demand for close
encounters with wild animals (Carr & Broom 2018), with interactions with charismatic
megafauna (such as dolphins) being particularly desirable (Fraser et al. 2006). Tourism focused
on wildlife generates an estimated annual global revenue of US$47-$155 billion (Rodger,
Moore, & Newsome, 2007; Burgin & Hardiman, 2015; Moorhouse, D’Cruze, & Macdonald,
2017). Given its significant monetary value, wildlife tourism is commonly cited as a means for
promoting in situ conservation (Catlin et al. 2013; Newsome & Hughes 2016). However,
wildlife tourism can have negative impacts on the targeted wildlife population (Lusseau &
Bejder 2007; Christiansen et al. 2013; Senigaglia et al. 2016a), in particular where close
interactions with wildlife, such as swimming, feeding and touching, are involved (Mann et al.
2000; Samuels et al. 2000; Orams 2002; Christiansen et al. 2016b). Understanding the
relationship between tourism and animal welfare is a crucial component to effective
management of wildlife populations that are the focus of tourism experiences (Rodger et al.
2007).

The use of food rewards to mediate human-wildlife interactions (food-provisioning)
can be controversial. This practice can be unregulated or regulated via government issued
permits (e.g. both occurring in Australia), and involves a wide range of species, terrestrial and
marine alike, such as large carnivores (Burns & Howard 2003; Cozzi et al. 2016), dolphins
(Mann et al. 2000; Bejder & Samuels 2002), reptiles (Dubois & Fraser 2013) and fish (Rodger
et al. 2007; Clua et al. 2010). In some instances, provisioning can enhance reproductive success
of the targeted wildlife in times of limited natural resources e.g. black bears, Ursus americanus,
and ungulates spp. have improved nutritional status and reproductive success thanks to
supplemental feeding (Dunkley Cattet,M.R.L. 2003; Dubois & Fraser 2013). However,
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provisioning and related interactions can compromise animal welfare and have long-term
consequences at the population level (Orams 2002). Food-provisioning of wild dolphins, in
particular, has been linked to changes in activity patterns (Cunningham-Smith et al. 2006),
increased aggression (Alves et al. 2013) and decreased reproductive success (Foroughirad &
Mann 2013). Moreover, food-provisioning promotes maladaptive dolphin behaviours such as
fishing line depredation and begging (Powell & Wells 2011; Donaldson et al. 2012b) , which,
in turn, can increase the risks of boat collision and fishing gear entanglements (Donaldson et
al. 2010; Christiansen et al. 2016b). Provisioned females in Bunbury suffer from decreased
reproductive success and begging behaviour has been recorded at higher frequency in dolphins
fed at the beach (Senigaglia et al. 2019).

Tourists’ perceptions of the effects of their actions on wildlife is influenced by personal
knowledge and experience (Amante-Helweg 1996; Catlin et al. 2013) and may not align with
the actual ecological consequences of tourism. For example, tourists can be willing to pay a
higher fee to maintain the close proximity to the animals, despite potential negative impacts on
the individuals (Bach and Burton 2017). Similar findings have been reported with regards to
provisioning of wild river dolphins (Inia geoffrensis) in Brazil, where the local community
recognizes the need for protecting the botos (river dolphins), but mostly considers the practice
of artificial feeding beneficial for the animals despite scientific evidence to the contrary (Alves
et al. 2013).

Understanding human impacts on dolphin welfare can be difficult because the effects
tend to be complex and multifaceted, with indirect repercussions on social behaviour and
maternal care not immediately observable by the tourists. Moreover, there is commonly a
general lack of tourist knowledge on threats to cetaceans and their conservation status (Naylor
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and Parsons 2018). While some tourists might be unaware of the impact of a given activity
(Moorhouse et al. 2017), others might modify their views to justify the contrast between the
immediate satisfaction of their personal desire and the ethical implications of the activity in
which they are engaged (Sezer et al. 2015). The modification of personal viewpoints may occur
because close encounters with wildlife can have immediate physiological, psychological and
social benefits to people (Higham & Lück 2008). Feeding, in particular, is related to nurturing,
and is a reflection of a desire for a connection with wildlife, similar to that with domesticated
species (Curtin 2005; Dubois & Fraser 2013). Also, tourists might find an activity acceptable
simply because it is regulated by an authority, irrespective of the impact (Moorhouse et al.
2017).

This paper focuses on visitor attitudes and perceptions of regulated wild dolphin
interaction activities in the City of Bunbury, Western Australia. Here, a not-for-profit
organization, the Dolphin Discovery Centre (DDC), conducts a government regulated dolphin
provisioning program and offers a beach based interaction with dolphins, boat based dolphinwatching (called eco-cruises) and dolphin tours that offer in-water interactions (e.g. swim with
dolphins). Food-provisioning in the region began in 1989 and takes advantage of the foraging
habits of dolphins which regularly feed in the shallow waters in front of the DDC. This resident
and small population of Indo-Pacific bottlenose dolphin (Tursiops aduncus) (N < 250
individuals) is characterized by seasonal variation in abundance and reproduction (Smith et al.
2016; Sprogis et al. 2016a). However, the viability of this population appears to be
compromised due to low reproductive success (Manlik et al. 2016). Our study addressed
whether i) Do visitors with no previous experience of dolphin feeding (novices) support
feeding or perceive beach interactions as more important when compared with the responses
of experienced visitors? ii) Do visitors that interacted with dolphins at the beach have different
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attitudes and perceptions (aka support and importance) regarding the dolphin interactions from
those who did not? iii) is awareness of feeding associated with a positive attitude of visitors
toward food-provisioning? We also explored whether the desire for a close encounter was
positively correlated with concern for dolphin welfare, especially as visitors may not be aware
that these two positions can be in contradiction.

7.3

Methods

7.3.1 Study location
The Dolphin Discovery Centre is located at Koombana Bay in Bunbury, Western
Australia (33.3208° S, 115.6498° E). The stated intent of the DDC is to promote public
awareness and conservation of the local dolphin population, which it attempts to do through
the use of aquarium exhibits and guided activities, including swimming with dolphins (swimwith), boat based tours and a beach-based dolphin interaction experience. The dolphin
interaction experience is conducted on the beach in front (North-East) of the centre in an area
called the Interaction Zone (INZ). When a dolphin approaches the INZ, a volunteer from the
centre rings a bell to advise the visitors to come to the interaction area. In the INZ, visitors can
stand knee deep in the water while the dolphins are present in close proximity. Volunteers stand
in line with the visitors to provide information on the dolphins and answer visitor questions.
The dolphin feeding permit dictates discretion with food-provisioning. Consequently, the
volunteers feed the dolphins in such a way as not to draw visitor attention to the practice. The
duration of interactions can vary. Usually, a dolphin is fed within 20 minutes of its arrival in
the INZ, and the interaction ends when the dolphin or the visitors leave. The regulatory permit
stipulates that dolphins can only be fed a maximum of 500gr per day, between 8 am and 12
pm, and only by a trained volunteer of the centre. Tourists are not allowed to feed or touch the
dolphins (for a detailed description see Mann, Senigaglia, Jacoby, & Bejder, 2018).
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7.3.2 Data collection
7.3.2.1 Visitor Survey
The survey of onsite visitors at the DDC included a fixed item questionnaire mostly
using five-point Likert-type scales. Likert-type scales are commonly used in social surveys, as
they allow a large amount of data to be collected in a limited time frame and can quantify and
compare responses along a continuum scale (Agresti 2002). The questionnaire included three
sections: 1) rating the importance of various aspects of the DDC experience and individual
attitude towards dolphin feeding; 2) rating the importance of aspects of the beach interaction
experience specifically, and concern for dolphin welfare; 3) demographic questions. In the
questionnaire, we differentiated between managed (conducted under government permit)
feeding and unmanaged (illegal) occurrences of feeding by members of the public. The term
beach interaction is used by DDC to describe the managed feeding that they conduct, so we
used the same terminology to avoid confusion among the respondents who might not be aware
that the beach interactions involve dolphin feeding. Respondents who did not take part in the
beach interaction were not required to answer the beach interaction related questions. A copy
of the questionnaire distributed to visitors is provided in Appendix E.

The principal author and four trained research assistants distributed self-complete, hard
copy questionnaires to individuals over 18 years old at the DDC. Questionnaires were
distributed during weekdays and weekends in the Austral summer between 15th of December
2017 and the 5th of March 2018, corresponding to the area’s peak tourist season (DDC
unpublished report). To maximize the chance of surveying participants in dolphin feeding
events, visitors were approached between 8am and 1pm, since the legal feeding period is 8 am
– 12 pm. Our sampling techniques were aimed at maximizing the number of visitors to
complete the survey, and we approached visitors across several locations at the DDC (café,
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beach and exhibition area; Figure 7.1). Visitors were approached at the café area immediately
after a beach interaction and/or swim-with tours, where seats and tables were available and
provided a certain level of comfort for in filling in the questionnaire. Visitors were also
approached while walking through the aquarium exhibits or on the beach. On completion, the
questionnaires were returned directly to the researchers or to DDC staff. During the survey
period, we approached 619 visitors, 514 of which returned a completed useable questionnaire
(83% response rate).

Western
Australia
Perth
Bunbury

Leschenault estuary

150 m

Provisioning area
40 m

Koombana Bay

DDC

Figure 7.1 Map of Bunbury, Western Australia, with the relative position of the Dolphin
Discovery Centre (DDC) and a schematic map of DDC highlighting the areas where
questionnaires were distributed. Top left insert: Map of Australia indicating the location of the
Bunbury study area
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7.3.3 Data analyses
Survey data were analysed using the R v3.4.2 statistical analysis software package (R
Core Team 2017), and included a cluster analyses to identify any respondent cohorts,
proportional odds logistic regression to model respondents’ attitude towards dolphin feeding,
and a correlation analysis to explore the relationship between the value placed on animal
welfare and close encounters.

7.3.3.1 Respondent cluster analyses
We performed a cluster analysis on a subset of respondent variables including gender,
age, country of origin and specific activities experienced at the DDC. We used the PAM
(Partitioning Around Medoids) function in the R package “cluster” (Maechler et al. 2007; R
Core Team 2017). This clustering technique estimates k number of clusters characterized by a
medoid, which is the most central point within the cluster, and seeks to minimize the sum of
dissimilarities of observations to their closest medoid (Gecchele et al. 2011). Visual
representation of the cluster analyses was done using silhouette plot. The mean silhouette width
is a measure of the average distance between clusters, provides validation of the clustering
accuracy, and was used to select the most suitable number of clusters (Pison et al. 1999).
Silhouette width can range from -1 to +1, with values towards one corresponding to well
clustered objects, and values towards 0 indicating an object lies between two clusters. Negative
values refer to observations likely placed in the wrong cluster, since the dissimilarity between
the observation and its neighbouring cluster will be smaller than the average dissimilarity
between the observation and the other points of the cluster to which it belongs (Rousseeuw
1987).
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7.3.3.2 Attitude towards managed dolphin feeding and importance of beach interactions
Survey responses were analysed using proportional odds logistic regression (POLR),
performed using the package MASS in R (Ripley 2002). POLR assumes an underlying,
unobserved continuous response variable given the observed discrete outcome variable, and
that the effect of a predictor is the same across each category (Agresti 2002). Respondents’
support of the managed dolphin feeding and the importance placed by the visitors on the beach
interaction were modelled in relation to visitors’ awareness of the feeding program,
participation at the beach interaction and previous experience of dolphin feeding at other sites.
Model assumptions were checked using Brant and Chi-sq tests (Fox & Weisberg 2011). Model
selection and Akaike weights were assessed using Quasi Akaike’s Information Criterion
(QAIC), to account for mild overdispersion (Anderson & Burnham 1994). QAIC and model
averaging was calculated using the R package MuMIn (Barton 2015).

7.3.3.3 Importance of dolphin welfare
Visitors were asked to rate the importance they placed on dolphin welfare and the
importance of close distance from the dolphins during beach interactions on a five point scale
from very unimportant (1) to very important (5). The correlation between importance of
dolphin welfare and distance from the dolphins was tested using Goodman-Kruskal gamma for
ordered nominal variables. Goodman-Kruskal gamma provides a measure of association
between two ordered variables based on the number of concordant and discordant pairs. Values
of gamma range between -1 and 1 with 0 corresponding to absence of association, 1 to perfect
positive association and -1 to perfect negative association (Goodman & Kruskal 1954; Agresti
2002). Goodman-Kruskal gamma was calculated using the package MESS in R (Ekstrøm
2018).
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7.4

Results

Numbers of responses for each survey question varied. The average age of the
respondents was 42.2 years (min= 18, max= 83, n= 447), with just over a half being Australian
residents (52.2%) and about a third international visitors (35.9%), while 12% of the
respondents did not disclose their place of residence. In 67 survey days, 346 respondents
participated in a total of 39 different beach based dolphin interactions. The majority of all
respondents were first time visitors to the DDC (n= 363), and roughly a third were aware that
the DDC conducts a food-provisioning program (n= 161). Approximately 22% (n= 111) of the
498 respondents answering the latter question had previously participated in dolphin feeding
experiences elsewhere, mostly in Australia. Among the respondents, direct and indirect dolphin
experiences (including swimming, feeding and watching) were rated on the questionnaire as
“highly important” in the choice of visiting Bunbury (Figure 7.2).

Figure 7.2 The boxplot shows the relative importance of dolphins feeding and other features,
in the choice of visiting Bunbury. Importance scale from 1 (not important) to 5 (very important)
with 3 indicating neutrality.
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7.4.1 Cluster analyses
PAM analyses did not show meaningful clustering of respondents. Visual examination
of the silhouette plot (Figure 7.3) and the mean silhouette value (0.24) also confirmed that
observations were homogeneous across the sample. This means that the survey respondent
sample presented a single consistent group based on a range of respondent variables in terms
of age, gender and place of residence.
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Figure 7.3 Silhouette plot of cluster analyses using Partitioning Around Medoids (PAM)
clustering method. The two silhouettes represent the two clusters. The average silhouette width
is provided along with n= total number of observations and nj= number of observations per
cluster. Weak clusters have lower silhouette width and observations with negative silhouette
values are considered misrepresented by the cluster. The two components explain a very
limited percentage of the observations variability, showing weak clusters and therefore
homogeneous data
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7.4.2 Modelling support of dolphin feeding and importance of beach experience
In general, more than half of all respondents were supportive or very supportive of regulated
feeding (56% combined, Table 7.1), while most did not support unregulated feeding (61.1%
very unsupportive or unsupportive, Table 7.1). The dolphin interaction at the beach was rated
by respondents as being relatively more important than other guided activities (e.g. swim
encounter and the Eco-cruises; Table 7.2).

Table 7.1 Overall respondents support for dolphin feeding. Values represent the total number
of responses per category (percentages are provided within parentheses).
Very unsupportive

Unsupportive

Neutral

Supportive

Very supportive

Regulated feeding

23 (4.7)

25 (5)

168 (34.2)

108 (22)

167 (34)

Unregulated feeding

202 (41.3)

97 (19.3)

126 (25.8)

36 (7.4)

28 (5.7)

Table 7.2 Importance of beach interactions, that involve dolphins feeding, among visitors of
the Dolphin Discovery in relation to other activities available at the centre. Values represent
the total number of responses per category (percentages are provided within brackets).
Very unimportant Not important

Neutral

Important

Very important

Visiting the DDC exhibition 17 (3.8)

18 (4)

92 (20.9) 144 (32.7) 169 (38.4)

Dolphin interaction zone

18 (4.2)

7 (1.6)

35 (7.9)

78 (17.7)

292 (66.3)

Swim encounter/Eco-cruise

24 (7.6)

19 (6)

69 (21.8) 58 (18.3)

146 (46.2)

In exploring the attitude of visitors towards managed dolphin feeding, the most
parsimonious model according to QAIC values included previous awareness of this practice as
the sole predictor of higher support (model 1, Table 7.3). However, the intercept-only model
(model 3, Table 7.3) and models including previous experience in dolphin feeding (model 4,
Table 7.3), and participation in a dolphin interaction at the DDC that included feeding (model
2, Table 7.3) also had high weight and DAIC values less than 2.

160

Table 7.3 Model selection results of proportional odds regression models of visitor attitude
towards managed dolphin feeding (support) as a function of awareness that the practice is
carried out (aware), previous experience at other sites conducting dolphin feeding (other) and
participation at the dolphin interaction during which feeding is conducted
(dolphin_interaction). QAIC values are provided with ∆QAIC (difference in QAIC values
compared to the most parsimonious model) and wi (model weights).

Variables

QAIC

∆AIC

wi

1

support ~ aware

485.7

0.00

0.329

2

support ~ dolphin_interaction + aware

487.1

1.35

0.167

3

support ~ 1

487.4

1.67

0.142

4

support ~ other + aware

487.7

1.94

0.124

5

support ~ dolphin_interaction

488.4

2.73

0.083

6

support ~ other+dolphin_interaction + aware

489.0

3.28

0.063

7

support ~ other

489.2

3.52

0. 056

8

support ~ other+dolphin_interaction

490.0

4.55

0.034

Model
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Model averaging across the four models with the greatest weight revealed that dolphin
feeding awareness was the most influential variable (Table 7.4, Figure 7.4). Using the model
averaged coefficients, visitors were almost twice as likely to give high support to managed
feeding if they were already aware that it occurs (OR=1.75; 95% CI= 1.2, 2.4). However,
visitors who participated in other wildlife feeding experience and/or participated in the dolphin
interaction at the DDC, did not differ in their support for the activity (OR= 1.08, 95% CI= 0.7,
1.6 and OR= 1.27, 95% CI= 0.8, 1.8, respectively).

Table 7.4 Parameters’ coefficient estimates from model averaging. N= number of models
containing the parameter. Importance= relative importance values derived by the sum of the
Akaike weights of the models where parameters appear. SE= standard errors from model
averaging, adjusted for overdispersion
Parameter

Model-averaged coefficient

SE

z-values

p

Importance

N

aware

0.55

0.18

2.96

0.003

0.99

3

dolphin_interaction

0.09

0.15

0.56

0.571

0.38

1

other

0.01

0.08

0.15

0.879

0.17

1
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Figure 7.4 Stacked area effect plot of the relationship between respondent support for
managed dolphin feeding and selected predictors, namely awareness of the feeding program,
previous experience of wildlife provisioning (others) and participation at the beach interaction
(dolphin_interaction). Categories of support range from 1 (very unsupportive) to 5 (very
supportive) with 3 indicating neutrality
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Overall, visitors considered the beach experience a very important component of their
visit at the DDC (n= 292, 66.3%). When directly asked whether they would have visited the
centre if this experience was not offered, respondents were fairly evenly divided between those
who would have likely visited regardless (n= 118, 39%), those who wouldn’t (n= 90, 30%) and
those who were unsure (n= 93, 30.9%). In regards to the importance of the beach interaction,
the most parsimonious model included participation in the beach experience as the unique
predictor (model 1, Table 7.5). Models including previous experience of dolphin interactions
(model 2, , Table 7.5) and awareness of feeding (model 3, Table 7.5) had a ∆AIC < 2, indicating
that they were indistinguishable from the most parsimonious model.
Table 7.5 Model selection results of proportional odds regression models of visitor perception
of managed dolphin feeding (importance) as a function of awareness that the practice is
carried out (aware), previous experience at other sites conducting dolphin feeding (other) and
participation at the dolphin interaction during which feeding is conducted
(dolphin_interaction). QAIC values are provided with ∆QAIC (difference in QAIC values
compared to the most parsimonious model) and wi (model weights).
Model

Variables

QAIC

∆AIC

wi

1

importance ~ dolphin_interaction

361.53

0.00

0.49

2

importance ~other+dolphin_interaction

363.00

1.46

0.23

3

importance ~ dolphin_interaction + aware

363.53

1.99

0.18

4

importance ~ other+dolphin_interaction + aware

365.00

3.46

0.08

5

importance ~ 1

376.84

15.31

<0.000

6

importance ~ other

377.93

16.40

<0.000

7

importance ~ aware

378.56

17.02

<0.000

8

importance ~ other + aware

379.57

18.04

<0.000
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Model averaging across these models revealed that participation at the beach
interaction was the most influential predictor of high importance (Table 7.6, Figure 7.5), with
these visitors being almost four times more likely to score the beach interaction as very
important compared to those who did not have that experience (OR= 4.2; 95% CI= 2.5, 6.9).
However, individuals who had previously participated in dolphin feeding experiences at other
locations, and visitors who were aware of the feeding were just as likely to consider the beach
interaction important as visitors without prior experience or who weren’t aware of the practice
(OR= 0.7, 95% CI= 0.4, 1.2 and OR = 1, 95% CI= 0.6, 1.6, respectively).

Table 7.6 Parameters’ coefficient estimates from model averaging. N= number of models
containing the parameter. Importance= relative importance values derived by the sum of the
Akaike weights of the models where parameters appear. SE= standard errors from model
averaging, adjusted for overdispersion.
Model-averaged coefficient

SE

z-values

p

Importance

N

dolphin_interaction

1.441

0.25

5.72

<0.000

1

3

other

-0.082

0.19

0.42

0.669

0.30

1

aware

-0.001

0.10

0.01

0.991

0.18

1

Parameter
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Figure 7.5 Stacked area effect plot of perceived importance of managed dolphin feeding among
only visitors who participated at the beach interaction. The graph shows the relationship
between importance of dolphin feeding and selected predictors, namely awareness of the
feeding program, previous experience of wildlife provisioning (other) and participation at the
beach interaction
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7.4.3 Importance of dolphin welfare
In general, respondents placed a high value on dolphin welfare, with 90% of the visitors
who participated in a beach interaction stating that not causing harm to the dolphins was either
important or very important. An equally high proportion of respondents (82.5%) indicated that
close distance from the dolphins was either important or very important, with 72.6% of
interactions happening at a distance of less than 3 m from the visitors. The Goodman-Kruskal
gamma showed a significant positive relationship between the importance that respondents
placed on the welfare of the dolphins and the importance they placed on close-encounters (i.e.,
distance from the dolphins during the beach interaction) (γ = 0.83; p < 0.0001).

7.5

Discussion

Our survey had a high response rate, and the cluster analysis revealed a homogeneous
pool of respondent type across different demographics and between those who participated in
the beach interaction and those who did not. While we acknowledge the presence of a social
desirability bias, in which respondents give their preferences according to what they think the
answer should be, in accordance with Vogt ( 2007) we assumed that respondents gave
meaningful answers after agreeing to complete the survey. Results from our survey show that
visitors tend to support government regulated food-provisioning (as opposed to illegal
provisioning) and rated the beach interaction as particularly important, especially if they
participated in it (Table 7.2). The beach interaction implies a feeding practice that supposedly
conditions the dolphin to visit the interaction zone and “interact” with tourists (although by
interaction we do not imply physical contact, such as touching, etc.). Thus, by supporting the
beach interaction, visitors directly or inadvertently give support to food-provisioning
(depending on whether or not they are aware of the feeding). Tourists who participated in the
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beach interaction also rated the welfare of the dolphins as very important, suggesting a disparity
between what tourists desire in terms of the experience versus the concern for dolphin welfare.
Alternatively, tourists may not be aware that provisioning can have a negative impact on the
dolphins, or infer that by virtue of being a legal activity, the dolphin feeding conducted by the
DDC does not harm the dolphins. In both cases, the visitors concern for dolphin welfare
contrasts with the practice of dolphin feeding.

The dolphin feeding permit dictates discretion regarding food-provisioning and that it
cannot be used to promote the experience to tourists (Chapter 1). As such, food-provisioning
during the beach experience is conducted discretely and the majority of respondents (67.8%)
were not aware it occurred at the DDC. However, those who were aware that food-provisioning
took place were almost twice as likely to support the practice. This suggests that the foodprovisioning of dolphins in this context fosters further support of the practice, either because
of familiarity or simply because of its legal and regulated nature (Moorhouse et al. 2017). While
visitors who approve of dolphin feeding might be more likely to re-engage in such activity and
visits the DDC multiple times, most of the respondents ( > 70%) were first time visitors and,
since the centre is not allowed to promote the feeding practice, it is unlikely for first time
visitors to be aware of the feeding prior to the experience.

Respondents also consider the beach interaction experience to be very important. The
four fold increase in importance of beach interactions among participating visitors is perhaps
not surprising given the nature of the sampled population (visitors of a dolphin centre).
However, it could also suggest a strong immediate emotional response that could influence the
perceived importance of the experience. Strong emotional responses to a wildlife experience
are common, but their influence on the perceived importance of the experience itself might be
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short lived given that visitors who participated in other feeding experiences placed the same
importance upon it as those who had not. If emotional responses are not coupled with
environmental awareness that is retained over a longer period of time, the educational
component of wildlife experience becomes essentially useless (Ballantyne et al. 2011). Thus,
the benefits of the experience (in our case food-provisioning) do not counteract its ecological
impact. A short-term response to food-provisioning is in line with previous research on the
effectiveness of the educational component of wildlife tourism, which found that the
experience is likely to become less relevant with time as the emotional response fades (Zeppel
& Muloin 2008; Hughes et al. 2011).

Our results also indicate that respondents who participated in the beach interaction
thought that close encounters with the dolphins and dolphin welfare to be of high importance.
The more important dolphin welfare was considered, the closer respondents wanted to be to
the dolphins. However, while close interactions and food-provisioning can emotionally benefit
the people involved (Cox & Gaston 2018), wildlife welfare may be compromised. Wildlife
welfare includes, but is not limited to, the freedom to perform natural behaviours, maintain
good health, and carry out reproductive and maternal functions (Carr & Broom 2018). Dolphin
feeding is in conflict with these freedoms, as it negatively affects dolphin behavioural patterns
and impacts reproductive success and calf survival (Mann et al. 1998; Alves et al. 2013;
Christiansen et al. 2016; Senigaglia et al. 2019). In our survey, respondents placed high value
on the dolphins’ welfare, as expected by visitors of a dolphin centre, but also on close
interactions when on the DDC’s beach. If visitors who participated at the beach interaction
were aware of its potential impact, they essentially choose to trade off animal welfare for a
more “personal” experience. This trade off suggests a certain degree of detachment between
the will to protect and respect a wild animal (e.g. the dolphins) and the desire for an interaction
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similar to those that occur with domesticated animals. Alternatively, if the visitors were
unaware of the potential impact of food-provisioning, it means that the educational component
of the food-provisioning experience should be considered ineffective in providing information
on the negative risks of close interactions and feeding wild dolphins. Both cases highlight the
need of better interpretation and education.

Another possible reason for the importance of close interactions is the need of tangible
proof (i.e., photos) of its occurrence. Carr & Broom (2018) highlight how proof of experience
is necessary to cash in on social capital, and that the “selfies mania” requires extremely close
interactions with wildlife. Twenty years ago, a clear photo of a dolphin was impressive, now
an intimate close-up with a dolphin is desired. This may be due to tourists’ unrealistically high
expectations of touching and feeding wild animals (Higginbottom et al. 2003), either resulting
from, or intensified by, tourism marketing and advertisement. The DDC makes ample use of
photographic and video material to advertise the beach interactions on social media (DDC
Facebook, accessed on 5- Feb- 2019), thus creating an appetite for, and expectation of, close
interactions. In contrast, feeding and its negative effects are not mentioned, and this
information is rarely presented to the visitors during beach interactions.

Visitor demand for close interactions with dolphins contrasts with the visitor concern
for dolphin welfare, and arguably, runs counter to sustainability principles of eco-tourism. In
fact, while visitors are still exposed to important conservation messages, among those who are
aware of the practice, food-provisioning seems to encourage support for food-provisioning,
possibly affecting visitors’ view that provisioning is acceptable simply because it occurs. This
self-promoting and self-sustaining mechanism of food-provisioning leads to a counter

170

education in terms of environmental awareness and dolphin conservation, promoting an
activity that has proven negative ecological impact.

The contradiction between visitors support for food-provisioning and close encounters
with dolphins and the documented ecological impact is common in food-provisioning
programs in Australia and around the world (Chapter 4, Mann et al. 2000). For instance, in
Monkey Mia visitors were deeply concerned for the dolphin welfare, while happy to pay a
higher fee to maintain proximity to the dolphins (Bach & Burton 2017). Similarly, in Novo
Airao, Brazil, locals feel strongly about dolphin conservation, but support dolphin feeding as
advantageous for the animals despite evidence of increased aggression and injuries in
provisioned dolphins (Alves et al. 2013). Visitors and Novo Airao residents might not directly
experience the negative welfare implications of food-provisioning, or have them adequately
explained as part of the educational message that should be delivered with the feeding
experience. Thus, even regulated food-provisioning may promote a view of wildlife that is not
aligned with the implications for welfare and conservation, but that reinforces the notion of
wildlife encounters in a domesticated setting (Cox & Gaston 2018). It seems that a balance
must be struck between enabling wildlife encounters to promote conservation, and education
to increase knowledge of the consequences of close encounters and food-provisioning on
wildlife welfare (Powell & Ham 2008). Previous studies suggest that clearly articulating the
impact of food-provisioning on dolphins could raise tourists awareness, decreasing occurrence
of inappropriate behaviours (such as touching the dolphins) and helping to manage the tension
between the desire for close encounters and concern for dolphin welfare (Orams & Hill 1998;
Bach & Burton 2017).
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7.6

Conclusions

The results of this study demonstrate tensions between visitors’ desire for close-up
encounters, their concern for dolphin welfare and the documented negative impacts of close
encounters and food-provisioning. Moreover, it appears that awareness of regulated wild
dolphin food-provisioning experiences is associated with stronger support for dolphin
provisioning. Direct visitor experience of the beach interaction also magnified the support for
such activities, suggesting a reinforcing relationship. The managed dolphin feeding conducted
at the DDC appears to promote acceptability of a practice that, despite being strictly managed
and regulated, is detrimental to the long-term welfare of the dolphin population (Senigaglia et
al. 2019). This presents a conundrum where a conscientious tourism operation’s business
model relies upon carefully managed and regulated practices that promote dolphin welfare and
conservation, but that may also have detrimental long term impacts on the very species they
rely upon for business and are seeking to conserve.

Wildlife tourism is an important component of the touristic offer in Bunbury (South
West Development Commission - SWDC 2015) and it is likely that a negative impact on the
dolphin population could affect not just the operation itself but tourism to the surrounding area.
Managing wildlife tourism requires balancing the desire of tourists for close encounters with
wildlife and ensuring the long-term sustainability of the wildlife population. We envisioned
two possible management scenarios and their likely repercussions. If the dolphin provisioning
program was to be terminated, it is possible that the dolphins would not spend as much time or
come as close to visitors in the interaction area. With reduced opportunities for close
encounters with wildlife, the DDC, and possibly the wider region could likely experience a
decline in visitation and associated local benefits from tourism. If the provisioning program
continues, the documented negative impacts on the dolphins might persist, raising questions
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regarding the long term viability of the local dolphin population. While it might not be possible
to solve the tension between tourists’ desires for close interaction and their concern for welfare,
education can play a role in raising awareness regarding the negative impact of foodprovisioning so to ensure the viability of both eco-tourism and wildlife.
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Chapter 8

Conclusions and Management recommendations

Key and Note
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Do. Or do not. There is no try.
Yoda
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8

Conclusion

This thesis describes the complex socio-ecological system in which food-provisioning
of Indo-Pacific bottlenose dolphins (Tursiops aduncus) in Bunbury, Western Australia (WA)
is embedded. In assessing the effects of food-provisioning, I applied and modified a
commonly-used conceptual framework (Population Consequences of Disturbance; PCoD)
originally developed to assess population-level effects of non-lethal disturbance on wildlife
(National Research Council 2005; Pirotta et al. 2018). Specifically, I applied the PCoD
framework to food-provisioning and I placed it in the context of multiple disturbance factors.
The diagram showed in figure 8.1 is modified from Nowacek et al. (2016) and was originally
developed to provide an understanding of the mechanistic pathways of how non-lethal
disturbances can cause population-level impacts (NRC 2005). The modified diagram depicts
the mechanistic links between food-provisioning and population dynamics. Specifically, the
diagram provides an overview of how food-provisioning could affect population dynamics
through changes in behavioural budgets and the social environment of dolphins. The diagram
also highlights that population dynamics are affected by non-human factors (e.g.,
environmental stochasticity). Finally, this modified framework recognises the importance of
the human dimension associated with the food-provisioning, including the social values and
visitors support as well as the influence of management actions undertaken to regulate this
activity. Following this framework, in Chapter 2, I provided an overview of the historical
context and current management framework of food-provisioning in Bunbury and compared it
to the food-provisioning program offered in Monkey Mia, WA (Mann et al. 2018). I then
assessed the degree of dependency of individual bottlenose dolphins on food-provisioning and
the effect of reproductive status on provisioning rates (Senigaglia and Bejder, in review;
Chapter 3). An evaluation of short- and long-term impacts of provisioning on individual
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dolphins (Senigaglia et al. 2019) was presented in Chapters 4 and 5. The relevance of the foodprovisioning impact and the potential impact of multiple stressors on population dynamics was
explored in Chapter 6. In Chapter 7, I explored the support of tourists for food-provisioning
and documented a discrepancy between tourists’ concerns for dolphin welfare and their desire
for close-up interactions (Senigaglia et al. 2020). Finally, in this concluding chapter, I place
my research findings in the context of alternative management options for the Bunbury dolphin
food-provisioning program and discuss the trade-offs between various conservation and
management actions.

Figure 8.1 Conceptual framework of how food-provisioning might cause population-level
effect on Indo-Pacific bottlenose dolphins in Bunbury, WA.
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8.1

Ecological impacts of food-provisioning

This research provides compelling evidence that the practice of food-provisioning
conducted by the Bunbury Dolphin Discovery Centre is associated with lower reproductive
success and behavioural changes affecting the local dolphin population. Consequences of foodprovisioning on individual dolphins were quantified over short and long-term periods and were
found to have the potential to affect population dynamics. I documented a significant
association of food-provisioning on dolphin fitness, with provisioned females suffering from
reduced reproductive success because of their offspring having lower survival rates than their
non-provisioned counter-parts. These findings are consistent with findings from Monkey Mia,
WA (Mann et al. 2000, 2018; Foroughirad & Mann 2013). However, in contrast to findings
from Monkey Mia, calves from provisioned females in Bunbury, calves from provisioned
females in Bunbury spent a similar amount of time in baby position as their non-provisioned
counterpart. Instead, I hypothesize that the mechanistic pathway linking food-provisioning to
the long-term effects on individual vital rates are related to modifications in the social
environment of the provisioned animals (Figure 8.1). Specifically, I documented that the
practice of food-provisioning is associated with changes in their social environment and early
experiences of calves from provisioned mothers which, in turn, could impact on their
development and decrease their chances of survival.

Provisioned females (Senigaglia et al., in press) showed a propensity to seek food from
humans (i.e., food-provisioning) during two sensitive phases in their reproductive cycle
(pregnancy and lactation), for both the females and their calves (Chapter 2). Early exposure of
calves to the food-provisioning practice might condition them to associate human presence
with food-rewards. A decreased wariness towards human activities could increase the risk of
entanglements and injuries (Powell & Wells 2011; Christiansen et al. 2016b) while the smaller
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group size in which provisioned animals are more frequently encountered (Chapter 5), could
also increase the vulnerability of calves to predation. Moreover, a compromised social
environment during infancy, coupled with reduced time spent socialising, might hinder a calf’s
ability to form fitness-enhancing social bonds. The findings presented in Chapters 2 and 5 can
provide a likely explanation of the long-term fitness cost of provisioned animals (Chapter 4).
The impact of food-provisioning on individual dolphins does not, per se, translate into
population-level consequences. However, results from population viability analyses confirmed
previous forecast of a declining population primarily due to the limited number of reproductive
females (Manlik et al., 2016) and showed that the negative demographic changes associated
with food provisioning contributes to the projected decline of the population.

8.2

Impact of cumulative stressors

Food-provisioning is not the only disturbance potentially affecting the dolphin
population in Bunbury, which is also experiencing environmental stressors and other
anthropogenic disturbances. The Bunbury dolphin population can be considered genetically
isolated and is characterised by low genetic diversity (Manlik et al. 2019b, 2019a), which
makes it more susceptible to extinction risk due to inbreeding depression, environmental
stochasticity and human disturbance (Shaffer 1981; Lacy et al. 2017; Lacy 2019). By modelling
the effect of stochasticity and different anthropogenic disturbance on the population trajectory,
I highlighted that, while the dolphin population is susceptibility to unusual mortality events
(Chapter 6), they affect population viability to a lesser extent than food-provisioning. Disease
outbreaks affect cetacean populations globally and is a realistic threat for Bunbury dolphin
(Fernández et al. 2008; Raga et al. 2008; Wierucka et al. 2014; Kemper et al. 2016). The
decennial re-occurrence of morbillivirus in the Swan River and the recent confirmed case of
cetacean morbillivirus in Mandurah are a cause of concern for the viability of the dolphin
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population in Bunbury, located just 87 and 47 nautical miles South of Perth and Mandurah,
respectively (DBCA, 2019; Stephens et al., 2014; Stephens N. Pers. Comm.). Other source of
unusual mortality events, such as red tides, are rare in Western Australia but are likely to
increase in frequency and severity due to climate change (Fire et al. 2008; Gannon et al. 2009).
Extreme environmental fluctuations are also influenced by climate change and can impact
dolphins abundance and distribution indirectly by affecting prey availability (Sprogis et al.
2018b). Moreover, coastal dolphin populations are subjected to an array of human activities.
Bunbury is the fourth largest port in Western Australia and a popular destination for
recreational boaters (Australia Ports 2013). Dolphin-focused tourism, beyond provisioning, is
offered in Bunbury in the form of dolphin-watching and swim-with dolphins tours and, despite
not directly addressed in this study, can negatively affect the targeted animals (Arcangeli &
Crosti 2009; Senigaglia et al. 2016b; Higham et al. 2016). Significant coastal development is
also occurring in Bunbury and confirmed plans for expansions of the maritime facilities will
likely increase anthropogenic stressors on the dolphin population (South West Development
Commission - SWDC 2015, 2018). While disturbance should be assessed in the context of the
multiple present and future stressors that might affect the dolphin population, my results
highlight how the low frequency of unusual mortality events represent less of threat than the
low reproductive success associated to food-provisioning (Chapter 6). My results also
emphasize the need to adopt a precautionary management framework to reduce the number of
stressors, minimize the impact of those stressors that cannot be eliminated, and build long-term
resilience of the dolphin population in face of climate change. Long-term political commitment
and public support are fundamental to ensure efficacy of any conservation action (Dickman
2010; Osmond et al. 2010; Sodhi et al. 2011).
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8.3

Social support for food-provisioning and the shared value of dolphin welfare

Food-provisioning practice is not advertised by the Dolphin Discovery Centre as per
state-permit guidelines, thus some visitors might not be aware of practice. However, evidences
from my study support a certain degree of awareness of food-provisioning by the visitors of
the DDC (Chapter 7; Senigaglia et al. 2019). Awareness of food-provisioning and direct
participation in a beach interaction (during which dolphins are provisioned) was associated
with higher support, suggesting a possible reinforcing relationship. Visitors who participated
in a beach visitation interaction considered close-up interactions of particular importance.
However, this highlighted a gap between their desire for close-up interaction, their high
concern for dolphin welfare and the documented impact of food-provisioning on the dolphin
population. This discrepancy can stem from a conscious choice to trade off animal welfare for
a more “personal” experience or from a lack of visitors’ knowledge on the potential impact of
food-provisioning. It is well documented that the potential negative effects of tourism on
wildlife does not discourage tourists from participating in such activities, driven by an
hedonistic desire for enjoyment and entertainment (Lück & Porter 2018; Ziegler et al. 2018).
However, in my thesis I did not quantify visitors’ knowledge of the adverse effects of foodprovisioning and so I cannot exclude that they were simply unaware of the consequences of
feeding wild dolphins. I argue that in despite the reason, the dissonance between concern for
welfare and support for provisioning highlights the need of better interpretation and education
pertaining to the consequences of this practice. In its current form, the managed dolphin
provisioning conducted at the Dolphin Discovery Centre appears to promote acceptability of a
practice that carries significant impact on dolphin population (Senigaglia et al. 2019). At the
same time, the concern for dolphin welfare stated by questionnaire respondents, might translate
into support for further conservation actions. It is important to consider that food-provisioning
practice is embedded in a complex Socio-Ecological System (SES) with strong economic
181

interests and multiple stakeholders involved. In particular, three stakeholders share the
responsibility of protecting the Bunbury dolphin population, namely the Western Australian
state management agency (Department of Biodiversity, Conservation and Attractions DBCA), the local not-for-profit Organization (DDC) and the public. The information provided
in this thesis can guide relevant institutions in the development and implementation of
appropriate conservation measures to minimise the impact of human activities on the Bunbury
dolphin population.

8.4

Managerial and educational recommendations

Action speaks louder than words but not nearly as often.
Mark Twain

Given that the Bunbury dolphin population is exposed to multiple disturbances, a
holistic approach to conservation would be the most prudent. An integrated management (IM)
approach that factors in environmental, social and economic aspects, would allow to manage a
full range of values and interest in the Koombana Bay, Bunbury coastal region (Margerum &
Born 1995; Kelly et al. 2018). An IM might be the most appropriate managerial framework to
address the several vested stakeholders (business, government agencies, the public) and to
facilitate the different state government agencies to collaborate under their differing (and
sometimes contrasting) legal mandates. A similar approach was taken in Cockburn Sound,
Western Australia to protect the environmental values, facilitate multiple use of Cockburn
Sound and its foreshore and integrate marine and land management (Council 2005). Similarly,
an ecosystem-based management approach would allow to concurrently manage multiple
stressors and increase the resilience of the dolphin population to ensure its long-term viability
under increasing disturbance and uncertain environmental changes (Curtin & Prellezo 2010;
182

National Academies of Sciences, Engineering 2017). Preserving the local natural environment
while addressing the threat of climate change are listed as key priorities in the Bunbury’s
environmental plan (City of Bunbury 2019). However, the implementation of an ecosystembased management can take a longer time than what would be the most relevant at ecological
scale (Meek et al. 2011). In other words, the time required to achieve the optimum level of
habitat and species protection might be longer than what would be biologically relevant for the
population (i.e., management might be implemented too late for the population to be viable).
Moreover, the transboundary nature of threats such as climate change, ocean acidification, etc.,
implies that a single regional policy would not be sufficient to address such stressors. On the
other hand, local regulatory measures could curb the impact from the shipping industry (e.g.,
by implementing lower speed limits or reducing the number of container and cruise ships) or
prevent disease outbreaks (i.e. implementing a population-wide prophylactic program for the
dolphin population) but might require a significant economic investment and their
implementation might take several years (Figure 6.2). Thus, while ecosystem-based
management should represent the long-term aim of a conservation plan, the following shortand mid-term actions are proposed.
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Figure 6.3 Estimated timeline of management actions. Each management target has been
provided with an estimated year of implementation and the forecasted dolphin population size.
Estimated time to develop and deliver a population wide vaccination plan in Bunbury was
based on a similar program implemented in Hawaii for the endangered Hawaiian monk seals
(Monachus schauinslandi). Emission reductions in the shipping industry was based on targets
set by the International Maritime Organisation. Australian emission reduction timeline was
based on target set by the Australian government as part of the Paris Agreement undersigned
in 2016.
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8.4.1 Cessation of the food-provisioning program
Gradual steps to reduce and eventually cease the Bunbury food-provisioning program
should be undertaken, as there is now compelling evidence of its relation to lower reproductive
output of individuals and its contribution to the current population decline. The cessation of
the provisioning program would likely not affect the welfare of the provisioned dolphins due
to the limited amount of food provided during human-dolphins interactions. The behavioural
conditioning of provisioned animals might protract beyond the termination of the program but
would eventual disappear as has happened in other populations (Ansmann et al. 2012).
Similarly, the frequency and social facilitation of dolphin begging behaviour documented
towards recreational vessels will likely decrease. Moreover, while the food-provisioning
program constitutes a tourism attraction, it does not directly generate revenue (i.e., visitors do
not pay specifically to visit the beach and observe the food-provisioning and the foodprovisioning is not advertised or featured as part of the experience). Alternative solutions such
as further reducing the amount of food provisioned or limiting the number of dolphins fed by
the DDC, would likely not alleviate the negative implications of the practice. In fact, findings
from Chapter 5 suggest that the limited amount of food currently offered (~ 5% of daily
requirement), induces significant behavioural changes and leads to detrimental effects at the
population level.

On the other hand, ceasing a licensed food-provisioning program would represent a
unique case in Australia and an opportunity for the DDC to increase their sustainability profile.
By embracing scientific findings and collaborating with research and management, the DDC
would actively contributing to the long-term sustainability of the dolphin population.
Moreover, the cessation of food-provisioning would present an opportunity for the DDC to
resolve the contradictory message that they are currently giving to the public: “don’t feed wild
185

dolphins” while engaging in this practice themselves. Supporting one type of wildlife feeding
(managed food-provisioning) while actively discouraging another (unlicensed foodprovisioned), carries an intrinsic ethical dichotomy and sends a contradictory message on
whether food-provisioning is to be considered a positive or negative activity. A confusing
message can hinder compliance and defeat the purpose of the management strategy (Dubois &
Fraser 2013). Special permits for feeding wildlife represent exceptions to the rule that makes
the rule harder to enforce overall. For instance, the WA government unsuccessfully tried to
prosecute a tour operator for feeding Pelicans without a permit in the south of the state.
However, the operator highlighted that the government permits feeding of dolphins and
pelicans at Monkey Mia, thus perpetrating unfairness over a double standard. Further to ensure
legislation compliance and discourage illegal feeding, education on the negative effect of
dolphins provisioning should also be prioritized.

8.4.2 Extensive education and enforcement program
Education plays an important role in wildlife tourism management (Orams, 1996a;
Moscardo 1998). A comprehensive education program to inform locals and visitors alike of
the consequences of food-provisioning on the dolphin population would provide justification
for the cessation of the food-provisioning practice (despite two-third of the DDC visitors being
unaware of its occurrence; Senigaglia et al. 2019, Chapter 7) and address the problem of illegal
feeding from recreational boaters. A similar management action was successfully implemented
in Cockburn Sound, Western Australia following concerns over an epidemic in illegal feeding
and high rate of dolphin begging behaviour documented in a scientific study (Finn 2005;
Donaldson et al. 2012b, 2012a). Through an educational program, the illegal provisioning and
the occurrence of begging behaviour by the local dolphins was eliminated (Nicholson K. and
Chabanne D. Pers. Comm.). Unfortunately, educational programs are not always effective in
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eliciting long-term behavioural changes if not coupled with a continuous enforcement plan
(Baruch-Mordo et al. 2011; Dietsch et al. 2018).

A mixture of a top-down (appropriate laws and regulations) and bottom-up (community
initiatives and education) approach would have the highest chance to meet the objectives of
conservation in the case of managing a common pool resource (Girard et al. 2015; Murray &
Hee 2019). However, while monitoring and enforcement are necessary tools to ensure
compliance along with peer-pressure derived from education, they require a substantial
financial commitment over a long timeframe (Baruch-Mordo et al. 2011; Watson et al. 2015).
To minimise the cost of enforcement, alternative technologies such as remote camera,
unmanned aircraft systems (UASs) and social media monitoring could be implemented,
particularly during periods of high tourism presence (Kretser et al. 2015; Pimm et al. 2015).
The use of new technologies and social media revealed useful in monitoring poaching, trading
and other illegal wildlife activities (Sonricker Hansen et al. 2012; Arts et al. 2015; Linchant et
al. 2015; Smith 2015).

8.4.3 Long-term research and monitoring of the dolphin population
While an increase number of studies show the benefits of assessing human impacts on
natural resources using social media (Wood et al. 2013; Di Minin et al. 2015; Lusseau &
Mancini 2018; Abreo et al. 2019), systematic in situ research effort is needed to properly
monitor the Bunbury dolphin population and assess the outcomes of the chosen management
actions. Long-term research programs are essential to calculate demographic parameters of
long-lived species but such data are rarely available (Taylor et al. 2007; Symons et al. 2018).
Taylor et al. (2007) determined that 78% of severe population declines would go undetected
at current levels of cetacean monitoring in the US. The level of dolphin monitoring in 2007-
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2016 produced highly precise abundance estimates (average CV= 0.05; Symons et al., 2018).
However, according to a simulation study, if the level of monitoring was halved, we would not
be able to detect a decline in the population until over a third of the individuals were lost
(Symons et al., 2018). Results from Chapter 4 and 6 relied exclusively on long-term datasets
on Bunbury dolphins. It would not have been possible to forecast population-level
consequences of disturbance without accurate and systematic individual demographic data
collected over multiple consecutive years.

8.4.4 Ecosystem-based management
The long-term goal of a comprehensive conservation plan should focus on the
preservation of high-quality habitat and on increasing resilience of the Bunbury dolphin
population. While management agencies should strive towards an ecosystem approach using
integrated management as ad iterim process to achieve ecosystem-based management.
Management of multiple stressors such as shipping industry, coastal development and climate
change, should be addressed at appropriate and realistic temporal and spatial scales.
Simulations on the best managerial approach to wildlife tourism suggested that a combination
of tax and subsidy (in which each operator contributes to cover the cost of enforcement) and
cap and trade (in which operators were assigned individual, tradable quotas) were the most
resilient to errors in management and illicit behaviour by the operators (Pirotta & Lusseau
2015). The applicability of similar actions could be evaluated in Bunbury. Also, acoustic
disturbance and collision risk with commercial and recreational vessels should be properly
assessed, along with an evaluation of female dolphin body condition (i.e. quantifying traces of
Persistent Organics Pollutants). Above all, a precautionary principle to conservation (i.e.
limiting infrastructure expansion, ensuring a rigorous environmental impact assessment, etc.)
should be applied to account for the uncertainty in cumulative stressors.
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8.5

Eco-tourism and wildlife conservation: a balancing act

Ideally, the suggested management actions should rely on a shared ethical foundation.
As stated above, the responsibility for dolphin conservation in Bunbury and adjacent waters
lays equally on the WA State regulatory agencies (DBCA, Department of Transport, Dept. of
Water and Environment Regulation, Bunbury Port Authority, etc.), the Dolphin Discovery
Centre and the general public. To implement a common vision, stakeholders would share
similar ethical values and, where necessary, prioritize environmental conservation over the
desire of close-up interactions with dolphins (Martín-López et al. 2009; López-Bao et al. 2017).
Albeit not intentionally, commodification of wildlife is frequently part of eco-tourism and it
places a greater value on the wild-encounters than the animal welfare, hindering instead of
promoting, long-term conservation (Belicia & Islam 2018). The type of self-promotion via
social and traditional media conducted by the DDC in Bunbury, is a form of market
environmentalism and can conduce unrealistic expectations in tourists and prioritizing visitor
enjoyment over dolphin conservation.

The efficacy of eco-tourism in raising environmental awareness and its potential impact
on the wildlife populations should be managed on a case-by-case basis. Eco-tourism history
has, in some places, become a predicament and its management controversial (Das &
Chatterjee 2015). In particular, when wildlife populations are subjected to cumulative stressors,
precautionary management of tourism might be necessary in light of the difficulties to address
other disturbances (Cooney 2004; Peterson 2006). Failure to do so might jeopardize the
recovery potentials of some population. For instance, in Bay of Island, New Zealand, the
concerns over the impact of dolphin tourism activities voiced by scientists were not addressed,
as a consequences, the population plummeted and authorities were forced to ban any in-water
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activities to avoid negative consequences on the population viability (Constantine et al. 2004;
Tezanos-Pinto 2009; Peters & Stockin 2016, DOC, 2019). The re-development of the Dolphin
Discovery Centre and the further expansion of the Bunbury marina in Koombana Bay offers
an opportunity for the DDC to change the narrative and act as a beacon of stewardship for
dolphin education and conservation in the region.

8.6

Study limitations

The main limitation of my thesis relates to the nature of the observational data. Without
a proper manipulative experiment, involving randomly assigning provisioning or control status
to individual dolphins, it is not possible to make inferential statements. In other words, I can’t
infer causation between provisioning and the low reproductive success recorded for
provisioned females. It is possible that females with poor body conditions might become
provisioned to overcome their physical limitations or that the habitat in which they reside is of
poorer quality. However, throughout the thesis an effort was made to rule out as many
confounding factors as possible to isolate the effects of food-provisioning practice. The long
and rigorous data collection coupled and the multiple evidences provided in this thesis, points
toward a strong correlation and possibly a causative relationship between food-provisioning
and negative fitness consequences. The possible mechanism whereby food provisioning leads
to lower calf survival (and other effects) adds further credibility to this argument. Other
limitations refers to observer variations in the ability of identifying individual dolphins and
precision in the historical data collected by the DDC, dating back two decades, used in Chapters
3 and 4 utilise. The dolphin survey data used for the social network analyses in Chapter 5 were
not collected for this specific purpose and the scale at which they have been taken (defining a
group using a 100m chain-rule) might not be the most appropriate to detect fine scale social
partitioning. Systematic but dedicated data collection for social network analyses might shed
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some light on the association preferences of provisioned and non-provisioned individuals and
might be useful to tease apart confounding effects of spatial overlaps. In Chapter 6, where I
calculated age-class mortality based on individual sightings from surveys, further analyses
utilising capture-recapture survival estimates would be beneficial. However, the year-round
systematic and long-term data collection effort ( 2007-2016) ensured a comprehensive
coverage of the area and gives confidence that the survival estimates are reliable. Chapter 6
also partly relies on scientific literature and demographic parameters recorded in other areas
that might not be applicable in Bunbury. More data on the anthropogenic disturbance in
Bunbury (including acoustic and chemical pollution) would benefit the study. Further research
should also focus on estimating the type of interactions (additive, synergistic or antagonistic)
among cumulative stressors. Finally, Chapter 7 represents a comprehensive study of visitors’
perceptions of and reported support for food-provisioning but it would be interesting to further
examine the economic component of this practice and estimate the indirect revenue of dolphin
tourism in Bunbury. Wildlife tourism is, at its core, a business enterprise and its monetary
revenue is an important incentive, despite the official DDC denomination of not-for-profit
organisation. Moreover, further studies should focus on merging economic-, ecological and
social data to model management alternatives.

8.7

Concluding remarks

We owe it to our children to be better stewards of the environment. The alternative? - a world
without whales. It's too terrible to imagine.
Pierce Brosnan

The overarching aim of this thesis was to provide the information to sustainably manage
food-provisioning of bottlenose dolphins in Bunbury. As a contribution to the discipline of
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conservation biology, this thesis compiles evidences on the negative consequences of an ecotourism activity and proposes realistic options to achieve a sustainable balance between social
values of dolphins and the maintenance of dolphin individual welfare and population
sustainability. In the context of a holistic approach to eco-tourism management, this thesis also
describes the socio-ecological system in which food-provisioning is embedded and gathers
information that are fundamental to develop appropriate management strategies. The
comprehensive and multidisciplinary approach to the review and impact assessment of foodprovisioning in Bunbury can be applied to other socio-ecological systems that present similar
human-wildlife conflict.
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To make an end is to make a beginning.
T.S. Eliot
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A.1

Testing the threshold for minimum number of provisioning events

To the best of our knowledge, there are no references in the literature regarding how
long it takes to condition a wild dolphin to accept food rewards from human. In many instances
the behavioural conditioning process appears to be fast but there is no specific threshold for
provisioning. In absence of further references and to maximize the sample size, we used 5 as a
threshold to categorized a dolphin as “provisioned. To weight the sensitivity of our chosen
threshold, we ran the same analyses on a modified dataset in which we defined as “provisioned”
only females who were fed >150 times and we obtained identical results. This analysis lead to
no significant difference (Figure A.1, Table A.1 and Table A.2 refer to the original analyses
and are provided for comparison). Thus, to be more conservative with regards to the definition
of a provisioned animal, the threshold could be raised. However, to reduce the current sample
size by one would require the threshold to be set at 150 events and we can presume consistent
changes in the dolphins’ behaviour will occur well before this point. Further, even when this
new threshold was tested, there was no change in the results of the analysis. Therefore,
increasing the threshold does not affect our results, but instead would mask what happens at
the lower range on the dolphins’ sensitivity to provisioning. In light of this, we feel that
maintaining 5 feeding events as a threshold to categorized an animal as provisioned is a valid
approach that allows to maximize sample size while obtaining unbiased results.
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Provisioned
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Figure A.1 Boxplot of the reproductive success of non-provisioned (n= 55) and provisioned
(n= 8) females. A threshold of > 5 feeding events was used to define provisioned females.
Female reproductive success was calculated as a rate based on the number of weaned calves
in relation to the number of years in which a female was reproductively active. The solid black
lines represent the median values while the lower and upper end of each box represent the
lower and upper 75% quantiles, respectively. The whiskers (dotted lines) represent the 95%
and the 5% quantiles
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Table A.1 Model selection results of GLMs of female reproductive success (RS) as a function
of preferred location (sheltered vs open waters), provisioning status, begging status and the
number of times a female was provisioned (provision events) and observed begging (begging
events). The offset represents the number of years for which reproduction data were available,
calculated from the birth year of the first known calf of each female. AIC and BIC values are
provided with ∆AIC and ∆BIC (difference in AIC and BIC values compared to the most
parsimonious model) (number 7, highlighted in bold). wi = Akaike weight values are provided.
A threshold of > 5 feeding events was used to define provisioned females.
Model

Variables

AIC

∆AIC

wi

BIC

∆BIC

d.f.

1

RS ~ 1

168.98

11.36

0.004

171.12

9.22

62

2

RS ~ provisioning + provision events +

165.13

7.52

0.000

177.99

16.09

57

163.19

5.58

0.001

173.91

12.01

58

begging + begging events +location + offset
3

RS ~ provisioning + provision events +
begging + begging events + offset

4

RS ~provisioning + provision events + offset

159.61

1.99

0.055

166.08

4.14

60

5

RS ~provisioning*provision events + offset

167.03

9.41

0.000

182.03

20.13

56

RS ~ begging + begging events + offset

162.34

4.72

0.014

168.77

6.87

60

6

RS ~ begging * begging events + offset

164.01

6.39

0.002

172.58

10.68

59

7

RS ~ provisioning + offset

157.61

0.00

0.442

161.90

0.00

61

8

RS ~ begging + offset

160.83

3.21

0.088

165.11

3.21

61

9

RS ~location + offset

160.49

2.88

0.104

164.78

2.88

61

10

RS ~ provision events + offset

159.48

1.87

0.173

163.77

1.87

61

11

RS ~ begging events + offset

160.36

2.74

0.112

164.64

2.74

61
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Table A.2 Model selection results of GLMs of female reproductive success (RS) as a function
of preferred location (sheltered vs open waters), provisioning status, begging status and the
number of times a female was provisioned (provision events) and observed begging (begging
events). The offset represents the number of years for which reproduction data were available,
calculated from the birth year of the first known calf of each female. AIC and BIC values are
provided with ∆AIC and ∆BIC (difference in AIC and BIC values compared to the most
parsimonious model) (number 7, highlighted in bold). wi = Akaike weight values are provided.
A threshold of > 150 feeding events was used to define provisioned females.
Model Variables

AIC

∆AIC

wi

BIC

∆BIC

d.f.

1

RS ~ 1

157.28

4.0

0.04

159.4

1.9

62

2

RS ~ provisioning + provision events + begging

159.62

6.3

0.01

172.4

14.9

57

157.62

4.3

0.03

168.3

10.8

58

+ begging events +location + offset
3

RS ~ provisioning + provision events + begging
+ begging events + offset

4

RS ~provisioning + provision events + offset

155.23

1.9

0.11

161.6

4.1

60

5

RS ~provisioning*provision events + offset

161.60

8.3

0.00

176.6

19.0

56

RS ~ begging + begging events + offset

157.33

4.0

0.03

163.7

6.2

60

6

RS ~ begging * begging events + offset

157.33

4.0

0.03

163.7

6.2

60

7

RS ~ provisioning + offset

153.24

0.0

0.30

157.5

0.0

61

8

RS ~ begging + offset

155.74

2.5

0.08

160.0

2.5

61

9

RS ~location + offset

155.75

2.5

0.08

160.0

2.5

61

10

RS ~ provision events + offset

154.59

1.3

0.15

158.8

1.3

61

11

RS ~ begging events + offset

155.51

2.2

0.09

159.8

2.3

61
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Appendix 1

Food-provisioning
negatively
affects
calf survival
and female
reproductive
success in bottlenose
A.2
SOI monthly values
from the
Australian
Government
Bureau
of Meteorology
Senigaglia V., Christiansen F., Sprogis K.R., Symons J., Bejder L.
SOI monthly values from Australian Government Bureau of Metereology
Year Jan
Feb
Mar
Apr
May Jun
Jul
Aug
Sep
1982 9.40 0.60 2.40 -3.80 -8.20 -20.10 -19.30 -23.60 -21.40
1983 -30.60 -33.30 -28.00 -17.00 6.00 -3.10 -7.60 0.10 9.90
1984 1.30 5.80 -5.80 2.00 -0.30 -8.70 2.20 2.70 2.00
1996 8.40 1.10 6.20 7.80 1.30 13.90 6.80 4.60 6.90
1997 4.10 13.30 -8.50 -16.20 -22.40 -24.10 -9.50 -19.80 -14.80
1998 -23.50 -19.20 -28.50 -24.40 0.50 9.90 14.60 9.80 11.10
1999 15.60 8.60 8.90 18.50 1.30 1.00 4.80 2.10 -0.40
2000 5.10 12.90 9.40 16.80 3.60 -5.50 -3.70 5.30 9.90
2001 8.40 11.90 6.70 0.30 -0.90 1.80 -3.70 -8.20 1.40
2002 2.70 7.70 -5.20 -3.80 -14.50 -6.30 -7.60 -14.60 -8.20
2003 -2.00 -7.40 -6.80 -5.50 -7.40 -12.00 2.90 -1.80 -2.20
2004 -11.60 9.10 0.20 -15.40 13.10 -15.20 -6.90 -7.60 -2.80
2005 1.80 -28.60 0.20 -11.20 -14.50 2.60 0.90 -6.90 3.90
2006 12.70 0.10 13.80 14.40 -9.80 -6.30 -7.60 -15.90 -5.80
2007 -7.80 -2.70 -1.40 -3.00 -2.70 5.00 -5.00 2.70 1.40
2008 14.10 21.30 12.20 4.50 -3.50 4.20 2.20 9.10 13.50
2009 9.40 14.80 0.20 8.60 -7.40 -2.30 1.60 -5.00 3.90
2010 -10.10 -14.50 -10.60 15.20 10.00 1.80 20.50 18.80 24.90
2011 19.90 22.30 21.40 25.10 2.10 0.20 10.70 2.10 11.70
2012 9.40 2.50 2.90 -7.10 -2.70 -10.40 -1.70 -5.00 2.60
2013 -1.10 -3.60 10.50 0.30 8.40 13.90 8.10 -0.50 3.90
2014 12.20 -1.30 -13.30 8.60 4.40 -1.50 -3.00 -11.40 -7.60
2015 -7.80 0.60 -11.20 -3.80 -13.70 -12.00 -14.70 -19.80 -17.80
2016 -19.70 -19.70 -4.70 -22.00 2.80 5.80 4.20 5.30 13.50

Oct
-20.20
4.20
-5.00
4.20
-17.80
10.90
9.10
9.70
-1.90
-7.40
-1.90
-3.70
10.90
-16.00
5.40
13.40
-14.70
18.30
7.30
2.40
-1.90
-8.00
-20.20
-4.30

Nov
-31.10
-0.70
3.90
-0.10
-15.20
12.50
13.10
22.40
7.20
-6.00
-3.40
-8.60
-2.00
-1.40
9.20
17.10
-6.00
16.40
13.80
3.90
9.20
-10.00
-5.30
-0.70

Dec
-21.30
0.10
-1.40
7.20
-9.10
13.30
12.80
7.70
-9.10
-10.60
9.30
-8.00
0.10
-3.50
14.40
13.30
-7.00
27.10
23.00
-6.00
0.60
-5.50
-9.10
2.60
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B.1

Summary of focal follow data and illegal interactions

Table B.1 Summary data from boat-based focal follows of individual bottlenose dolphins in
Bunbury. Sex is marked as F= female, M= male or U= unknown. Age class includes A= adults,
J= juveniles and C= calves. P refers to provisioned dolphins while N indicates nonprovisioned ones. Please note that, despite it occurs at times, feeding of calves is not allowed,
thus, calves of provisioned mothers were assigned P as provisioning status in light of the
provisioning status of their mothers. Note that hours of focal follows of calves were not added
to the hours of focal follows of adults as these occurred simultaneously. Prevalence of begging
behaviour (number of begging events) is also provided*. Calves were scored begging only if
they performed the behaviour on their own volitation (aka independently from their mother
behaviour).
Dolphin
ID

Sex

Age

Provisioning
status

hours
followed

#
# begging
follows events
within
focal
follows

# illegal
feeding
events

14
0
0
148
9

#
begging
events
within
sightings
and
focal
follows
combined
18
0
0
169
13

Cracker
Cookie
Anzac
Calypso
Eclipse

F
U
U
F
F

A
C
C
A
J

P
P
P
P
P

18:47
10:15
4:45
14:42
12:05

11
6
3
11
7

Shanty
Levy
Aurora
Osho
Frenchy
Biro
Jewel
Quartz

F
F
U
M
F
M
F
U

A
A
C
A
A
J
A
C

P
P
P
P
N
N
N
N

12:05
9:00
4:02
11:57
13:22
13:17
1:47
1:47

12
9
3
9
12
11
1
1

105
79
0
35
0
2
0
0

196
112
0
65
0
2
0
0

8
0
0
2
0
0
0
0

Dane

F

A

N

1:32

1

0

0

0

Fakey

M

A

N

7:07

4

0

0

0

Scout
Ranger
Chocolate
Arataki
Ariki
Fence
Freedom
Key
Note
Gipsy

F
U
M
F
U
F
U
F
U
F

A
C
J
A
C
A
C
A
C
A

N
N
N
N
N
P
P
P
P
N

13:24
11:29
8:14
2:02
2:02
9:20
9:20
7:40
7:40
11:57

12
12
8
2
2
6
6
7
7
8

0
0
1
0
0
3
0
3
0
0

0
0
1
0
0
7
0
6
0
0

0
0
0
0
0
0
0
0
0
0

0
0
0
4
0
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Romany
Kwilina
Nyarnyee
Flash
Gordon
Et
Nokia
Karma
Eaton
Collie
Total

U
F
U
F
U
F
U
F
F
U

C
A
C
A
C
A
C
A
A
C

N
N
N
N
N
N
N
N
N
N

11:57
2:52
2:20
2:02
2:02
0:50
0:50
2:00
1:50
1:50
178:54

8
1
2
2
2
1
1
1
2
2
138

0
0
0
0
0
0
0
0
0
0
402

0
0
0
0
0
0
0
0
0
0
689

0
0
0
0
0
0
0
0
0
0
14

* In comparison, during the ten years of systematic surveys only 108 begging were
opportunistically recorded. 31 animals displayed begging behaviour during this period and
approximately 1/3 were provisioned dolphins.
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B.2

The prevalence of begging behaviour

Maladaptive behaviours such as depredation and begging, can be developed as a
consequences of food-provisioning. In turn, these behaviours increase the exposure to vessels
and fishing gear, leading to greater risks of collision and entanglements and in some cases can
then spread through a population via social transmission. In Bunbury, Western Australia, both
legal and unmanaged feeding of free-ranging bottlenose dolphins occurs. Illegal feeding by
boaters mainly occurs during the Austral summer corresponding to the peak touristic season
when dolphins have been recoded begging at vessels, attempting depredating crab pots and
approaching swimmers at beaches. The number of begging dolphins increased from only 11 in
2007 to 41 in 2018. Historical records from 2007 show that both provisioned and nonprovisioned dolphins have been recorded approaching boats but we found a significant
correlation between provisioning events (number of times each dolphin got fed by the DDC)
and begging events (F1,61 = 33.55, p: < 0.001). Moreover, dedicated individual focal follows
conducted in 2017-2018 revealed that provisioned dolphins beg at a higher rate and more
consistently than non-provisioned animals. Begging behaviour was recorded in 76 out of 109
surveys (69.7% of surveys), and 125 days at sea, representing the 60.8% of day at sea with
dolphins begging at vessels 4.49 times per hour.
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B.3

Best fitting models for foraging likelihood and maternal care

Table B.2 Averaged parameter estimates from model averaging of best-fitting models (with
Foraging likelihood modelled against season and provisioning status, models 1, 2, 3, 4 and 5
in Table 1 of the main text).
Variable

coefficient

S.E.

z-value

p

Intercept

-3.4588

1.5810

2.187

0.0288*

Season

0.6614

0.7684

0.860

0.3896

Provisioned

0.3345

0.5688

0.588

0.5566

Time

1.8682

3.2621

0.573

0.5670

Table B.3 Parameters estimates for best-fitting model of time spent in infant position modelled
as a function of age, behavioural state and their interaction (model 1 in Table 2 of the main
text).
Variable

coefficient

S.E.

z-value

p

Intercept

- 0.355

0.532

- 0.667

0.505

Age

- 0.040

0.019

- 2.101

0.035*

Resting

- 0.869

0.599

- 1.450

0.146

Socialising

- 1.534

0.950

- 1.613

0.106

Travelling

0.110

0.631

0.174

0.861

Age*Resting

0.067

0.021

3.111

0.001*

Age*Socialising

0.020

0.033

0.582

0.560

Age*Travelling

0.052

0.023

2.192

0.028*
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B.4

Distance between mother and calf pairs during foraging behaviour

Non-provisioned
Provisioned

Percentage

50

40

30

20
< 1 body length

> 2 < 4 body lengths

> 4 body lengths

Distance between mother and calf

Figure B.1 Distance between mother and calf during foraging behaviour for provisioned (pink,
n= 5) and non-provisioned animals (turquoise, n= 7).

To compare the distance between females and their calves between provisioned and
non-provisioned females, we developed a General Linear Model. For the purpose of this
analyses, we binned distance into two categories, equal or smaller than one body length and
greater than one body length where body length refers to the calf size. The response variable
distance was then coded as binary and thus we used a binomial distribution and a logit link.

Table B.4 Parameters estimates for GLM of distance between mother and calves modelled as
a function of female provisioning status.
Variable

coefficient

S.E.

z-value

p

Intercept

- 0.359

0.196

- 1.827

0.067

Provisioned

0.986

0.245

4.021

<0.001*
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Figure B.2 Probability of mother and calves to swim at a distance of over one body length for
provisioned and non-provisioned females.
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B.5 Difference in group size between provisioned and non-provisioned dolphins

Figure B.3 Gardner-Altman plots showing the difference in maximum group size during focal
follows of provisioned (n= 72 focal follows, mean= 6.81 ± 4.92 SD, range = 1-21 individuals)
and non-provisioned (n= 75 focal follows, mean= 10.29 ± 8.15 SD, range = 1-30) dolphins.
Right y-axes display the effect size, as the mean difference in group size (black circle) between
foraging classes, around the resampled distribution of the differences (grey curve) and its 95%
confidence interval (dark vertical line) estimated based on 5000 bootstrap resamples
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B.6

Standardized Lagged Association Rates

Table B.5 Model selection results of Standardized Lagged Association Rates (SLAR) for provisioned
individuals only. Models are ranked from the best to the worst-fitting (smallest to highest QAIC value).
∆QAIC and QAIC weights are provided as indicative of the relative support for each model.
Model

QAIC

∆QAIC

wi

df

Provisioned
1

"′(%) = 0.096 + 0.027 ∙ 1 (23.345∙6)

29947.91

0.0

0.54

446

2

"′(%) = 0.097

29950.84

2.93

0.23

450

3

"′(%) = 0.099 ∙ 1 (24.7387923:∙6)

29951.28

3.37

0.19

453

4

"′(%) = 5.023 ∙ 1 (2=.>3:5∙6) + 0.099521 ∙ 1 (24.44>4923:∙6)

29954.23

6.32

0.04

451

Non-provisioned
1

"′(%) = 0.008 + 0.014 ∙ 1 (23.33B76)

90593.29

0.00

~1

1919

2

"′(%) = 0.020705 ∙ 1 (23.333=∙6)

90654.00

60.71

<0.001

1892

3

"′(%) = 0.2248 ∙ 1 (24.8=77∙6) + 0.020686 ∙ 1 (23.333=∙6)

90656.25

62.96

<0.001

1890

4

"′(%) = 0.014616

91332.91

739.62

<0.001

2110
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C.1

Detailed description of input values for provisioning scenarios

In the two provisioning scenarios, provisioned and baseline, demographic parameters were
estimated as follows.

Population size and composition
Population size can have a major influence on the risk of extinction and minimum viable
population size (that would ensure 99% persistence over 40 generations), and is highly case
specific (Reed et al. 2003). There are several population estimates available for Bunbury,
estimated from survey data and using mark-recapture analyses. Dolphin abundance in Bunbury
varies seasonally from a minimum of 76 (95% CI 68-85) individuals to a maximum of 185
(95% CI 171–200) as estimated by capture mark-recapture analyses for juveniles and adults
only (Sprogis et al. 2016a). We decided to use the most optimistic estimate of population size
available, to forecast the impact of multiple stressors in the best case scenario. Thus, we used
the number of sighted individuals in Bunbury (n= 270) in place of population size. This was
calculated based on the mean number of identified individuals (including all age classes)
sighted per year across the duration of the study period (20017-2016). Sprogis et al. (Sprogis
et al. 2016a, 2016b) estimated a marked percentage ranging from 80% to 90% so we added an
additional 10% to account for any unidentified individuals (as in Manlik et al. 2016), for an
estimated total population size of 297. Individuals were differentiated into age classes as calves
(from 0 to 3 years), juveniles (from 4 to 12 and 15 years for females and males, respectively)
and adults (over 13 and 16 years for females and males, respectively). Age-class distribution
was allocated base on birth and death rates automatically calculated in VORTEX using the inbuilt option of “stable age distribution” (Lacy 2000; Lacy et al. 2015). Maximum age was set
at 40yrs, based on the findings from a previous study on the Bunbury population (Aswegen
2017) and personal observation of Senigaglia. V.
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Reproduction and fecundity
Bottlenose dolphins have a polygynous mating system (Mann et al. 2000).
Reproductive maturity was set as 12 years old for females and 15 for males without
reproductive senescence (Manlik et al. 2016; Karniski et al. 2018; Senigaglia et al. 2019).
Carrying capacity (K) was set 370 to allow for population expansion and in accordance with
Manlik et al. (2016). The percentage of adult females breeding per annum was calculated by
dividing the number of calves born per year, by the number of adult females present that year.
The percentage of adult males in the breeding pool was 100%. Females produce only one calf
at a time and bottlenose dolphins calves are nutritionally dependent from their mother for 1-2
years, although age at weaning can vary (Senigaglia et al. 2019). Dolphin calves observed in
infant position (the calf swims underneath the mother close to the mammal slits) are considered
dependent and still nursing. Once a calf is no longer observed in infant position is, generally,
considered weaned (Mann & Smuts 1998). The estimated average weaning age in Bunbury is
2.93 years, calculated by taking the mid-point between the date of the last recorded infant
position and the first sighting of the mother without the calf.

Mortality
In many PVAs, where demographic parameters are determined from capture-recapture
methods, true mortality and permanent emigration are considered equivalent (Ergon & Gardner
2014), unless a spatial component is modelled explicitly. However, even in this latter case, the
definition of permanent emigration might be unsatisfactory, as it is dependent on individual
residency patterns and on the length of the data collection (Zimmerman et al. 2007). In our
case, capture-mark-recapture (CMR) methodology was found less suitable because in Bunbury
not all age classes are sufficiently marked (Manlik et al. 2016). Particularly, calves are usually
excluded from CMR estimates because they are seldom sufficiently marked to allow reliable
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photo-identification (Smith et al. 2013; Sprogis et al. 2016a). In traditional CMR analyses,
differentiating between permanent emigration and true mortality in adult and juvenile
bottlenose dolphins is also challenging. Temporary emigration is also a feature of the study
area and individuals differ in their habitat range and movement patterns (Sprogis et al. 2016b),
and might leave for a number of years before returning to the area. It is possible that the time
period between emigration and return is greater than the length of data collection. As a result
of these difficulties, we attempted to separate true mortality and permanent emigration. We
estimated true mortality from the number of carcasses recovered during the entire study period
(n= 9 juveniles; n= 10 adults) instead of using capture-recapture estimates of “presumed dead”
individuals. For non-provisioned animals, we used the carcasses recovery rate of 25%
estimated for a bottlenose dolphin (Turisops truncatus) population in California, as this
population share several commonalities with the dolphins in Bunbury (Carretta et al. 2016).
The California population is a coastal population with high degree of site fidelity and the
coastal stock is genetically and morphologically isolated from the offshore stock. These
characteristics resemble the coastal dolphin population that reside in Bunbury which can also
be considered genetically isolated from neighbouring populations and have a high degree of
fidelity (Sprogis et al. 2016b, 2016a; Manlik et al. 2019a). However, carcass recovery rate can
vary substantially from one population to another depending also on the geological and
hydrological features of the area and on the number of people present in the area and willing
to report carcasses they discover. We can expect higher carcass recovery rate in more confined
embayment compared to offshore habitat. The dolphin population inhabiting the estuarine and
sheltered region of Sarasota Bay, Florida, has been closely monitored since 1970 (Wells et al.
2015) and its recovered carcasses was estimated to be 33% of the total mortality. Williams et
al. (2011) estimated an average carcass recovery rate of 2% (range 0-6.2%) for 14 cetacean
species (not including bottlenose dolphins sp.) in the Gulf of Mexico, assumed to die offshore.
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To explore the potential consequences of applying an overly conservative carcass recovery rate
versus overestimating mortality rate, we applied different carcass recovery rates, namely 33%,
25%, 6.2% (corresponding to the upper bound of estimates from (Williams et al. 2011) and 2%
to our baseline scenario. Projected population trajectories under these different carcass
recovery rates are provided in Table S1 and Figure S1.

Table C.1 Results from sensitivity analyses of carcass recovery rate. Population trajectory
simulated over 100 yrs. Simulations were run for 1000 iterations. PE refers to the probability
of extinction in 100yrs, TE refers to the time of extinction over 100 yrs. Stochastic r is the
stochastic exponential growth rate, N extant corresponds to the extant population size at the
end of the simulation
Recovery rate

PE

TE

Stochastic r

SDr

N extant

SDNextant

25% (observed)

0.343

90.1

-0.0420

0.075

7.40

4.61

33%

0.030

93.3

-0.030

0.056

16.46

10.24

6.2%

1.000

27.0

-0.173

0.135

0.00

0.00

2%

1.000

2.1

-0.997

0.086

0.00

0.00
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For provisioned individuals, we estimated juvenile and adult mortality rate based on
the number of carcasses recovered during the study period (n= 2 juveniles; n= 2 adults) which
we considered to be 100% of the total mortality since more information are available for the
provisioned dolphins given their habitat use and the additional monitoring from the DDC. Calf
mortality was calculated as the inverse of survival to weaning age in Bunbury. We based our
estimate of calf mortality on data from Senigaglia et al. (2019), which included on 63 females
and 129 calves of known fate. The variance estimates for mortality and reproductive rate
included demographic and environmental variation. The annual variation due to demographic
stochasticity is sampled in Vortex from a binomial distribution. The standard deviation due to
environmental variation (SDev) was calculated from the total observed variance, minus the
demographic stochasticity (Lacy et al. 2018). Initial age-class distribution in each scenario was
estimated based on mortality and reproductive rates using the in-built function in Vortex.

240

Figure C.1 Sensitivity analyses of carcasses recovery rate, population trajectory simulated
over 100yrs. White circles correspond to population trajectory forecasted using a carcass
recovery rate of 33%. Squares represent the population trajectory calculated using a carcass
recovery rate of 25% (observed scenario), the black triangles represent the population
trajectory calculated using a carcass recovery rate of 6.2% and the white inverse triangles
represent the population trajectory calculated using a carcass recovery rate of 2%.
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Genetic effects and connectivity
Vortex allows users to incorporate genetic depression due to inbreeding as a function
of lethal equivalents, that is the accumulation of deleterious recessive alleles that might be
expressed by an individual as a result of inbreeding (Pemberton et al. 2017). First-year survival
of inbred individuals is then calculated as S = S0 * exp (bF), where S0 is the survival rate, F is
the inbreeding coefficient, and b correspond to the “lethal equivalents”, a severity measure of
inbreeding depression (Lacy et al. 2015). We used 6.29 lethal equivalent, as it is a common
median value reported for mammals (O’Grady et al. 2006). A recent study by Manlik et al.
(2019) showed limited gene flow among populations along the Western Australia coast and
described Bunbury as having acted as a source population, (i.e. not a sink population) in the
past. In other words, historically, it seems that net dispersal occurred out of, but not into
Bunbury. Genetic connectivity might influence the overall resilience of the population,
however, previous studies reported a limited gene flow between the Bunbury dolphin
population and neighbouring ones and a low genetic diversity (Manlik et al. 2019a, 2019b).
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C.2 Detailed description of four additional scenarios (A, B, C, D)

Scenario A – Morbillivirus outbreak
Diseases can lower survival or reproduction of individuals, playing an important role
in determining the abundance and persistence of wildlife and can act as a driver of extinction
(McCallum 2012; Moritsch & Raimondi 2018). Small populations are particularly susceptible
to mass mortality events due to epizootic diseases, whose spread is influenced by the social
nature of the host (Sah et al. 2018). Delphinids are socially complex animals and are considered
highly susceptible to pathogen transmission. Dolphin morbillivirus is a highly infectious
disease that affects several delphinids species. For instance, an outbreak of morbillivirus killed
thousands of striped dolphins (Stenella coeruleoalba) in 1990-91 in the Mediterranean Sea
(Raga et al. 2008) and in 2006-2007 a morbillivirus outbreak caused the death of 27 longfinned pilot whales in the Strait of Gibraltar, leading to a decrease in survival rate from 0.9 to
0.5 (Fernández et al. 2008; Wierucka et al. 2014). In South Australia, in St Vincent Gulf
Bioregion, 44 carcasses of bottlenose dolphins (Tursiops aduncus) tested positive for
morbillivirus in 2013 (Kemper et al. 2016). Two outbreaks of morbillivirus and poxvirus have
also been recorded in the Swan River and the coastal waters of Perth, Western Australia, in
2009 and 2019, causing the death of six and five dolphins, respectively (Stephens N. pers.
comm.). Given the presence of morbillivirus in Western Australian waters, the highly
infectious nature of epizootic diseases, and that the dolphins population along the coast of
Western Australia are only loosely connected by gene flow (Manlik et al. 2019a), it is plausible
that an outbreak might occur in Bunbury. For this scenario, we used the estimates of unusual
mortality due to a morbillivirus and poxvirus outbreak that occurred in 2009 in the Swan River
(Table 1; (Chabanne et al. 2012). Based on the two morbillivirus outbreaks in the Swan river
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(in 2009 and 2019) we modelled morbillivirus outbreaks with a frequency of occurrence of
once every 10 years.

Scenario B – Human disturbance
Human disturbances have both short- and long-term effects on cetacean welfare. For
instance, vessel collision, entanglement, pollution, etc. have the ability to cause immediate
death (Wells et al. 1998; Iriarte & Marmontel 2013; Avila et al. 2017) or might affect cetacean
behaviour or physiology by decreasing health, body condition and welfare (Christiansen et al.
2013). Repeated exposure to these sub-lethal effects might have long-term consequences and
affect individual fitness (e.g. reproductive success) and lead to population-level consequences
(Lusseau & Bejder 2007; Pirotta et al. 2018). We were interested in exploring what could be
the long-term effects of additional human disturbances (other than food-provisioning) caused
by recreational boating and as consequences of the maritime facilities expansion planned for
Bunbury. We modelled additional mortality attributable to human disturbance based on a study
of a small population of bottlenose dolphins in Doubtful Sound, New Zealand (Currey et al.
2009). The authors of the study estimated a 56% decrease in first year calf survival between
2002 and 2008, after the opening of a second tailrace tunnel for hydroelectric power that caused
an influx of cold waters and impacted the limited thermal regulation capabilities of newborn
(Currey et al. 2009). In this scenario, only calf survival was impacted by the additional
anthropogenic disturbance however, the habitat modification, the decrease in water quality and
the potential increase in acoustic pollution during and after the expansions of the marine
facilities will likely also impact juvenile and adult survival. Thus, this scenario explores the
sensitivity of the dolphin population in Bunbury to additional non-directed disturbance but it
represents a conservative forecast of the potential threat pose by human activities on the
dolphin population.
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Scenario C – Cumulative disturbance
Marine mammals are impacted by a large number of environmental and anthropogenic
stressors and considering individual threats in isolation might underestimate their synergistic
effect. In addition, environmental disturbances, such as those resulting from climate change,
can, in turn, drive an increase in human activities (e.g. increase shipping, oil and gas
exploration, etc.) and further impact marine wildlife (Alter et al. 2010). Thus, the assessment
of multiple stressors on population dynamics is recognised as a top priority in dolphins
conservation (Rudd 2014; National Academies of Sciences Engineering & Medicine 2017;
Veprauskas et al. 2018). We created a scenario combining the effects of the environmental and
human disturbance by using the survival and fecundity estimates from scenario B and adding
three potential catastrophic events, such as diseases outbreaks (from scenario A), harmful algal
blooms and oil spills. The Deepwater Horizon oil spill that occurred in 2010 in the Gulf of
Mexico served as reference for this latter catastrophe. According to Lane et al. (2015) this
catastrophic event caused a decrease in birth rate, with only 20% of the pregnant females
producing a viable calf (as opposed to a baseline of 83% pre-oil spill). Moreover, calf mass
stranding doubled after the Deepwater Horizon spill (Carmichael et al. 2012; Litz et al. 2014).
We modelled oil spill catastrophe with a frequency of once every 20 years (since the previous
oil spill of the Exxon Valdex in Alaska that had a major impact on the local marine mammal
populations, occurred in 1989; Matkin et al. 2008) and causing 50% mortality applied to all
class ages (Table 1). Similar mortality estimates were provided for Exxon Valdez spill that
caused a 31-44% loss of the entire killer whales population (Matkin et al. 2008). Despite an oil
spill would likely differently affect every age class, we provided a cumulative mortality across
all ages due to a lack of measure of inter-class variability. Another cause of unusual mass
mortality events in cetacean are poisonous algal blooms (Fire et al. 2008). The neurotoxin
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produced by dinoflagellates accumulates in the food chain from shellfish to top predators and
can have a considerable impact on marine wildlife (Gannon et al. 2009) during and after algal
blooms (Fire et al. 2008). In the last two decades, these natural phenomena have increased in
frequency, intensity and distribution due to the eutrophication promoted by anthropogenic
activities (e.g. agricultural runoff, industrial and domestic waste) coupled with climate change
(Gannon et al. 2009; Hallegraeff 2010; Paerl 2018). Climate change and the increased sea level
temperature might even promote the return of previously considered extinct species of harmful
algae (Learmonth et al. 2009). Harmful algal blooms in Australia have been reported in the
Eastern and Southern coast (Hallegraeff 2010) and the introduction of phosphorus from
agricultural waste stimulated algal blooms in the Peel-Harvey Estuary in Western Australia
(O’Neil et al. 2012). It is plausible to assumed that harmful algal blooms might increase in
frequency and distribution along the Australian coast. We modelled the added mortality due to
harmful algal blooms based on a single unusual mortality event that occurred in the Gulf of
Mexico in 1989 and killed 50% of the dolphin population (Geraci 1989). This event was chosen
because histopathological analyses confirmed that the neurotoxin was the sole cause of death.
Catastrophic events, such as harmful algal blooms, are predicted to occur with a frequency of
14% per generation (Reed et al. 2003) so we provided a frequency of occurrence of once every
seven years (over an 100 yrs simulation).
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Scenario D - Management
PVAs can also be used as a tool to gauge relative effectiveness of management actions
(Brazill-Boast et al. 2018). In scenario D we increase the carrying capacity to represent an
arbitrary targeted population goal. It is hard to quantify how many individuals the coastal
waters of Bunbury can potentially sustain, but the aim of the simulation was to simulate the
population trajectory if conservation measures were to be taken, with no inferences on the
optimal population size nor the minimum population viability size. We based our conservation
scenario on a study conducted in Moray Firth, Scotland (Cheney et al. 2019). The inner Moray
Firth was designated as a Special Area of Conservation (SAC) to protect its resident dolphin
population in 2005 and it requires a comprehensive assessment of the effects of any activity
that might impact the dolphins or their habitat (Cheney et al. 2019). We chose this study
because the local dolphin population is of similar size (n= 195; Pirotta et al. 2014) to the one
in Bunbury (n= 185 juveniles/adult only; Sprogis et al. 2016a), it has been studied extensively
with information available on distribution, habitat use and demographic and reproductive
parameters and it is subjected to whale watching activities and disturbance from marine
industrial development (Pirotta et al. 2013, 2015a, 2015b). In 11 years (2005 to 2016) since the
establishment of the SAC, females fecundity in Moray Firth increased from 0.16 to 0.28 and
second year calf survival went from 0.32 to 0.55 (Cheney et al. 2019). In our scenario, we
increased fecundity from 11.8% to 20.65% and set calf mortality pre-weaning age to 12.31%
(Table 1, Scenario D).
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C.3

Local sensitivity analyses
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Figure C.2 Results from the sensitivity analyses conducted on calf, juvenile and adult mortality,
population size and reproductive rate (the percentage of breeding females). Parameters were
varied from the baseline values (observed) ± 10%, ± 20%, ± 40% and the minimum and
maximum observed variance. The greatest effect on the number of remaining individuals after
100yrs (N extant) was caused by the percentage of female breeding which show the highest
variation when different values were used. In contrast, initial population size and adult
mortality were less influential.
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Low (10.6%)
Observed (11.8%)
Non-provisioned (13.4%)

200

N extant

High (15%)

100

0
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Years
Figure C.3 Sensitivity analyses of reproductive rate, population trajectory simulated over
100yrs. White circles correspond to population trajectory forecasted using a low reproductive
rate (10.6%). Squares represent the population trajectory calculated using the baseline
reproductive rate of 11.8% (observed scenario), the black triangles represent the population
trajectory calculated using a high reproductive rate of 15% and the white inverse triangles
represent the population trajectory calculated using a reproductive rate of 13.4% (nonprovisioned scenario). Please note that Low, Observed and High are forecasted based on the
mortality rate of our baseline scenario (thus considering provisioned individuals) while Nonprovisioned has lower mortality rates as it does not take into account provisioned individuals
(please refers to scenarios description in supplementary material C.2)
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Appendix D
Table D.1 Summary of dataset used within the thesis. Further details on data collection, type and amount of data, and publications arouse from
these data are provided in the relevant chapters.
Dataset

Study period

Type of data collection

Type of data

Collected by

Chapters

2007 - 2016

Systematic, year-round
surveys

Demographic data

4, 5, 6

2007 - 2018

Opportunistic

Stranding data

2017 - 2018

Behavioural data

Dr. Holly Smith
Dr. Kate Sprogis
John Symons
Krista Nicholson
Delphine Chabanne
Various SWMRP
personnel including
Valeria Senigaglia
Valeria Senigaglia

Behavioural data

Valeria Senigaglia

3

Visitors preferences

Valeria Senigaglia

7

Details of visitation and
provisioning events
Behavioural and life
history notes

DDC volunteers

3, 4

DDC volunteers

3, 4, 6

Long-term SWMRP

People survey

2018

Seasonal individual focal
follow
Seasonal individual focal
follow
Questionnaires

Provisioning data

2000 - 2018

Systematic daily recording

Citizen science notes

1989 - 2018

Opportunistic

Boat focal-follow
Beach focal-follow

2017 - 2018

6
5
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Eco-cruise (sightseeing tour on boat)
Indigenous cruise
Activity

1

2

imp

Swim-tour

3

Ver
y

uni
mp
orta
nt

Small animal feeding inside the exhibition

orta
nt

4. Thinking about your visit to the Dolphin Discovery Centre, how
important are each of the listed activities to your visit?

ral

Dolphin interaction at the Beach

Activity

Ne
ut

Visiting the exhibition

3. Thinking about your visit to the Dolphin Discovery Centre, indicate
your level of satisfaction with each activity you have done. (Tick N/A
for activities you have not done)

Ve
ry

Social dimensions of dolphin tourism
and food-provisioning in Bunbury
I am a researcher undertaking a study to establish the significance of
dolphin tourism in Bunbury with specific emphasis on feeding freeranging dolphins. I greatly value your thoughts as a contribution to
this study. The information I gather will help with the sustainable
management of the dolphin tourism industry.
Thinking about your current visit today, please complete this form
and return it to me or the staff of the Dolphin Discovery Centre as
you leave.
1. Is this the first time you have visited the Dolphin Discovery
Centre? (circle your response)
NO
YES
2. Which activities did you/will you experience during your visit
today? (You may tick more than one box)

4

Visiting the Discovery Centre exhibition
Dolphin interaction zone (at the beach)
Swim encounter or Dolphin Eco-cruise
Indigenous cruise
Other (please write in)
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5

5. Please rate your satisfaction with your overall experience at the
Dolphin Discovery Centre. (Circle your response)
Very unsatisfied

1

Neutral
3

2

Very satisfied
5

4

6. How likely are you to visit the Dolphin Discovery Centre again?
(Circle your response)
Not sure

Very unlikely

1

2

3

Very likely

4

5

7. Were you aware that the Dolphin Discovery Centre offers a
state regulated feeding program? (Circle your response)
NO

YES

9. In general, to what extent do you support licensed and
managed free-ranging dolphin feeding? (Circle your response)
Very unsupportive

1

Very supportive

Neutral

2

3

4

5

10. In general, do you think unmanaged feeding of free-ranging
dolphins is: (Circle your response)
Very bad

1

Neutral

2

3

Very good

4

5

11. During your visit to the Dolphin Discovery Centre today, how
many live dolphins have you seen?
Enter number of dolphins you have seen: _________

8. Have you participated in any experiences in other places that
might have involved feeding free-ranging dolphins?
(Circle your response)
NO
YES,
at
(write
…………………………………………………………………..

location)
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Touching
distance

Less than 3
meters

Between 3 and
10m

More than
10m

1

2

nt

imp
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ral
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ut
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y

12. If you have had a dolphin interaction experience during your
visit, how close did you get to the dolphins? (Circle your response)

orta

ant

If you have NOT participated to the dolphin interaction at the
beach go to Question 16

13. Thinking about your dolphin interaction experience, how
important are the following to you?
unim
port

Dolphin Interaction at the Beach

3

4

5

Seeing the dolphins
Being close to the dolphins
Learning about the dolphins
Swimming with the dolphins
Not causing them harm
Other (please write in)
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4

5

15. Would you still visit the Dolphin Discovery Centre if the beach
interaction experience was not offered?
(Circle your response)

Activity

1

nt
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ut
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im
po

rta

tant

mp
or

Very likely

2

3

Ve
ry

Very unlikely

17. When you chose to visit Bunbury, how important were the
following to your decision?
Not
i

14. After attending the dolphin interaction at the beach, how
likely is it that you will pay to go on an eco-cruise or swim-with
tour?
(Circle your response)

4

5

Visiting friends and family
Seeing the dolphins
Close interactions with the dolphins
Swimming with the dolphins

YES

NO

UNSURE

We need to know a little bit about you to help us understand
responses to the survey

Going to the beach
Fishing
Boating
Other (please write in)

If you live in Bunbury go to Question 20
16. If you are visiting Bunbury, how long is your stay in Bunbury?
(Enter number of days and nights)
DAY(S)

NIGHT(S)

255

18.

How did you get to Bunbury? (Tick your response)
Own motor vehicle
Rented motor vehicle
Scheduled bus
Bus package tour
Train
Other (please write in)

19. Would you mind telling me how much you are
spending/intend spending, for each of the items listed, during
your current stay in Bunbury? Please indicate/estimate
figures for your entire stay.
(If you have not completed your stay please provide estimates).
Item
Accommodation

Amount
($ AUD)

Travel (bus fares, car hire, fuel, etc.)
Food and drinks (local hotels/restaurants, local stores)
Activities
(National Park fees, sightseeing trips, local attractions)
Equipment
(purchased for your trip, e.g. film, fishing gear)
Other (clothing, merchandise, souvenirs, etc.)
Including you, how many people do these spending figures include?
Enter number of people ________
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20. How did you find out about the Dolphin Discovery Centre?
(You can tick more than one option)

25. Would you mind telling me your main occupation?
______________________________
THANK YOU FOR COMPLETING THIS SURVEY!

Brochure
Websites
Local knowledge

Your contribution to this research is much appreciated.

Magazine

Please return the completed form to me, or a Dolphin Discovery
Centre Staff member

Social Media
Visitor centre
Tour operators
Word of mouth
Other …………………
21. What is your usual place of residence?
Please enter a postcode ___________________________
OR
Country (if other than Australia) ___________________________
22. What is your gender?
(Circle your response)
Male
Female
23. For your visit to the Dolphin Discovery Centre today, how many people
are in your group including you? (enter numbers)
Number of Adults (18 years and over) _____
Number of Children (under 18 years) _____
24. Would you mind telling me your age?
Enter number

_____ years
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