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ABSTRACT

The study aimed to identify whether anthropogenic stimuli constituted a disturbance, as
indicated through behavioural responses of the female grey seals (Halichoerus grypus)
at Donna Nook, a mainland UK breeding colony. The colony has public access to it,
and is adjacent to the Ministry of defence training range with frequent fly-overs from
low flying aircraft. Data collection was non-intrusive, using in-field focal videos,
proximity maps, and human activity data collection. The primary aims of the study were
to identify what sources of anthropogenic disturbances, if any, effect grey seal breeding
behaviour on the colony. In addition to this the study wished to observe what affect pup
sex and pupping location within the colony had on breeding behaviour and individual
responses to disturbance. The results of this study were in agreement with prior
studies on pinniped species, indicating a very limited behavioural response of
individuals to anthropogenic disturbance stimuli during the breeding season.
Pedestrian disturbances had a greater impact on the behaviour of individuals than
aircraft disturbances; and of all the pedestrian disturbances found at the site,
photographers elicited the greatest behavioural response in individuals. Behavioural
responses to disturbances were noted to be more significant over the first two minute
interval after a disturbance event than over longer periods of time. In vigilance
behaviours, consistent individual differences (CIDs) in an individual's response to
disturbance events were noted both across AND within disturbance contexts. Pup sex
and the location of the birthing site both seemed to affect a female’s response to a
disturbance event; with mothers of male pups and those females which gave birth
close to the Ministry of Defence site showing significantly higher levels of vigilance
behaviours after a disturbance event. Comparisons of individual responses to natural
and anthropogenic disturbances revealed that individuals show a greater behavioural
response to natural disturbances than those disturbances originating from a human
source. The lack of behavioural responses to both natural and anthropogenic
disturbance sources in the colony indicates the potential role of habituation and/or
selection for behavioural types within the colony. The results of this study highlight the
scope for future research into the stability of these responses to disturbance stimuli;
both over numerous breeding seasons and also in periods outside of the breeding

season.
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1. INTRODUCTION

Although analysis of life-history traits suggest that the age, size and condition of female
mammals at parturition will affect both the birth weight, and survival of their offspring
(Boltnev and York, 2001); ecological factors such as natural and anthropogenic
disturbance events can influence the probability of survival of the offspring to
adulthood; by affecting both the size of the mothers at parturition, and the efficiency at
which mothers can provision their offspring (Croxall et al., 1988). This thesis will aim to
examine the effects that anthropogenic disturbance events have on female breeding
behaviour at a mainland colony of grey seals (Halichoerus grypus) in the UK. This
introduction will endeavour to explore the ever expanding research surrounding the
different effects that disturbances have on fauna; as well as exploring the ideas of
habituation and sensitisation, and the possibility that measurements of behaviour are
limited in their reliability of assessing whether a population is responding to a

disturbance source.

1.1 Ecotourism

When the concept of ‘ecotourism’ first began to frequent academic literature in the late
1980s no one could have foreseen the exponential expansion, and prominent position
that this ideology would come to hold thirty years later within the tourism sector
(Weaver and Lawton, 2007). A report published by the United Nations Environment
Convention on Migratory Species (2006) concluded that the demand by people for
nature based experiences is growing globally at a faster rate than the general tourism
sector (Kirkwood et al., 2003; Bejder et al., 2006; Weaver and Lawton, 2007). The
current global market size of wildlife tourism is a projected twelve million trips per
annum; with a 10% growth in the number of trips seen annually (Mintel, 2008; Curtin,
2010). Consumptive wildlife interactions, which involve physical products or materials
being removed from the natural environment (artefact collecting, hunting and fishing),
have up until now, been the principal focus of wildlife conservationists and academics
due to the high publicity they often receive in the media (Loveridge et al., 2007; Scarr
et al., 2012). However, the increasing effects of non-consumptive wildlife interactions
have recently been given growing consideration as a result of the rising human
population and exponential rise in the demand for nature based experiences
(Woodroffe et al., 2005; Christiansen et al., 2013). Non consumptive wildlife
interactions are those that involve visitor experiences such as bird watching, whale

watching, and backpacking. Non-consumptive wildlife interactions do not take anything
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physically away from the environment. Although previously seen as less damaging to
the environment than consumptive resource use, non-consumptive wildlife interactions
can have far reaching negative impacts; both on the focal species itself, and on the
wider ecosystem (Green and Higginbottom, 2000). In fact it is widely regarded that in
megafauna species the mere presence of human individuals has a direct impact on the

megafauna in that area (Reynolds and Braithwaite, 2001).

Conservationists have placed great hopes on ecotourism “producing economic benefits
that encourage conservation” (Ryel and Grasse, 1998). Unfortunately there is ample
evidence to suggest that ecotourism has the potential to be ecologically unsustainable
(e.g. Honey, 1999; Mullner et al., 2004). Human disturbance of wildlife is repeatedly
cited as one of the key subjects which threaten biodiversity levels in the 21st century
(Gill, 2007). The ‘general ecotourist’ market tends to be well-travelled, often with a high
level of education, and above average disposable income (Mintel, 2008). They are
inclined to avoid areas which are widely frequented by the mass tourism market, and
instead pursue an authentic, and to some extent educative experience (Curtin and
Wilkes, 2005). While these motivations have resonance with possible sustainable
tourism, the literature alludes to the potentially lethal danger to wildlife exposed to
wildlife tourism, based upon the assumption that any human presence impacts upon
the habitat and its wild inhabitants (Curtin, 2010). For example, within the eco-tourism
sector, it has been noted that close encounters with species in their natural habitat is a
key determining factor of visitor satisfaction (Wolf and Croft, 2010). Achieving a closer
viewing platform is overcome by approaching wildlife but they in turn perceive humans
as potential threats, especially in non-captive settings, where irregular visitation and
unpredictable behaviour of tourists reduce the likelihood of habituation of individuals
(Knight and Gutzwiller, 1995; Wolf and Croft, 2010).

Tourist activities are not always benign; many studies have documented noticeable
behavioural and physiological alterations, as well as changes in life-history traits in
species as a result of anthropogenic disturbances (Ellison and Cleary, 1977; Cassini,
2001; Walker et al., 2006; Scarr et al., 2012; Jiang et al., 2013). For instance, in
pinnipeds short-term responses to ecotourism activities include changes in seal
vocalisations (Terhune et al., 1979), reduction in the time a mother spends with her
pup, and an increase in the amount of threat behaviours resulting from a close
proximity to tourists (Cassini, 2001). The first response of an individual to a disturbance
event which is noticed by scientists in the field is behavioural; this usually manifests

itself in an increase in vigilance and/or flight behaviours (Scarpaci et al., 2005; Gill,
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2007). Secondly, if the disturbance source continues to affect an area for any
prolonged length of time, there can be changes in the distribution of a species, by
provoking individuals to permanently leave areas subjected to high levels of human
activity. As a consequence of these habitat perturbations caused by human
disturbance events, some individuals become more susceptible to diseases, while
others show indications of a diminished survival and reproductive success rate (Gill,
2007; Suérez-Dominguez et al., 2011). It is therefore imperative that measuring the
impacts of non-consumptive anthropogenic activities on wildlife is made a priority in

order to ensure effective management of these at risk areas (Beale, 2007).

While many researchers encourage the identification and protection of key habitats of
conservation concern (lkuta and Blumstein, 2003; Gill, 2007), it must be noted that
well-managed visitation to observe even rare, and endangered wildlife can have a
positive feedback for conservation, both socially and economically (Ellenberg et al.,
2009). In addition to this, human access to wildlife areas is a key constituent in
generating public support for the maintenance of spaces for biodiversity conservation
(Gill, 2007). Managers cannot simply disregard the requests of tourists; since visitor
satisfaction ensures continued economic returns to both local and national
communities (Semeniuk et al., 2010). Nature based experiences can provide an
important social and economic underpinning for wildlife conservation (Klaassen et al.,
2006; Ellenberg et al., 2009; Christiansen et al., 2010). This has led to a conflict of
interests between local communities, who could potentially benefit from visitation by
tourists, and the possible negative impacts that uncontrolled visitor access could have
on the target species (Cassini et al., 2004). In addition to this, if tourist actions are left
unbridled, they have the potential to diminish the visitor experience by deteriorating the
quality of the natural environment to which they were first drawn (Semeniuk et al.,
2010). Consequently, as wildlife tourism continues to increase in popularity, optimizing
the relationship between the tourist experience and the focal species’ needs has

become a fundamental goal for conservationists (Semeniuk et al., 2010).

1.2 A discussion about natural and anthropogenic disturbances

The number of theoretical investigations into the allocation of resources in individuals
has been extensive (Trivers and Willard, 1973; Maynard Smith, 1980; Ono et al.,
1987). With the exception of Trivers and Willard, (1973), such theories have focused on
the expected patterns of resource allocation under normal environmental conditions

(i.e. those conditions experienced by an individual without any anthropogenic
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disturbances present). However, in many locations around the world, populations or
individuals are affected by natural and anthropogenic disturbances in their
environment. Disturbances are a key component of many ecosystems. Disturbances
have the potential to affect every dimension of a bionetwork, and can span both spatial
and temporal dimensions (Fraterrigo and Rusak, 2008). As disturbances have origins
which can either be natural or anthropogenic, disturbances are known to be inherently
diverse (White and Jentsch, 2001; Fraterrigo and Rusak, 2008). Within specific
ecosystems, disturbances might have non-uniform effects due to the fact that
ecosystems are themselves heterogeneous in relation to their abiotic and biotic
characteristics (Fraterrigo and Rusak, 2008). Disturbances are often defined as broadly
any relatively distinct event in time that disrupts a community, population or individuals

within a population (Suryan and Harvey, 1999).

All organisms encounter heterogeneity of some description. Even natural disturbance
events can have significant impacts upon species and the surrounding ecosystem.
Natural disturbances are perturbations in the environment that would occur even
without the presence of humans. For example Ono et al., (1987) showed how the
effects of natural disturbances can be felt over large time scales, and cause declines in
pup survival in the California sea lion (Zalophus californianus) in the face of the 1982 El
Nifio event. During the EI Nifio time there is an increase in both sea level, and sea-
surface temperature in the eastern Pacific Ocean (Cane, 1983), which is typically
associated with an increase in salinity, and a decrease in the both the zooplankton and
sea lions populations (Barber and Chavez, 1983; McGowan, 1984). During the 1982/83
El Niflo event in the Pacific Ocean, changes in the oceanic conditions reduced the food
stocks that the inhabiting pinniped populations relied upon; which led to a subsequent
reduction in the birth size and early survival rate of offspring in several pinniped
populations in Peru, Mexico, and California (Trillmich and Ono, 1991). Ono et al.,
(1987) revealed that both in the El Nifio year, and the year after, pups spent less time
suckling, were less active, and played less on land (Ono et al., 1987). Maternal
investment, as measured by milk intake of offspring, was decreased and concurrently
pups grew more slowly, and suffered higher rates of mortality during the El Nifio year
(Ono et al., 1989).

In addition to natural abiotic phenomena which impact offspring survival rate, a further
natural disturbance source which has been shown to affect the breeding behaviour of
colonially breeding mammals, is the density and sex-ratio of surrounding conspecifics.

Boness et al., (1995) study on harbour seals (Phoca vitulina) revealed that females
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tended to give birth in a seven day period at the start of the breeding season, when the
operational sex ratio was in favour of females; with a ratio of 24 females per single
male. Females which gave birth late in the breeding season, when males outnumbered
females on the colony were disturbed by males three times more often than females
that gave birth during the peak and as a result late pupping mothers spent 22% less
time suckling and produced weaned pups that were 16% lighter than those females

that pupped at the peak of season (Boness et al., 1995).

Individual species have evolved to cope with these natural disturbances as these are
the selective pressures under which they have evolved. However, over recent years
there has been a “new” pressure on wild fauna in the form of anthropogenic
disturbances; often originating from sources such as ecotourism, and industrialisation
of natural areas. The definition of anthropogenic disturbance used in this thesis is
described by Nisbet, (2000), this being; “any human activity that alters the behaviour,
and/or physiology of one or more individuals in a population”. So how do individuals
respond to this “new” pressure of anthropogenic disturbance stimuli? Numerous
studies have documented the effects that these more recent ecotourism activities have
on wildlife behaviours such as: increased habituation to regular disturbance stimuli, a
reduction in time spent in maintenance behaviours; hormonal changes; and decreased
survivorship and/or reproductive success in an individual (Fowler, 1999; Lacy and
Martins, 2003; Martin and Reale, 2008). In order to study the effects of anthropogenic
disturbances it must first be established how individuals have been shown to respond
to anthropogenic disturbances in prior studies. It is important to question whether the
responses of populations and individuals to anthropogenic disturbances are similar to
those exhibited in natural disturbance events, and whether similar responses to certain

disturbance stimuli are maintained across species.

When discussing the effect that anthropogenic disturbances have on a population it is
important to realise that an animal perceives disturbance stimuli that we might consider
as low impact quite differently (Cassini et al., 2004; Stankowich, 2008; Ellenberg et al.,
2013). For example in birds, prolonged motionless observation for determination of
nest status is generally regarded as being less stressful than a short direct approach to
the nest; but in Yellow-eyed penguins (Megadyptes antipodes) it has exactly the
opposite effect (Ellenberg et al., 2013). Ellenberg et al., (2013) found that the duration
of a stimulus was the key factor in determining the level of response by an individual,
as indicated by an elevated heart rate until a person fell out of sight. Ellenberg et al.,

(2013) determined that human activity was the next most important factor; with a
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moving wildlife photographer eliciting a higher heart rate response than an entirely

motionless human at the same distance from the individual (Ellenberg et al., 2013).

Over the past two decades, there has been increasing research into the effect that
vehicular machines have on species in their natural environment; with particular
emphasis being placed on the effects that boat and aerial disturbances have on
individuals. The Donna Nook site where this current study took place is subjected to
levels of aircraft disturbances from the adjacent Ministry of Defence site. Prior studies
related to the responses of individuals to aircraft disturbances typically range from
slightly increased vigilance behaviour to a flight response, where animals flee from the
affected area, either on a short term or in extreme cases, a long term basis (Bleich et
al., 1990; Tracey and Fleming, 2007). A study on bighorn sheep (O. canadensis) in the
Grand Canyon revealed that responses to overhead disturbance sources have the
potential to alter the time budget of species. In this study, helicopter fly overs reduced
the amount of time in which bighorn sheep spent foraging by 17% (Stockwell and
Bateman, 1987; Stockwell et al., 1991; Tracey and Fleming, 2007).

Previous studies have suggested that helicopters cause a more intense alert response
than fixed-wing aircraft in a number of megafauna species (Grubb and King, 1991;
Harrington and Veitch, 1991), however an individual's behavioural responses to
different models of helicopter or fixed wing aircraft have rarely been compared. Tracey
and Fleming’s’, (2007) study on goats discovered that individuals did not exhibit a
uniform response to aircraft disturbances. The height and model of the aircraft altered
the response exhibited by individuals; with individuals showing a heightened alert
response to the larger and louder Hughes 500 helicopter when compared to individual
responses to the smaller Bell Jetranger helicopter (Tracey, 2004). This difference in
response to the two helicopters by the feral goats suggests that the goats’ responses to
the helicopter are to the type of sound as well as noise level, with the Hughes 500
helicopter being more audible from the ground that the Bell Jetranger helicopter
(Tracey and Fleming, 2007). Born et al.’s (1999) study on seals in the Dollard estuary
supports the finding by Tracey and Flemming (2007). Born et al. (1999) found the
escape response of ringed seals (Phoca hispida) to be related to the type of aircraft,
with a stronger response to helicopters than to fixed-wing aircraft (Osinga et al., 2012).
In addition to this, Born et al., (1999) found that when aerial disturbances do occur they
appear to disturb the seals by the sound emitted rather than by the visual cues of the

vehicles.
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The responses of marine mammals to aircraft noise are complex and sometimes poorly
understood (Richardson et al. 1995). Responses may depend on factors such as
hearing sensitivity, habituation, and the presence of offspring. Behavioural responses
of populations could range from subtle changes to resting and foraging patterns to
active avoidance or escape from the region of disturbance. Age and sex are important
factors in noise sensitivity due to aircraft. For instance, juvenile and pregnant Steller
sea lions (Eumetopias jubatus) are more likely to leave a haul-out site in response to

aircraft disturbances than females with young (Calkins 1979; Hildebrand, 2005).

Boat disturbances primarily affect species which are found in aquatic and coastal
environments. Tripovich et al, (2012) looked into the effect that motor boat noise had
on Australian fur seals (Arctocephalus pusillus). The experiment examined and
revealed that fur seals use vocal plasticity to cope with alterations in anthropogenic
noises such as changes in the amplitude of the boat noise. The results suggest that
these seals perceived the boats as potential threats; with louder motor boat noise,
initiating a greater aggressive and alert behavioral response (Tripovich et al., 2012).
The study assumed that the response to these extreme sound levels generated
energetically costly behaviours involving the seals either orientating themselves
towards the boat noise, or physically moving away from the noise source (Tripovich et
al., 2012). Similar results were seen for other pinniped colonies and other marine

mammals (Cassini et al. 2004).

On land, there are numerous aspects of a pedestrian’s approach which may affect the
strength of a response by a population, these include: the approach distance; visitor
group size and behaviour; and the predictability of the disturbance source (Antarctic
Treaty consultative Meeting, 2008). Susceptibility to a source of anthropogenic
disturbance can be both species-specific, and within a population, individual specific.
Responses to anthropogenic disturbance might be in addition to this, influenced by
parameters such as the presence of, or distance to, a shelter, the location of any
offspring, and the density and composition of the population in which the individual is
located. In general, hunted populations have been revealed to show significantly
greater flight responses than non-hunted populations (Stankowich, 2008). In addition to
this, in areas where hiking is common, humans which hiked in a predictable hiking
context (i.e., on trails) were less threatening than humans hiking off trails (Stankowich,
2008).
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A major factor influencing these decisions in encounters with people is the person’s
distance to an individual within the population (Cassini, 2001), and the mode of their
approach to the animal. A study on New Zealand fur seals (Arctocephalus forsteri),
found that when tourists approached a distance of less than 5 m individuals reacted
with threatening behaviour (Pavez et al., 2011). Having said this, a study by Renouf et
al., (1981) found that harbour seals exhibited a very high tolerance to approaching
pedestrians during the breeding season. In addition, seals were observed to return very
promptly after, and even before, the departure of pedestrians during the breeding
season emphasizing the seals’ strong association with land during the breeding season
(Cunningham et al., 2009; Andersen et al., 2011).

A study on elk (Cervus elaphus) by Ciuti et al., (2012) indicated that it was not just the
number or distance of people, but above all it was the behaviour and composition of
the tourist group which moulded elk behaviour. The study found that higher numbers
of tourists can have an overall reduced effect on elk if the type of human activity is
relatively benign, i.e., the effect of hikers on elk behaviour was lower than that of
motorised recreational activities (Ciuti et al., 2012). In South American fur seals,
tourists shouting and running elicited a more negative response than those walking and
speaking in low voices (Cassini, 2001; Cassini et al., 2004). Cassini et al., (2004), used
voice level as one factor in rating the intrusiveness of tourists. In the study Cassini et
al., (2004) observed a much higher percentage of flush response and aggressive seal
behaviour, when the tourists behaviour was classified as intermediately to intensely

disturbing rather than calm (Cassini et al., 2004).

Few published studies (Burger and Gochfeld, 2007) have quantitatively considered the
effect of visitor group size on wildlife; although many studies have investigated the
effect that approach distance has on wildlife. This is surprising since it has been
demonstrated that if the visitor numbers in an area fluctuates spatially and temporally,
then fixed barriers are unlikely to be effective (Beale and Monaghan, 2004; Antarctic
Treaty consultative Meeting, 2008). Cassini et al., (2004) study on South American fur
seals noted fa visitor group size effect on individuals within the effected population:
families increased the mean number of fur seals reacting per approach. This result may
have been affected by the behaviour of tourists as well, since the chances of at least
one member of the group showing intrusive behaviours increasing with the size of the

group (Cassini et al., 2004).
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1.2.1 Sensory cues

The introduction has so far primarily discussed the effects that visual disturbances such
as aircraft and pedestrians have on the surrounding fauna; however it must be borne in
mind that disturbances are triggered by all senses, and it is not only visual cues which
have the potential to impact upon an individual's behaviour; other sensory cues can
also have significant impacts on an individual's behavioural repertoire such as auditory
and chemical cues. For example, studies on marine mammals have suggested that
anthropogenic noise can have many effects on both their behaviour and physiology.
Auditory stimuli can bring about changes in vocal behaviour, such as alterations in an
individual’s call duration or repetition rate, and changes to the frequency or amplitude
of call components (Antarctic Consultative Treaty, 2008). In extreme cases, marine
mammals may stop calling altogether (Foote et al., 2004). Furthermore auditory
disturbance events can lead to changes in movement patterns in order to avoid the
auditory cue altogether (Henry and Hammill, 2001). In particularly severe cases,
auditory disturbances can lead to physical injury or death of an individual (Richardson
et al., 1995; National Research Council, 2003). For anticipatory management
decisions, it is important to determine the relative severity of different auditory stimuli
on stress level (Ellenberg et al., 2013).The fact that stress in animals is induced by
human disturbance on animals is now widely accepted (Carney and Sydeman, 1999;
Dyck and Baydack, 2004; Martin and Reale, 2008), yet few studies have investigated
how different auditory stimuli affect the way that individuals behave in their natural

environment (MacDougall et al., 2013).

With regard to the impact of scent; olfactory cues have been shown in a number of
studies to evoke or alter the behavioural response of individuals in a range of taxa. For
example, field estimates of seed removal rates are often determined by monitoring the
survival of seeds placed at stations. Such experiments may unintentionally provide
seed predators, such as rodents and insects with unnatural olfactory cues (Duncan et
al., 2002). Duncan et al., (2002) compared the removal of seeds that had direct contact
with human skin with those seeds which had no contact with human skin. Rodents are
seed predators in many systems and have an acute sense of smell (Vander Wall,
1995, 1998). If researchers leave unnatural olfactory cues such as their own human
scent on the seeds, rodents may detect these experimental seeds more than the
naturally dispersed seeds. This could lead to differences in the seed dispersal patterns

of a habitat which is perturbed which could ultimately affect the amount and density of
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resources in different parts of the habitat exposed to different levels of human
disturbance. The study by Duncan et al., (2002) found that seed removal was greater
for seeds touched by researchers than those that were unscented. The effect of scent
on the removal of the seeds was pronounced during the first week, and then
disappeared, suggesting that the scent biases were weak and short-lived (Duncan et
al., 2002). Furthermore, studies on the impact that scent left by anthropogenic sources
has on the life history of species, have revealed that unnatural scents may impact upon
the survival rate of offspring. For instance, studies of avian nest predation which used
artificial nests and/or artificial eggs to quantify egg predation found that there were
higher predation rates on atrtificial rather than natural nests (Ortega et al., 1998, Sloan
et al., 1998; Wilson et al., 1998; Skagen et al., 1999; Zanette and Jenkins, 2000;
Duncan et al., 2002). Similarly, Whelan et al., (1994) found predation at artificial nests
monitored by researchers wearing commercial deer scent, which mask unnatural
human odours such as perfumes, body lotions and natural human scents, was lower
than predation at nests visited by researchers wearing perfume, or where no scent
manipulation took place. The results of these studies suggest that scent is a possible
factor that we must consider when looking at the impacts that disturbances have on the
behaviour of species in their natural environment when they are subjected to high

levels of ecotourism.

1.3 The generalised impacts of disturbance on animal taxa

Anthropogenic disturbance in natural environments is a significant catalyst of habitat
change, with potentially important implications for individuals, populations and
communities (Gill, 2007; Anderson et al., 2011). Anthropogenic disturbances have the
potential to influence many components of a species’ behaviour and physiology (Ciuti
et al., 2012). Changes in the behaviour of an individual or population as a result of a
disturbance stimuli may either occur directly, or indirectly by influencing aspects of an
individual’s being that determine fithess, and which may prompt a behavioural
response (for example, a reduced prey availability) (Fortin and Andruskiew, 2003;
Tuomainen and Candolin, 2010; Andersen et al., 2011). For instance, human
disturbances have been reported to negatively impact upon the breeding success of
penguins (Ellenberg et al., 2009), while in brown bears (Ursus arctos) the occurrence
of human disturbance was found to increase the brown bears energetic expenditure as
a result of behavioural modifications in the species (Ellenberg et al., 2009; Tripovich et
al., 2012). Further to this point, any initial behavioural modifications in response to a

disturbance event elicited by a population may over time proceed to influence the
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reproductive success and distribution of the effected population; which has the
potential to ultimately influence the biodiversity of the ecosystem (Tuomainen and
Candolin, 2011; Andersen et al., 2011; Benoist et al., 2013).

1.3.1. Mitigation Measures

As the number of tourists wanting wildlife encounters continues to grow, management
strategies are needed in order to limit the impact on those species subjected to
anthropogenic disturbances. One approach is to restrict public access with a physical
barrier, under the assumption that a barrier will provide a refuge for the wildlife (Ikuta
and Blumstein, 2003). Other forms of barriers include posting signs (Erwin, 1989;
Nordstrom et al., 2000); but these may only be effective in places rarely visited by
tourists. In sites that experience high levels of tourism, physical barriers such as
fences, may be the most effective way to prevent direct human interactions with wildlife
(Burger et al., 1995; Ikuta and Blumstein, 2003). Ikuta and Blumstein (2003) found that
birds located in highly visited areas which are protected by a fence line responded
similarly to birds located in areas that are subjected to low levels of visitation, and
behaved significantly differently from those birds located at sites with no fences that are
prone to high levels of visitation by tourists (lkuta and Blumstein, 2003). This study
suggests that by reducing the number of tourists at sites, and providing areas of refuge
for focal species, protective barriers allow individuals to behave as they would in an
undisturbed environment (Ikuta and Blumstein, 2003). This finding was consistent with
other studies which found that habituation was more likely to occur with repeated

exposure to humans when a barrier was in place (Cooke, 1980; Lord et al., 2001).

1.3.2 Habituation and sensitisation to disturbance events

The behavioural response of an animal to a specific disturbance event is likely to be
correlated to, as described in section 1.2., multiple interacting factors; for example
tourist group size and behaviour (Cassini et al., 2004; Baird et al., 2005), and the type
of disturbance involved (Rodgers and Smith, 1997; Rees et al., 2005). In addition to
this, the cumulative effect of repeated exposures to the disturbance will affect the
behavioural response of the effected population, leading to either sensitization or
habituation (Bejder et al., 2009; Andersen et al., 2011). A population level response to
a disturbance event is defined in this study as the long term effects on the general
activity budgets of a population in response to a disturbance event and any long term

changes to the survival rates and demography of a population as a result of these
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disturbance events (Suryan and Harvey, 1999; Stankowich, 2008). Here, habituation is
defined as a diminishing of a response to a frequently repeated stimulus (Krausman et
al., 2004). Contrastingly, sensitization occurs when repeated administrations of a
stimulus results in the progressive amplification of a response. Sensitization often leads
to an enhancement of behavioural and physiological response to a whole class of

stimuli in addition to the one that is repeated.

There is an argument that regular exposures to benign human activity can be tolerated
and accepted by an individual (Van Polanen Petel et al., 2008; Jiang et al., 2013).
Regular, non-threatening disturbances may enable animals to become habituated to
the disturbance source, and thus reduce the intensity of their reaction to the distance
(Jiang et al., 2013). The degree of habituation may vary amongst individuals within a
population (Picton, 1999; Stankowich, 2008); and individual variation in habituation
potential may be dependent on previous experience with humans (Ellenberg et al.,
2009). For example, ungulates in areas with frequent contact with humans showed
reduced flight responses compared to those ungulates in areas where human contact
is rare. This result is in agreement with studies of other taxa (Blumstein et al., 2003;
Cooper et al., 2003). Signs of habituation include a reduction in a behavioural response
to a stimuli or increase in reproductive success. The repeatability of this effect across
studies suggests that some species do habituate to humans in heavily populated areas
(Stankowich, 2008). One explanation for this lack of response may be due to the
motivation to stay or leave an area by an individual based upon the perceived quantity,
or quality of resources in that patch of habitat. Where there is a high quantity or high
guality of resources in an area there may be a correspondingly high motivation to stay
in the area regardless of the sources of anthropogenic disturbance, thus explaining the

observed apparent habituation by individuals (Gill et al., 2001).

Support of the idea that populations can habituate to human presence can be found in
a study of Weddell seals (Leptonychotes weddellii) by Van Polanen Petel et al., (2008)
which investigated the effect of repeated pedestrian approaches over a short-time
period (two hours) had on the behaviour of lactating seals. The study revealed that
seals exhibited evidence of rapid habituation to human presence; with a reduction in
the proportion of seals that responded to the disturbance source; with 67% looking up
during the first approach compared to 18% during the tenth approach by pedestrians
(Van Polanen Petel et al., 2008).
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Van Polanen Petel et al., (2008) study also revealed the importance of studying
populations over a long time period in order to gain a complete picture of a population’s
response to a disturbance source. The study, in addition to looking at the immediate
effects of disturbance, looked at the effect of irregular pedestrian activity over a long-
time period (approximately 3 weeks) on seal behaviour. Analysing the results over a
longer time frame revealed that seals did not habituate to the disturbance source over
this longer time period; rather adult female seals became more sensitised to pedestrian
approaches (Van Polanen Petel et al., 2008). Mellish et al., (2010) supported the
findings of Van Polanen Petel et al., (2008) study, reporting that varied levels of
pedestrian traffic within a two-hour window resulted in habituation of Weddell seals, but
repeated exposure over a longer period had the opposing effect and resulted in
sensitization to the disturbance source (Van Polanen Petel et al., 2006; Mellish et al.,
2010). These studies suggest that there is a potential for increased stress among
individuals when exposed to repeated but irregular disturbances over a single breeding
season which have the potential to affect the reproductive rates of females on the

colony and the survival of pups (Mellish et al., 2010).

In addition to the numerous studies which have chiefly focused on habituation to visual
stimuli, there is a wealth of studies which have alluded to the fact that some
populations have seemingly habituated to auditory disturbance stimuli present in their
environment. Temporal fluctuations in the reactions of wildlife to auditory stimuli are
well documented (Koehler et al., 1990), with a reduction in behavioural responses to
anthropogenic disturbance stimuli often noted during the breeding season. Most
animals are able to habituate to sounds discharged at regular intervals, and where the
possible threat to the individuals is not reinforced (Thompson and Spencer, 1966;
Tracey and Fleming, 2007). For example, Muskoxen (Ovibos moscharus) habituate to
regular helicopter flyovers (Miller and Gunn, 1980) and a population of pronghorn
(Antilocapra americana sonoriensis) which inhabit an air force base have been shown
to have habituated to the noise produced from overhead military flyovers (Krausman et
al., 2004). Krausman et al., (2004) study on pronghorn indicated that individuals
exposed to regular military flyovers behaved similarly to individuals in locations where
military flyovers were absent. Behavioural activity budgets of the pronghorn located
near to the military site were found to be similar to pronghorn which were not exposed
to military flyovers. From this result Krausman et al., (2004) concluded that the
pronghorn sheep near to the military site had habituated to the noise generated from
the flyovers over the herd. At the Donna Nook site where this current study is

conducted, the seals are subjected to regular flyovers by RAF military aircraft and it
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would be interesting to note whether the seals at the Donna Nook colony show signs of
habituation to not only the visual disturbances at the site but also the auditory stimuli

centred around the military flyovers.

It is recognised that the absence of notable behavioural responses does not
necessarily indicate habituation (Beale and Monaghan, 2004). Increasingly
physiological evidence of habituation is being sought to confirm whether habituation
has indeed occurred within a population (Antarctic Treaty consultative Meeting, 2008).
Even in cases where animals at a site show apparent evidence of habituation, it should
be borne in mind that the disturbance may have merely caused the less tolerant
individuals to abandon the site, leaving behind only the most tolerant individuals
(Antarctic Treaty consultative Meeting, 2008). Wrongful application of the term
habituation can mislead wildlife managers to conclude that anthropogenic activity has
benign consequences for wildlife which has the potential to seriously undermine

management plans for an area (Bejder et al., 2006).

1.4 How responses to disturbances are measured

There are numerous ways in which it is possible to study and measure an animal’s
response to disturbance events, but changes in an individual's behavioural repertoire is
often the first, and also the most obvious consequence of anthropogenic activities; so it
is not surprising that given this, many researchers use behavioural observations to
gather evidence for the possible effects that disturbances have on individuals (Fortin
and Andruskiew, 2003; Nettleship, 1972; Beale, 2007; Benoist et al., 2013).
Behavioural responses have the added benefit of being able to provide fast evaluations
of how individuals are reacting to sources of disturbance in their natural environment.
For instance, it has been proposed that certain behavioural responses, such as
vigilance levels, can be used to estimate an individual’s tolerance to a particular
disturbance event, which can then be used to guide management actions at local,
regional and possibly even national scale in order to reduce these behavioural impacts
(Lima and Dill, 1990; Fox and Madsen, 1997; Gill et al., 2001; Stankowich and Coss,
2007). Tolerance is here defined as the capacity of an individual to endure subjection

to a disturbance event without an adverse reaction.

In order for scientists to study the effects that anthropogenic disturbances have on a
population, scientists must first be able to note the general patterns of behaviour of

individuals within a population under normal conditions (i.e. with no human
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disturbances) throughout different life stages of the species. It is only then that
scientists can start to discern what behavioural responses may be linked to a
disturbance event and what behaviours may just be part of their everyday repertoire.
After an indication of the types of responses to disturbance event by an individual have
been identified, defining the possible behavioural responses of anthropogenic
disturbance which have the highest biological significance in terms of threatening the
survival and successful reproduction of the population is critical for maintaining healthy
populations of the species (Carney and Sydeman, 1999; Gill et al., 2001; Engelhard et
al., 2002).

Disturbed animals will often undertake vigilance behaviours to evaluate the potential
danger to themselves and possibly their offspring and kin (Dyck and Baydack, 2003;
Cassirer et al., 1992). In this respect, it is possible that measuring the vigilance
responses of individuals in disturbed populations could be a useful way in which to
measure the effects of disturbance events on targeted populations. Vigilance patterns
are often moulded by: the density/ proximity of predators; human disturbance patterns;
and the population’s abiotic habitat. For instance, upon encountering pedestrians, a
number of bird species have been shown to increase the time they devote to vigilance
behaviours, and diminish their rates of foraging (Fernandez-Juricic and Telleria, 2000).
In extreme cases they may even flee the disturbed site altogether (Miller et al., 1998;
Fernandez-Juricic and Telleria, 2000). The principal cost of vigilance is thought to be
time, where opportunities for alternative behaviours are lost, with the most common of
these trade-offs occurring between vigilance and foraging behaviours. Many theoretical
models assume that vigilance is irreconcilable with foraging behaviours and many
studies have indeed recorded that time spent vigilant is usually inversely correlated
with time spent feeding (Cassini et al. 2004; Gill, 2007; Ciuti et al. 2012). For example,
a study by Roe et al., (1997) showed that the presence of humans triggered an
increase in vigilance and decrease in foraging behaviours in elk (Cervus Canadensis)
(Roe et al. 1997; Wolf and Croft, 2010). In addition to such trade-offs between vigilance
and maintenance behaviours (these being behaviours associated with comfort
movements, exploration and foraging), vigilance levels of many species have been
shown to increase in females with offspring, which may impact on the proportion of
time a female can afford to spend nursing her offspring, which may ultimately impact on

the survival probability of the affected offspring (Wolf and Croft, 2010).
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1.5 Species and individual response variations to disturbance events

Prior research on species’ responses to anthropogenic disturbance has supported the
idea that susceptibility to various sources of anthropogenic disturbance is likely to be
species-specific (Antarctic Treaty consultative Meeting, 2008). However, behavioural
responses to disturbances are always context-dependent and individual responses to
human presence will therefore depend on the trade-offs experienced by those
individuals within a population; meaning that not only are responses to disturbance
species specific, but often they are also individual specific (Gill, 2007). For example,
the decision to stay or to leave an area by an individual in response to a disturbance
event will ultimately be influenced by: the quality of the area in terms of its resources;
the availability and relative quality of alternative areas which the individual could move
to; and the disturbance source (Gill, 2007). In addition to this, there are number of other
intrinsic and contextual factors which have been shown to impact upon an individual’s
tolerance level to a disturbance event including: colony size and composition; time of
day or year; stage of breeding; and variations in an individual’s age, size, condition,
and personality. For example, conclusions based on Clemmons et al., (1997) study
suggest that during the breeding season, the occurrence of stressful events may
redirect an individual's behaviour towards survival rather than reproduction; and
consequently, increase the possibility of offspring abandonment (Clemmons et al.,
1997, Ellenberg et al., 2013). Due to the diversity of factors which have the potential to
impact upon the type and level of disturbance response exhibited by individuals; it is no
wonder that much individual variation, even within a population exists in reaction to a
particular disturbance event (Antarctic Treaty consultative Meeting, 2008). The
following two sections will discuss in greater detail the effects that breeding context and

intrinsic factors have on an individual's response to a disturbance event.

1.5.1 Breeding Context

From a conservation perspective, human disturbance of wildlife in the past has been
considered only important if it is known to affect the survival and/or fecundity of the
species, and hence cause the population to decline. It was therefore vital for
conservationists to know whether the effects of disturbance stimuli do result in a
decline in the size of a population (Gill and Sutherland, 2000; Gill et al., 2001). This
prior conservational perspective has over recent decades been overturned and there

are now numerous projects which look to conserve environments that are not yet
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thought to be under threat of extinction but are exposed to anthropogenic disturbances
(Foster et al., 2003; Bassett et al., 2004). Anthropogenic disturbances can be
particularly detrimental during certain critical periods of an animal’s life when animals
are in a vulnerable condition such as during pregnancy and nursing (Phillips and
Alldrege, 2000). In female mammals lactation is a period of maximum energetic drain
and therefore may present a time when animals may be most vulnerable to a
disturbance event. If this is indeed the situation, the reproductive success of the
population would likely be affected (Bejder et al., 2006). Within colonies, females may
be more sensitive to disturbances at certain stages of breeding season, since parental
defence of offspring is likely to increase as the breeding season progresses due to the
high density of individuals found at breeding colonies, and the higher male: female
operational sex ratios found later in the breeding season (Newby, 1973; C6té, 2000;
Antarctic Treaty consultative Meeting, 2008). Within a breeding season, disturbance
stimuli may have the ability to change the location of breeding sites, by discouraging
first-time breeders from settling near sources of disturbance (Antarctic Treaty
consultative Meeting, 2008). Consequently the density of females at breeding sites
may be affected at disturbed sites which have the potential to affect the reproductive

success of individuals at these disturbed locations.

When evaluating the effects that disturbances have on individuals during the breeding
season, it is important to note that both the type and intensity of the behavioural /
physiological response may vary depending on the stage of the breeding season. For
example, human disturbances which occur early in the breeding season in penguins
have been known to cause not only egg loss but also nest abandonment (Hockey and
Hallinan, 1981). Having said this, once nests are established, most penguin species
show negligible behavioural responses to human disturbance (Nimon et al., 1995),
which can often be mistaken for habituation (Seddon and Ellenberg, 2008; Ellenberg et
al., 2009; Ellenberg et al., 2013). This change in behavioural response is not uniform
across all taxa and even varies between penguin species. For instance, Wilson et al.,
(1991) noted, in contrast to Ellenberg et al., (2013) that Adélie penguins (Pygoscelis
adeliae) attending chicks late in the breeding season will often flee from the area if
approached by pedestrians to a distance within 6 m. This is in contrast to the behaviour
of the females with young chicks, where adults will tolerate pedestrian approaches
within 1 m of the nest site (Wilson et al., 1991).

For long-lived females breeding experience and current environmental conditions can

vary widely and have been known to impact upon offspring survival (Hadley et al.,
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2007).Many studies have investigated how various parental traits impact offspring size,
development, and survival (Dejesus and Hirano, 1992; McCormick, 1998). There is
general agreement that fecundity and offspring size and survival at independence are
related to a female’s age and body size (Bernardo, 1996). There is some consensus
that disturbance events may alter the condition of the females of a species at
parturition which may in turn impact upon the survival chances of the offspring they
produce (Antarctic Treaty consultative meeting, 2008). Variation in a female’s
response to a disturbance event during the breeding season is generally accounted for
by a combination of maternal characteristics such as age and previous experiences

with a disturbance source.

1.5.2 Intrinsic differences between individuals within a population

In addition to the type of disturbance, and whether the disturbance occurs within or
outside the breeding season, the tolerance of an animal to human proximity varies with
the species, time of day, and other life history traits such as age, size, condition,
current behavioural state, and previous experiences with a particular disturbance
stimuli (Gill et al., 2001; Ellenberg et al., 2013). For example, in yellow bellied marmots,
juveniles spent significantly less time vigilant than yearlings and adults when faced with

anthropogenic disturbances (Li et al., 2011).

With respect to sex, the results of some studies seem to indicate that males and
females appear to be affected differently by human activity (Childress and Lung 2003,
Ciuti et al., 2004; Lykkja et al., 2009), possibly as a results of the variations in life
histories between the two sexes. For instance males of many species have to compete
to win mates whereas most females that are of breeding age will be mated within a
breeding season; however after birth females of many species will solely look after
offspring with little to no paternal engagement. In addition to this females often have a
longer reproductive lifespan than males, and often reach maturation at an earlier age.
These differences in life histories may make the different sexes more responsive to
disturbances at different stages in their life cycle. For example, it might be expected
that males might be more risk-taking than females due to the fact, as mentioned
previously, males of many species such as many pinniped species do not have to
protect their offspring after birth (Lykkja et al., 2009). Barton et al., (1998) found a
differential response between male and female New Zealand sea lions (Phocarctos
hookeri) to tourist presence; females tended to respond negatively to disturbance

events and exhibited a more intense response when visitors approached at a shorter
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distance. In contrast, males defended their territories from disturbances, and
responded with more aggressive behaviours directed at tourists at greater distances,
and continued with aggressive bouts for a much longer time than females (Barton et
al., 1998; Pavez et al., 2011).

Many studies have investigated how various parental traits impact offspring size,
development, and survival (Dejesus and Hirano, 1992; McCormick, 1998). In most
mammalian species, females bear all the direct costs associated with producing
offspring; which include those for gestation, birth, lactation and parental care (Anderson
et al., 2011). In addition to this, for long-lived iteroparous females, the success of any
one reproductive season may be influenced by their efforts in their preceding breeding
seasons (Newton, 1989; Pomeroy et al., 1999). Variations in an individual’s response
to a disturbance event during the breeding season may also be dependent upon the
sex of the female’s offspring (Smiseth and Lorensten, 1995b). In polygynous, sexually
dimorphic species, parents may be predicted to bias their parental investment towards
sons, and so spend a higher proportion of their time engaging in nursing and protective
behaviours, and staying within a closer proximity with a male offspring than a female
young. This is due to the fact that adult males commonly experience variations in
reproductive success whereas most reproductively active females at a breeding colony
will be mated by a male and so will have a fairly uniform reproductive success rate
(Trivers and Willard, 1973). Moreover, male reproductive success is often dependent
upon their adult body size, which, in turn may depend on the level of parental
investment they received as an infant (Smiseth and Lorensten, 1995b). No study, as of
when this thesis was published has looked at whether this bias between the sexes

remains under disturbed conditions.

Offspring fitness is derived partly from the input of the mother, in terms of the amount
of parental care and provisioning derived from their mother (Evans, 1990). In the
evolutionary concept of life history theory, natural selection is supposed to not only
optimise the chances of offspring survival, but also optimise parental fithess (Stearns,
1976; Georges and Guinet, 2000). Females may vary in condition not only from one
another but the same individual may vary in condition from one breeding season to the
next (Pomeroy et al., 1999). In this respect individual females may vary their responses
to disturbance events during the breeding season based on their body condition and
age. Environmental changes and disturbance events may influence the rates of
parental expenditure on offspring by altering the accessibility of resources to individuals

(Ono et al., 1987; Pomeroy et al., 1999). When disturbances elicit extreme responses
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from individuals, females may exert more of their internal resources into their own
survival resulting in a correlated reduction in parental investment into the young
produced in that year (Pugesek and Diem, 1983; Evans, 1990). During reproductive
events, parental strategies are expected to optimise the rate of energy acquisition of
the offspring (Coulson, 1968; Pomeroy et al., 1999; Georges and Guinet, 2000).The
theory of state-dependent life history evolution predicts that mothers of different
physiologic states might have different maternal care tactics, with females in better
condition investing more in her offspring than those in poor body condition (Chastel et
al., 1995; McNamara and Houston, 1996; Georges and Guinet, 2000). During periods
of anthropogenic disturbance during the breeding season, those females which show a
heightened response when compared to the rest of the population may favour
investment into their own survival, thereby reducing their investment in their own pup,
potentially affecting the pup’s long term chances of survival. An individual's response to
a disturbance event may depend on an individual's age and prior experience to a
disturbance, thus suggesting that an individual’'s response to a disturbance event may
alter the partitioning of resources between mother and pup by redirecting resources to

their own survival rather than the survival of their pup (Georges and Guinet, 2000).

In a wide range of species, individual differences in behavioural reactions when facing
challenges such as disturbance events remain consistent over time and across
situations (Réale et al., 2007; Fernandez-Juricic, 2000; Twiss et al., 2012). These
behavioural consistencies often referred to as temperaments, or personalities have
chiefly focussed on non-reproductive contexts. Nevertheless, many vertebrates can
present individual differences in relation to reproductive behaviours, commonly termed
mothering styles (Twiss et al., 2012). Mothering styles are defined as “the occurrence
of consistency over a number of periods of maternal care with regard to relative
differences between mothers for parameters of maternal behaviour” (Albers et al.,
1999). In short, they are consistent individual differences (CIDs) in maternal
behaviours, within a population, across a number of rearing periods. Mothering styles
may affect how individual females respond to disturbances during the breeding season
(Hill et al., 2007). Mothering styles have been identified in a range of non-human
mammals, from rodents (Albers et al.,1999) to rhesus and Japanese macaques
(Macaca mulatta, Macaca fuscata, respectively, Weaver and de Waal, 2002;
Maestripieri et al., 2009), grey seals (Halichoerus grypus, Twiss et al., 2012) and
humans (Homo sapiens, L., Meaney, 2001).
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The proactive- reactive axis of personality may be a model which can aid in the
explanation as to why there is a variation in response to disturbance events by
individuals within a population. According to Koolhaas et al., (1999), reactive animals
show higher cortisol release in response to a stressor than do proactive individuals
(Martin and Reale, 2008). In general, proactive individuals tend to form routines, are
more aggressive, and express limited flexibility in their behavioural repertoires
compared to reactive individuals, who mold their behavioural response to an individual
situation, and are more responsive to environmental stimuli such as disturbances
(Twiss et al., 2012). It is known that the temperament of an individual (i.e. whether it is
proactive or reactive), affects its dispersal (Fraser et al., 2001; Dingemanse et al.,
2003); meaning individuals within a population may vary in their potential to occupy
habitats with different amounts of anthropogenic disturbance in accordance with their
temperament (Martin and Reale, 2008). As a consequence, endocrinal differences
between animals occupying disturbed and undisturbed areas may not be solely a direct
effect of stress response to disturbance by humans, but may also reflect the non-
random spatial distribution of individuals of different temperaments (Martin and Reale,
2008). Martin and Reale’s, (2008) results pointed out an important issue: individuals
are distributed non-randomly according to their temperament across a disturbance

gradient.

Despite the establishment of theoretical models (Weaver and de Waal, 2002) which
have been developed in order to explain mothering styles, and the responses to
disturbance in many species , there remains a lack of empirical evidence to support
these models for selective mechanisms that maintain this variation in wild populations
(McDonald et al., 2012; Twiss et al., 2012). A study by Twiss et al., (2012) examined
whether behavioural types were present in a wild population of female grey seals at the
North Rona breeding colony and then related this to fithess measures. The degree of
change in pup-checking rates in the study by Twiss et al., (2012) across situations
suggests a range of behavioural types, indicative of a proactive-reactive axis. Twiss et
al., (2012) study indicated that proactive females tended to perform pup-checking
behaviours at a constant rate irrespective of the situation, indicating a very limited
plasticity. In contrast to this, reactive females altered their pup-checking rates markedly
between the undisturbed and disturbed conditions, displaying a high degree of

behavioural plasticity in order to react to the environmental stimuli (Twiss et al., 2012).

Further to the comparison of individual behaviours across disturbance situations, this

current study will also use a measure of mother-pup relationship quality adapted from
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Weaver and de Waal, (2002) in order to test whether the quality of mother-offspring
relationships in grey seals remained constant across disturbance contexts. The
Mother-Offspring Relationship Quality (MORQ) index was originally used by Weaver
and de Waal, (2002), to describe the quality of mother-offspring relationship in brown
capuchin monkeys. This index was calculated based on a ratio of affiliative to rejective
behaviour seen between mothers and their offspring, relative to the ratio of all other
mother-young pairs within the study. This index allows identification of mother-offspring
pairs with a more affiliative relationship and those with a more rejective relationship

relative to the population as a whole.

1.6 Why is it important to study the effects of disturbance in marine

mammals?

Although growth of the ecotourism sector has occurred in almost all natural areas,
none have seen the surge in popularity with the general public greater than marine and
coastal environments (Bejder et al., 2006; Garrod and Wilson, 2004); where the
attractions of viewing large mammals such as cetaceans and pinnipeds with some
predictability in the wild seems to have the ‘wow’ factor to attract large numbers of
people, often willing to pay substantial sums of money (Hoyt, 2001; Strong and Morris,
2010). For example, cetacean watching, which targets at least 56 (including
endangered and threatened) species, involves more than 9 million people a year and is
worth approximately US$1 billion (Samuels et al. 2003; Bejder et al. 2006). Cetacean-
watching tourism is commonly presented as a benign alternative to whaling (Hoyt,
1993), that enhances public attitudes toward the marine environment (Orams, 1997)
and helps support local economies (Hoyt, 2001). Nevertheless, given the nature of this
type of tourism, which often demands close encounters with the cetaceans, along with
the that fact that specific cetacean communities are quite often small; there exists a
considerable potential for harmful consequences in targeted animals (Bejder et
al.,2006). It is therefore crucial that a greater assessment of the impacts of these
disturbance events in marine mammals is built up to grasp a more complete
understanding of their behavioural and physiological responses to human activity (e.g.,
Bejder et al., 1999; Constantine et al., 2004; Corkeron, 2004; Samuels and Bejder,
2004; Bejder et al., 2006). While the number of people wanting to participate in
ecotourism activities in aquatic and coastal environments continues to rise, wild aquatic
and semi-aquatic mammals have received far less attention in terms of research into
the impacts of disturbance than land mammals (Hoyt, 2001; Bejder et al., 2006). This is

presumably due to the fact that behaviour is far more difficult to follow and assess once
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the focal individual enters an aquatic environment. As the unabated growth of nature-
based tourism is forecast to continue at least for the foreseeable future, particularly in
marine and coastal habitats, it is imperative, not only for ecological, but also for
economic sustainability, to study the effects that anthropogenic disturbances have on
the behaviour of affected populations in order to minimize the associated possible
survival and reproductive impacts on the focal species (Orams, 1995; Ellenberg et al.,
2013).

A major impediment to evaluating the biological impacts of noise on marine mammals
is the gaps in our knowledge regarding marine mammal responses to sound
(Hildebrand, 2005). These gaps exist due to the fact that it can be difficult to track the
fleeting behavioural responses of marine mammals to disturbance events under water.
Instead reliance is sometimes placed on the demographic effects of disturbances on
the populations being studied are identified in addition to or instead of collecting
behavioural data (Bowles, 1995; Richardson et al., 1995; National Research Council,
2003; Foote et al., 2004).The responses of marine mammals to sound depend on a
range of factors including: the sound pressure level, the frequency, duration, and
novelty of the noise source (Antarctic Treaty consultative meeting, 2008). Secondly the
physical and behavioural state of the animals may impact how individuals will respond
to an auditory stimulus. Finally the ambient acoustic and biotic features of the
environment itself may affect how populations/individuals will respond to a stimulus
(Hildebrand, 2005). The characteristic of the noise, in particular whether it is continuous
or transient, and whether it is constant or changing is an important factor influencing
the effect of anthropogenic noise on wildlife. For example, in rodents, exposure to a
continuous, intensive sound can result in health effects, while intermittent noises do not
(Borg, 1981). This is possibly as a result of the fact that the animals have time to
recover between successive exposures to the sound. Humans too have been found to
be more sensitive when exposed to a continuous noise than an intermittent pulsed
noise (at equivalent peak levels) (Bowles, 1995; Fidell et al., 1970). The reasons for
this heightened response to continuous noises in mammals, particularly those in an
aguatic environment, may be due to the fact that continuous noises have the ability to
mask vocalisations for long periods; with an associated drop in the effective range of

communication (Bowles, 1995).

It is not only whether a sound is continuous or intermittent that is important. In addition
to this, whether a sound is constant or changing is also an important aspect of sound

which may influence the behavioural response of an individual. For instance rapid
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movements of vessels, with sudden changes in speed or direction, are especially
disturbing to marine mammals (Richardson and Wiirsig, 1997). For example,
Californian sea lions (Zalophus californianus) are more likely to respond to nearby
boats when motor noise levels vary (Richardson et al., 1995). In addition to this,
hauled-out sea lions are found to show the greatest response to those sea vehicles
which make abrupt changes, as these vehicles produce the greatest change in noises
(Richardson et al., 1995). Myrberg, (1990) supports this argument concluding that a
sudden change in amplitude is often considered as a prime stimulus to initiate

behavioural responses indicative of disturbance in a species.

With respect to auditory disturbances there are some physiological constraints of
animals which affect their ability to respond to disturbances. In pinnipeds, despite
similarities in the underwater hearing capabilities of phocids and otariids; there are
some remarkable dissimilarities between the two groups in terms of their hearing
ranges. Phocids have lower thresholds of hearing at both low (<4 kHz) and high (>20
kHz) frequencies (Kastak and Schusterman, 1998). Additionally, in most phocids,
underwater pressure thresholds are comparable to their in-air thresholds, while in
otariids, underwater thresholds are higher than their in-air thresholds, which suggest
that phocids are amphibiously adapted while otariids have remained essentially air-
adapted (Kastak and Schusterman, 1998).

Studies assessing the impacts of noise on animals usually use behavioural avoidance
responses as a measure of evasiveness or severity of disturbance (Nowacek et al.,
2007). This is problematic because motivation and learning can minimise such
responses while detrimental effects remain unchanged (Gotz and Janik, 2010). For
example, while seals in British Columbia showed a lack of aversive responses to
acoustic predator deterrent devices used to protect fish farms (Jacobs and Terhune,
2002) cetaceans were deterred by these devices for several consecutive years (Morton
and Symonds, 2002). As the cetaceans did not feed on fish in farms, their motivation to
stay in the area may have been lower than that of the seals. This being said, the
signals could still have had an effect on the hearing abilities of the seals (Gotz and
Janik, 2010); thus, it is important to elucidate the role of motivation and learning in the
control of avoidance responses to possible disturbance sources (Gotz and Janik,
2010).

Two decades have passed since the National Research Council (1994) put forward a

set of research priorities for understanding the effects of noise on marine mammals. In
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most of the areas defined by the priorities a basic understanding is still lacking. The
behavioural responses of mammals to noise are complex, and still poorly understood
(Richardson et al., 1995; Hildebrand, 2005). Responses in marine mammals are
thought to depend upon hearing sensitivity, behavioural state, habituation or
desensitization, life history traits, presence of offspring, and the type and location of the
auditory stimulus. In mammals such as seals, responses have been shown to range
from subtle changes in surfacing and breathing patterns, to cessation of vocalization,
and avoidance of areas subjected to the highest levels of auditory disturbance (Cassini
et al., 2004; Hildebrand, 2005). Age and sex are important factors in noise sensitivity.
For instance, juvenile and pregnant Steller sea lions (Eumetopias jubatus) were more
likely to leave a haul-out site in response to overhead aircraft than males and females
with young (Hildebrand, 2005).

The heightened level of tourism experienced at these locations can negatively affect
marine mammals resting and breeding behaviour if proper management is not in place
(Cassini et al., 2004). Fences in coastal habitats are expected to dramatically reduce
the frequency of human—wildlife encounters by spatially limiting the possibility of human
access, provided tourists respect the management schemes. However, because
fences function only as physical barriers and do not provide protection against
visual/auditory stimuli, to demonstrate their effect fully, it is vital to show not only that
human-wildlife interactions are reduced due to a spatial displacement of human
disturbance, but also that the behavioural responses of animals change (Cassini et al.,
2004). Previous studies on pinnipeds underscore the fact that there appears to be a
threshold distance (about 10 m between tourists and animals) that triggers negative
behavioural responses (Kovacs and Innes, 1990; Cassini, 2001). Cassini et al., (2004)
study on fur seals found that although human disturbance levels were similar between
the years in which the study was conducted, the erection of a fence not only reduced
the overall responses to tourists by 60%, but also reduced the behavioural responses
of individuals to tourist groups of more than two people, and diminished the responses
of fur seals to those tourists which approached at a reduced distance (less than 10 m)
(Cassini et al., 2004). Although the effects of small and large visitor groups on some
species’ behaviour have been shown to decrease after the erection of a fence line, the
effect that visitor group size has on wildlife has important implications. Studies in this
area indicate that visitors should be advised to approach animals calmly, and that
larger visitor groups should be split and separated temporally when approaching
individuals (Engelhard et al., 2001; Ikuta and Blumstein, 2003; Cassini et al., 2004).
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1.7 Why choose pinnipeds to study disturbance?

Pinnipeds provide an excellent opportunity for researching the impacts of disturbance
on aquatic wildlife, as although they spend most of the year at sea, most give birth and
wean their pups whilst on land. Pinnipeds have a high predictability in breeding, both
spatial and temporally during the breeding season (i.e. they give birth at the same time
and place each year). Due to this spatial and temporal predictability it often means that
pinniped colonies on land are subjected to high levels of tourism (Pavez et al., 2011).
The high level of tourism experienced at many breeding colonies has the potential to
affect the breeding behaviour of females on the colony which could affect offspring
survival. Frequent disturbances of pinniped colonies during the breeding season can
alter nursing patterns (Suryan and Harvey, 1999), increase female vigilance (Engelhard
et al., 2002; Pavez et al., 2011), increase aggressive behaviours (Barton et al., 1998,
Cassini et al., 2004) and even cause the abandonment of offspring (Born et al., 1999,
Cassini et al., 2004). As the survival chance of pups depends largely on feeding in
undisturbed nursing bouts throughout the weaning period any disturbance events
which reduce the time in which mothers spend nursing their young has the potential to

impact on the survival rate of pups at that colony (Drescher, 1979).

1.8 Why choose grey seals to study disturbance?

The grey seal is the largest carnivore native to the UK. The distribution of the grey
seal is restricted to three distinct aggregations in the Northern Hemisphere;
populations inhabiting the eastern and western Atlantic coastlines, and a separate
third isolated aggregation in the Baltic Sea (Harding et al., 2007). Worldwide there are
currently thought to be about 380,000 grey seals. On the International Union for
Conservation of Nature (IUCN) red list of threatened species, grey seals are listed as
being of least concern (IUCN, 2010). This is no doubt in part due to the many laws
which have been enforced in order to protect the grey seal populations around the
world since the early 1900s. In the UK, under the Conservation of Seals Act 1970, the
Natural Environment Research Council is under obligation to the UK government to
provide advice on methods to sustain a viable population of grey seals in and around
the British Isles (Special Committee on Seals, 2009). Almost 40% of the worldwide
grey seal population can be found in the eastern Atlantic subpopulations which inhabit
the UK (SCOS, 2011). Whilst around 90% of the UK grey seal populations, located
around the Scottish coastline and its surrounding islands and so are isolated from

human disturbance, some colonies can be found dotted around the English coastline,
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such as the one in Donna Nook, Lincolnshire. These colonies are often exposed to
various levels of anthropogenic disturbances. It is important to understand the effect
that anthropogenic disturbances have on these populations in order to ensure that

viable populations of grey seals are maintained in the future.

Based on prior studies of grey seal behaviour and the responses of other pinniped
colonies to sources of anthropogenic disturbance, this thesis will examine the impacts
that visual and auditory disturbance events have on the breeding behaviour of the grey
seals at a major mainland UK colony subject to high levels of ecotourism. Although
much of thesis will analyse the types of behavioural responses derived from
anthropogenic disturbance events, the impacts of natural disturbances upon female
breeding behaviour will also be examined in this study. This is because it is imperative
to decipher whether the range of responses generated by anthropogenic disturbance
are both qualitatively and quantitatively different from responses to natural stressors,
such as conspecific interactions. The study will not only look closely at any alterations
in the reactions to disturbance events as the breeding season progresses, but will more
importantly focus on any alterations in biologically significant behaviours such as
vigilance and mother-pup behaviours, which have been shown in prior studies to affect
the survivorship rates of pinniped pups at breeding colonies (Drescher, 1979; Suryan
and Harvey, 1999). The number of individual and environmental covariates may
correlate with a females predisposition to respond to a disturbance event, for example,
the type and regularity of the disturbance source, the females prior experience of the
disturbance stimuli, the abiotic and biotic components of the location within the colony
where the female is nursing, the physical and social characteristics of the female and
the age, sex and condition of the pup. In order to determine if individual responses to
disturbance events are likely to be an indirect result of any of these covariates | tested
for an association between the behavioural responses of individuals and the above-

mentioned covariates.

1.9 Maternal behaviour and the factors which affect it

After a female grey seal has given birth to a single pup she will quickly establishes a
bond with it by learning its unique scent (Redman et al., 2001). This allows
identification of the pup within the colony throughout the weaning period (Fogden,
1971; Insley et al., 2003). Although allo-sucking and fostering does occur within the
species, females primarily only raise their own single offspring to weaning. Due to the
fact that pups face many dangers during the weaning period, females typically stay

within a close proximity to their pup to prevent injury (Redman et al., 2001). The
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energetic investment into each individual offspring in terms of both pregnancy and
rearing are quite high. The reason why grey seals in particular were chosen to be
examined in this study was due to the fact that they are capital breeders with a short
period of investment (3 weeks) which is very different to most other mammals. The
short rearing period to independence of grey seals makes them an ideal study subject
as it is possible to follow the full rearing period of a pup in a short amount of time,
meaning that during a single breeding season a large sample of females can be
followed from birth to weaning. In addition to this, grey seals typically give birth to a
single pup meaning there are no litter complications and there is no paternal care
within the species. Furthermore as the gestation period for the grey seal is a year,

pupping occurs at the same time each year.

Previous studies indicate that the leading causes of pup mortality, excluding still births
is from starvation; injuries sustained from conspecifics (Anderson et al., 1979; Baker
and Baker, 1988; Redman et al., 2001); being attacked by other species such as gulls,
or being crushed or injured during a disturbance event which could lead to the mass
movement of individuals (Coulson and Hickling, 1964). In other instances where the
pup is injured but does not die, the pup may die at a later date as a result of any
infection which may develop in the wounds which the pup sustained from any
altercations. Instances where the pup may starve to death include cases where the
mother may permanently abandon her pup which may arise due to some form of
disturbance event, or by the female purposefully returning to the sea before the pup
reaches independence (Coulson and Hickling, 1964; Redman et al., 2001). In addition
to this, if the mother fails to provide a rich enough milk, in sufficient quantity, the pup
may not gain enough mass before reaching independence and will starve shortly after

weaning (Coulson and Hickling, 1964, Stevens and Boness, 2006).

The average proximity between the mother and pup varies between sites and pup age
and individuals, with females tending to remain closer to younger pups (Boness et al.,
1982; Redman et al., 2001). Where topography means it is energetically expensive to
reach the sea, or where there is a high likelihood of harm coming to the pup if it is left,
then the mother will also remain closer to her pup. On one Scottish island colony,
median daily movements to nearby pools of water typically occurred within 10m of the
pup (Redman et al., 2001). In short, as the mother is the sole source of nourishment
and social interaction that the pup receives before it is weaned; variations in the level of
maternal investment are likely to affect the survivorship potential of a pup (Pomeroy et

al., 1999). The level of input into these interactions by a female seems to fluctuate

38



between individuals; with some females showing more attentive behaviours than others
(Twiss et al., 2012). A number of factors have been linked to the expected level of
maternal input shown by an individual female and these are discussed in detail in the
subsections below. In terms of pup survival, any stimuli which have the potential to
affect the interactions and/ or bond between a mother and her pup could be detrimental

to the offspring’s survival.

1.9.1 Maternal characteristics and state dependent factors

Pomeroy et al., (1999) found that a mother’s energetic expenditure on her pup in any
given year impacts upon her fithess in the subsequent breeding season and excessive
expenditure has a cost to the female (Pomeroy et al., 1999). A study by McDonald et
al., (2012) noted that life-history theory predicts that selection will favour optimal levels
of parental effort that balance benefits of current reproduction with costs to survival and
future reproduction; this especially being true of long lived species, such as seals. The
optimal level of current reproductive effort will depend on: maternal physiological and
behavioural traits; offspring traits; and environmental factors which may affect
provisioning. Additionally, how these factors influence effort may differ depending on
the stage of reproduction, and any sources of disturbance which may provoke a
behavioural or physiological response in the mother, pup, or surrounding members of
the colony (McDonald et al., 2012). However not only is the correct partitioning of
resources important for the female, additionally, the weaning mass of the pups is
related to future survival and reproductive success, suggesting that increased maternal
energy investment will increase the pups’ fithess and chance of survival (Boltnev et al.,
1998; Hall et al., 2001; McDonald et al., 2012). Therefore it is essential that a female
partitions her resources between herself and her pup in a way which maximises the
chance of her current pup’s survival while minimising the negative effects on her
potential future reproductive success (Pomeroy et al., 1999; McCulloch and Boness,
2006). Sources of disturbance have the capacity to impact this delicate partitioning of

resources.

Bowen et al., (1993) suggested that a mother’s prior experience will affect her level of
maternal investment; with more experienced mothers investing more into the pre-natal
period, and giving birth to larger pups which have higher rates of survivorship (Bowen
et al., 1993). Bowen et al., (1993) put forward that the reasoning behind this was that

older, more experienced mothers should invest more in current reproductive efforts as

they may not have many breeding seasons left, whereas younger, less experienced
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mothers should invest more in future reproductive efforts rather than investing heavily
in the current pup to maximise her lifetime reproductive success (Bowen et al., 1993).
A further study by Bowen and Harrison, (1994) reported that the birth mass of the
harbour seals on Sable Island, Canada, increased significantly with maternal age, even
after the effects of maternal mass and pup sex were statistically removed. Following on
from this, it might be suggested that younger females respond more intensely to
disturbance events as a result of the fact that they are less invested in their current

reproductive efforts.

1.9.2 Pup gender

The debate surrounding whether pup gender impacts on the quality or quantity of care
given to a pup by its mother shows no signs of abating; and is not only a is a hotly
debated subject in grey seals, but throughout the whole animal kingdom (Anderson and
Fedak, 1987; Kovacs, 1987). Within pinniped research there has been some tentative
evidence to suggest that females may indeed invest more into male pups than their
female counterparts (Anderson and Fedak, 1987; Kovacs, 1987). Most pinnipeds,
including grey seals show sexual dimorphism. The grey seal shows the second highest
sexual dimorphism of any of the phocid family, behind only that of the genus Mirounga;
as such adult male grey seals are much larger and heavier than their female
counterparts. It can be debated that mothers of male pups may be expected to invest
more heavily into rearing a male pup than a female pup; as females tend to have a
more or less equal reproductive success regardless of any size differences. This is due
to the fact that during any one breeding season most females of breeding age are
mated by a male (Amos et al., 1993). On the other hand males have to compete for
mating opportunities (Twiss et al., 1998). Typically there is greater variation in males at
maturity than females, in terms of size and mating success, and correspondingly, there
is a greater variation in the reproductive success rate of males at maturity. Often more
dominant males have greater reproductive success than their smaller equivalents; as
larger males are often more successful during aggressive bouts with other males when
competing with each other to maintain mating access to females on breeding colonies
(Twiss et al., 1998; Lidgard et al., 2005; Twiss and Franklin, 2010).

Some field studies have supported the theoretical notion presented by Trivers and
Willard, (1973) of a differential investment in offspring by females dependent on the
pup’s gender. For example, on one UK colony, it was observed that mothers of male

pups spent more time with their pup, and more time engaged in nursing and defensive
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behaviours than mothers of female’s pups on the same island (Kovacs, 1987). A further
study conducted by Anderson and Fedak, (1987), showed that mothers of male pups
had a greater rate of energy transfer to their pups than mothers of female pups; with
male pup growth rates 0.36kg™ higher than that of female pups (Anderson and Fedak,
1987). A study by Hall et al., (2001) on grey seal pups found that male pups were
found to be significantly heavier at weaning, and in better condition than female pups
(Hall et al., 2001). Hall et al., (2001) suggested that high quality females should invest
more in male pups because the marginal return, in terms of increased reproductive

value, from any additional expenditure was twice that for females (Hall et al., 2001).

This being said, there are some studies such as those by Coulson and Hickling, (1964)
and by Pomeroy et al., (1999), which refute those studies which suggest that pup sex is
a determining factor, and argue that pup sex does not influence maternal investment.
Coulson and Hickling’s, (1964) research indicated that there was an equally important
positive correlation between survival to independence and growth rate in both sexes.
This study did show that pups had differential growth rates but the study could not
attribute these variations to pup gender (Coulson and Hickling, 1964). In addition
Smiseth and Lorentsen, (1995a), found that male grey seal pups were born heavier
than female pups, but that the growth rates and suckling behaviour were similar for the

two sexes.

1.9.3 Environmental Surroundings

The colony and its environmental conditions in a particular year greatly affect the level
of investment a mother puts into rearing her pup. Female dispersion patterns on seal
colonies are often determined by their pupping site preferences for fine-scale habitat
features; primarily access to small pools of water (Redman et al., 2001; Twiss et al.,
2012, Stewatrt et al., 2014). As this is the case, pools of water are often a limiting
resource on grey seal breeding colonies. From prior studies it is known that females
tend to aggregate around pools both for thermoregulatory use and use as a drinking
source (Twiss et al., 1994; Redman et al., 2001; Stewart et al., 2014). However a
female may choose to pup away from water pools if the pools are already densely
populated by other females to save avoidable injury to her pup (Redman et al., 2001).
Those individuals who choose to pup further from water sources may remain inactive
for longer periods of time to conserve energy and prevent water loss (Harwood, 1976).

Redman et al., (2001) suggested that the availability of pools not only impacts on
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female metabolic components but an also affects maternal attendance patterns and

may have implications for breeding success (Redman et al., 2001).

1.9.4 Evidence for behavioural consistency amongst grey seal individuals

Over recent years the number of papers exploring the notion that personality and
consistent individual differences (CID’s) in the behaviour of individuals are present
across the animal kingdom has exploded (e.g. Smith and Blumstein, 2008; Twiss et al.,
2012). Some maternal behavioural parameters have been found to be repeatable in a
number of species (Albers et al., 1999; Albers et al., 2000; Weaver and de Waal,
2002). Most of this research has focussed on land mammals, birds and fish, with little
research until recently being present on marine mammals; however some evidence for
the presence of CIDs in both male and female grey seals at breeding colonies in the
UK has been unearthed in the past five years. Twiss et al., (2011), studied the
behaviours of a group of known individuals (both males and female), on the isle of
North Rona. In the study, the seals behavioural responses were recorded in response
to the release of a novel natural stimulus (wolf sound) at two points during lactation;
once at the start of lactation and a second ten to fourteen days later (Twiss and
Franklin, 2010; Twiss et al., 2011; Twiss et al., 2012). In grey seals there is some
evidence of CIDs, in vigilance type behaviours (Twiss and Franklin, 2010; Twiss et al.,
2012). These vigilance behaviours are also key indicators of a response to disturbance
events. As this is the case, it is important to check for patterns of individual variation

while examining the impacts of anthropogenic disturbance.

A previous study at Donna Nook conducted by James, (2013), indicated the presence
of CIDs in some maternal behaviours, within the colony, during the breeding season.
However this study did not look at the consistency of behaviours across disturbance
contexts. A study by Twiss et al., (2012) at a different colony in the UK reported that
whilst CIDs were maintained within a situation, they fell apart when compared over
different disturbance situations, indicating that CIDs may be situation specific in grey
seals (Twiss et al., 2012).The colony investigated by Twiss et al., (2012) was an
isolated island colony which is subjected to very limited anthropogenic disturbance; it
would therefore be interesting to see if the seals at the Donna Nook site; which are
exposed to higher levels of anthropogenic disturbance also show situation specific
CIDs, or vary by showing cross situational CIDs in some behavioural parameters,
possibly as a result of habituation to the higher levels of anthropogenic disturbances

found at this site.
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1.9.5 Behavioural ecology of the grey seal on breeding colonies.

The grey seal is a colonially breeding species. For ten to eleven months of the year
grey seals spend their time out at sea or resting at haul out sites; however for eight to
ten weeks in the autumn and winter months, grey seals form breeding colonies at
predictable locations in the UK (Anderson et al., 1975). In the UK, these breeding
colonies usually form on uninhabited beaches, or remote islands which are largely
undisturbed, and/ or inaccessible by the general public. The specific timing of the
breeding season varies between locations, but is fairly predictable year on year for any
given site. Typically each female gives birth to a single pup each year. During the
breeding season there is a large turnover of females as individual females will only stay
ashore for 18-20 days of the eight week breeding season. Pupping Females and males
of the species show high levels of natal breeding site fidelity, and females will often
return to the same breeding colony within a few days of previous pupping years (Allen
et al., 1995; Pomeroy et al., 1999; Twiss et al., 1994). On a finer scale, females have
been shown to have fidelity not only to the breeding colony but to their previous
pupping site location within the colony, with females on the Scottish island of North
Rona returning to sites within a median distance of 55m from the previous year’s

pupping site (Pomeroy et al., 1994).

Female grey seals become sexually mature at around three to five years old and breed
until they are around 42 years of age (Bowen et al., 2006). Males have a much shorter
reproductive lifespan than females; becoming sexually mature at around eight years
old and maintaining reproductive activity for around fifteen years (Hewer, 1960;
Pomeroy et al., 1999; Twiss et al., 2001). At any one breeding season females will tend
to arrive on the breeding colony approximately four days before parturition (Pomeroy et
al., 1999). Within this four day window a female will locate and settle into her breeding
location within the colony. Quite often females will preferentially give birth in certain
locations within a colony; these include areas within the colony which lie closer to pools
of water, and areas where there is easy access to the sea (Pomeroy et al., 1999; Twiss
et al., 2000a). At the same time, females will often actively avoid areas which are
already densely populated by other breeding females (Anderson et al., 1975; Twiss et
al., 2000a). It may be possible that intensity and location of disturbance stimuli may
impact upon where females will choose to pup on the colony. After delivery of the pup,
the females located on colonies which are situated away from the tide line; such as on
North Rona and at Donna Nook, will not return to the sea until the pup is weaned,;

surviving solely on the stored fat reserves present in the thick layer of blubber which

43



was built up in the months during pregnancy in preparation for this time ashore
(Pomeroy et al., 1999). These fat reserves provide the lipid rich food resource that the
pup survives on during the weaning period (Pomeroy et al., 1999; Debier et al., 2003).
As a result of this highly lipid rich milk provided for by the mother, pups increase weight
very rapidly, gaining on average 1.7kg day™ over 18 days; taking their weight from a
birthing mass of around 16.5kg to an average weight at weaning of over 40kg
(Pomeroy et al., 1999). At the same time as pups increase their mass, the females will
lose it. On average females have been shown to lose just under half of their body
weight (82kg) during one breeding season (Pomeroy et al., 1999). On North Rona, the
efficiency of the weight transferred from the mother to the pup was calculated to be
around 45% (Pomeroy et al., 1999); this is a similar transfer efficiency to those noted at
other locations, and for other pinniped species (lverson et al., 1993; Fedak et al.,
1996). The high energetic investment involved in rearing a pup to independence,
means the rearing period is a critical period for female grey seals in terms of ensuring
the pups survival and increasing her own reproductive success. Any occurrences of
disturbance within this period that provokes either a behavioural or physiological
response from the female or the pup therefore has the potential to be detrimental in
terms of reducing both the chances of the pup’s survival and the female’s reproductive

SUCCess.

1.10 Study aims

Marine mammals that live near shorelines, such as pinnipeds are potentially at risk
from a diversity of anthropogenic processes; and threats to marine mammal
populations are expected to increase in severity over the next century (Harwood 2001;
Grigg et al., 2012). A key priority outlined by the National Research council report was
to define the key behavioural responses of marine mammals to auditory disturbances
(National Research Council, 2003). The report also emphasises the need to collect
behavioural data in the species’ natural environment in order to provide a more
profound basis for understanding the potential effects of auditory stimuli on pinniped
breeding behaviour (Hildebrand, 2005). Behavioural studies examining the response of
breeding seals to human activity, particularly in the context of wildlife tourism, have
shown that human activity can result in significant changes in seal behaviour (Cassini,
2001). Assessing the relative importance of environmental and anthropogenic
influences on the distribution and behaviour of wild pinniped populations is an

important step in designing spatially explicit plans for their management and protection
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and it is something that this study hopes to achieve for the Donna Nook site (Grigg et
al., 2012).

This projects specific aims were to identify whether various forms of anthropogenic
disturbances affected the breeding behaviour of a mainland colony of grey seals on the
east coast of England using non-intrusive observational techniques. Whilst behavioural
effects from disturbance events have been catalogued for a range of pinniped species,
as of yet no studies have identified the effects of human based disturbance events on
the breeding behaviour of a mainland colony of grey seals exposed to relatively high
levels of ecotourism. This study aims to take a behavioural approach into the effects of
disturbance (whilst controlling for other determinants of maternal behaviour, including
pup sex, stage of lactation, stage of breeding season etc.), looking at the effects on a

wide range of behaviours, not just those associated with mother-pup interactions.

1.10.1 Specific research questions

1. Does the duration that females spend in certain behaviours change between
early lactation and late lactation irrespective of disturbance events?

2. a. Do anthropogenic disturbance events impact upon female grey seal
breeding behaviour?

b. What types of aerial anthropogenic disturbances have the greatest impact
on female behaviour?

3. Do female grey seals exhibit similar behavioural responses to natural or
anthropogenic disturbance?

4. s there an observable difference in the behaviour of those females which give
birth in different locations in the colony? And does the choice of birthing site
effect a female’s response to a disturbance?

Does the pup sex affect female breeding behaviour after a disturbance event?
Are there consistent individual differences (CIDs) in behaviour between
mothers, in disturbed and non-disturbed conditions?

7. a. How does the quality of mother-pup interactions (MORQ) vary between
lactation stages?

b. Does the mother-offspring relationship quality affect how females respond to
disturbance events?

8. What are the immediate behavioural effects of disturbance on grey seals?
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2. METHODOLOGY
2.1 INTRODUCTION

This chapter will provide a detailed description of the methodological approaches
adopted during the field study. The chapter will begin with an overview of the study site
and observation points. The methodology will then move onto to outline the reasons for
choosing the Donna Nook site for this particular research project. This will lead onto a
precise description of the infield data collection protocols adopted during the field study
in order to address the aims outlined in section 1.10.1. Following this a discussion of
the data extraction tools and statistical tests adopted to analyse the data gathered in
field.

2.2 THE STUDY SITE
2.2.1 Donna Nook, Lincolnshire

The Donna Nook seal colony is one of the few mainland grey seal breeding colonies
located in the UK. The site is a 10km stretch of the Lincolnshire coastline on the east
coast of the UK, between Grainthorpe Haven in the north, and Saltfleet in the south
(53° 28'N, 00° 09’ E). Topography of the site is mostly flat with some grass banks and
gullies located close to the fence line. After major rain events some silty wallows are
present within the breeding colony. When rain levels are high enough, the gullies
around the site fill with water, providing areas for seals to drink and swim. This often

leads to aggregations of females forming around these areas.

The Donna Nook colony was established in the early 1970s on the Lincolnshire coast
and since rapidly expanded from year to year to a peak of 1600 pups being born in the
current 2013 season (Abt and Engler, 2009, Lincolnshire Wildlife Trust, 2014). The
pup production level at Donna Nook has been increasing by around 15% per year
(Thompson and Duck, 2010). Identification of individuals at Donna Nook with flipper
tags originating from other breeding colonies, suggests that the growth of the Donna
Nook colony may be in part linked to recruitment of individuals from other Eastern
Atlantic colonies such as those located in the Farne Islands and on the Isle of May
(Pomeroy et al., 2010; Thompson and Duck, 2010). The section of the breeding colony
which is open to members of the public is frequented by an estimated 70,000 visitors
per breeding season (Thompson and Duck, 2010). Mother- pup pairs located along
this public stretch of the beach are exposed to both visual and auditory stimuli from
visitors. Disturbances by visitors fluctuate in intensity but are a constant occurrence

during daylight hours. The high visitation level experienced at Donna Nook, along with
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the occurrence of military exercises by the RAF during the breeding season, provides
an ideal opportunity for the assessment of the impacts of human disturbance on
maternal behaviours at the site throughout the lactation period. Public access to the
colony is restricted to a designated footpath with a countryside type fence erected in
2007 to prevent direct seal-human contact. These fences are patrolled by volunteer
wardens from the Lincolnshire Wildlife Trust. The Volunteers at the site ensure visitors
do not get too close to the seals; and also provide a means of education the general
public on the grey seal breeding cycle, and the effects that humans can have on wildlife

when we invade their natural habitats.

The site itself has been managed by the Lincolnshire Wildlife Trust for a number of
years. The land is owned by the Ministry of Defence (MOD) and part of the site is still
used for target and bombing practise. Only a small section of the site, located close to
the town of North Somercotes was used to collect the data for the study. The stretch
where data collection took place was an access path open to the public which had
been fenced in 2007 in order to reduce the level of interactions between the seals and
the general public. Access to the public site was obtained in two areas: the public
access entrance from the Stonebridge car park and a public access point through a

farmer’s field from behind the site (Figure 2.1).
2.2.2 The site and research into anthropogenic disturbance

The main aim of this thesis is to discern whether anthropogenic disturbances effect
grey seal breeding behaviour. The Donna Nook site provides an ideal location in order
to observe the possible impacts that anthropogenic disturbance events may have on
female grey seal breeding behaviour. The site is widely regarded as the location to
which members of the general public can get the closest encounters with seals in their
natural environment in the UK; with people being able to get as close as 1-2m to the
seals. The site attracts a large number of people from a broad range of socio-economic
backgrounds; from school groups, to wildlife photographers, to family outings; all of
which will have different expectations and knowledge about the animal which they are
viewing. As such the site is an ideal choice on which to carry out research into the
effects that these close encounters with the general public have on the breeding
behaviour of the seals. Management schemes set up by the Lincolnshire Wildlife Trust
have prevented direct interactions between the seals and the public by erecting a fence
along the public path in 2007. No path is present on the RAF site, although there is

restricted access to this site.
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Part of this thesis involves looking into the possibility that aerial disturbances may
affect the breeding behaviour of grey seals (refer to aim 2a in section 1.10.1). In
addition to the pedestrian effect on the seals, the Donna Nook site provides an ideal
place to research the effect that aerial disturbance events have on the breeding colony.
From previous studies conducted by Tracey and Flemming, (2007), it has been shown
that in some mammal species, aerial disturbances have behavioural effects on the
species being studied (Tracey and Fleming, 2007). As of yet no research has been
done to see if aerial disturbances have any effect on grey seal populations whilst they
are on land breeding. The Donna Nook site is situated on the property of the Ministry of
Defence (MOD), with the breeding colony situated on an active RAF base, thus
providing the perfect environment in which to test whether aerial disturbances affect
grey seal breeding behaviour. The Donna Nook base frequently carries out target and
bombing drills using overhead aircraft. Although no bombing drills are permitted to go
ahead during the breeding season, target practice over the breeding colony still goes
ahead. Due to the variation in the type and durations of flyovers; with both fixed wing
and helicopter fly overs occurring during the breeding season, the site provides an
ideal location in which to study the effects that differing types of aircraft have on the

behavioural responses of seals.
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2.2.3 The observation dates and locations

Observations took place between sunrise and sunset on the 28" of October until the 5™
of December 2013. Observations were taken between the hours of 7:00am and 4pm
due to the fact that there was an observable difference in visitor attendance patterns
between these hours, which allowed behavioural data to be collected both in the
presence and absence of visitors to the site. Observations were made from two areas
along the public access pathway at the Donna Nook public site. The first of these was
close to the Stonebridge car park and the other was close to the Ministry of Defence
(MOD) site (Figure 2.1.). From here on in, when the study refers to the RAF site, it
refers to the location on the public site which borders the MOD property (site 2 on
Figure 2.1) and when the study refers to the car park site it refers to site 1 on Figure
2.1 which borders the Stonebridge car park. Observations were made on foot behind
the public fence. In order for accurate and representative focals to be taken, correct
positioning of the observer was crucial. Where possible, one position was taken for the
entire day in order to reduce any disturbance to the animals via movement of the
equipment to new locations. In addition to this, the observer where possible, was
located downwind of the focal individual as to reduce the impact that novel smells from
the observer may have had on the study animals. The fence was never crossed at the
public site in order to ensure that the observer did not contribute to the level of
disturbance, and to ensure the safety of the observer. Observations took place for the
majority of the breeding season in order to assess whether individuals responses to

disturbance varied as the season progressed.
2.3 FIELD IDENTIFICATION TECHNIQUES
2.3.1 Female Identification

In order to answer the specific aims outlined in section 1.10.1 it was of paramount
importance that individuals in the field could be identified in the field in order for repeat
observations throughout lactation to be recorded. Sixty one females were uniquely
identified as part of this study. The selection process of choosing individuals composed
of two principle considerations. Firstly it was imperative that the female had preferably
a stage one pup (see section 2.3.2); although a few early stage two pups were included
in the study, particularly towards the end of the breeding season where the number of
stage one pups close to the fence line was limited. This selection criterion was vital in
ensuring that the mother’s change in behaviour throughout lactation could be recorded.

The second consideration was the appearance of distinguishable features which would
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make correct re-identification of females throughout lactation possible. Distinguishable
marks included distinctive pelage patterns on either, or both of the flanks, scars or
other injuries (Figure 2.2). The females with the most distinguishable marks within the

study area were favoured, and all females were selected based upon this criterion.

Figure 2.2: Some examples of distinguishing marks and scars which were used to identify
individuals in order to get repeat observations of individuals.

Once a female had been selected as a subject, the individual was given a seal ID in the
field. The prefix “P” of the ID related to the fact that the study was conducted at the
public site, and the suffix number of the ID corresponded to the order in which the
females were first discovered; e.g. P29 was the 29™ female recorded in the study which

was conducted at the public site.

In the field, photographs of each female were taken using the Canon 40D body and a
Canon EF 70-300mm f/4-5.6 IS USM lens; with special attention given to capturing
photographs of the two flanks of the individual for identification purposes. Photograph
numbers, along with the corresponding seal ID were recorded in a notebook for later
referral. Photographs were later collated into a photo-catalogue for each individual.
These photographs were stored on an Acer Laptop (Model: Acer Aspire 5741).
Another copy of the clearest photographs was stored on an IPhone 4s (Model: A1387;
Version: 7.0.4 (11B554a)) for reference purposes in the field.

Using the aforementioned identification technigues, females could be quickly and more
importantly correctly re-identified at later points in the lactation period. Noting the
location of individuals in the study area also aided with the re-identification of
individuals. This is due to the fact that females do not tend to move far after the birth of
their pup (Pomeroy et al., 1999; Redman et al., 2001).
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The correct re-identification of individuals during the study was imperative in
determining whether individuals behave consistently when presented with a particular
disturbance event. Repeats observations also allowed the study to answer aim one
outlined in section 1.10.1, this being whether the females point in lactation affected how
an individual may respond to a disturbance event. Where possible, photographs were
taken at every re-sighting event in order to match them to prior photographs and
sketches taken of the animal. Photograph matching from different sighting were done
by eye and were achieved by matching distinguishable marks or scars on the flanks/
face of the individual. Where photographs could not be taken, the video focal was
viewed at a later date and paused when a clear flank shot was achieved. This shot was
then compared to prior photographs of the individuals to make a firm confirmation of
the ID. The retrieval of behavioural information from video files only took place after
confirming all the IDs of individuals from the focal videos after field work collection took
place. It must be noted this study made no attempt to assess identification error rate

(refer to section 4.4.1c).
2.3.2 Pup Stage Classification.

During the study pups were classified into five discrete developmental stages. These
corresponded to the stages outlined by James, (2013); the principal characteristics of

which are outlined below:

Stage one (Figure 2.3): Yellow tinge to lanugo; fresh red/ pink umbilicus; ribs and pelvis

visible; lacks coordination or much movement. Approximate age is 1-3 days

Stage two (Figure2.3): Lanugo is white; umbilicus is either lost completely or has
darkened to a brownish colour; pelvis and ribs are less visible as blubber develops;

some co-ordination of movement has developed. Approximate age is 4-8 days.

Stage three (Figure2.3): Possibly some loss of white lanugo coat on the extremities
(i.e. flippers and muzzle), however main body will still be full white lanugo; body is
barrel shaped with increasing blubber mass; good, sound co-ordination. Approximate

age is 9-14 days.

Stage four (Figure 2.3): Moulting of the full body lanugo has begun although not
complete; mother will have been/ or just about to be mated. Approximate age is 15-17

days.
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Stage five (Figure 2.3): Full moult of lanugo coat to juvenile pelage; typically the pup is

weaned. Age of pup is 18+ days old.

Figure 2.3: Different pup stages at the Donna Nook site: A and B are Stage 1 pups (notice the
yellowing colour of the Lanugo coat and the loose folds of the skin in B). C and D are Stage 2
pups (note the darkening colour of the umbilicus in stage two pups). Pictures E and F are of
stage 3 pups (notice the rotund shape and some loss of the Lanugo coat on the extremities).
Image G is a stage 4 pup (some loss of Lanugo on the body) and image H shows a Stage 5 pup.
At this stage the pup is likely weaned from their mother
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2.3.3 Pup Sex Determination

Pup sex determination was crucial in answering question 5 outlined in section 1.10.1;
this being whether pup sex affected female breeding behaviour, both in the presence
and absence of disturbance events. Where possible the observer tried to determine the
sex of the pup. The sex of a pup can be determined rather simply by distinguishing
whether there is presence, or absence of a penile opening. This is identified by a small
opening on the ventral surface midway between the navel and the hind flippers (Figure
2.4). This opening is more easily identifiable to observers when the pup reaches a
stage 3 size, as the pups have gained a substantial amount of weight and appear
bloated and barrel like in shape making the penile opening visible. Visibility of the
propice is not restricted o stage Il or above however at earlier stages, the pup is less
mobile and folds of loose skin obstruct the view of this opening making sex
determination at this early stage more difficult. As handling of the pups was not
permitted at the site, pup sexing were not always possible. This was due to the fact that
pups often orientated themselves with the ventral surface on the ground or towards
their mother, meaning the view of their ventral surface was obscured from the
observers view. In addition to this failure to see the propice is not certain proof that the
pup is female. In this respect it is important to keep in mind that remote sex
determination is uncertain, however as hands-on techniques were not permitted at the

site, remote identification was the only solution.

Propice
(penile
opening)

Figure 2.4: Sex determination in pups. A penile opening between the navel and the flippers would
indicate that this individual was a male. Sexing is generally easier once the pup has reached a
stage three size where the pup appears to be bloated in shape.
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2.4 DATA COLLECTION PROTOCOLS

Data Collection took place in the 2013 grey seal breeding season; between sunrise and
sunset on the 28" of October until the 5™ of December 2013 at the Donna Nook site in
Lincolnshire. Data collection protocols consisted of focal videos, proximity mapping,
environmental/disturbance measures, behavioural observations, and the measurement
of in-field sound levels (amplitude (dB)). This projects aim was to uncover the effects
that anthropogenic disturbances have on mothering behaviours across lactation. It was
imperative that repeats were collected for each female, preferably in early and late
lactation, and at times where there was little to no disturbance and also at times of high
disturbance. Early lactation will be defined as mothers with stage one and stage two
pups and mothers with stage three and stage four pups are referred to as being in late
lactation. These lactation stages are based on the classification of lactation stages

described by Iverson et al., (1993).

Comparisons of behaviour from the focal videos chiefly relied upon comparing the
percentage of the focal (POF) individuals spent in certain behaviours. The POF that
individuals spent in each behaviour was calculated for each focal. Females typically
had at least four focals (two in early and two in late lactation) and the POF that each
individual spent in each behavioural category were calculated for all focals. POF was
used instead of daily activity budgets due to the fact that each focal only lasted for
around half an hour and so did not comprise of a significant proportion of the
individuals day, making inferences about activity budgets from this period unreliable
and most likely, inaccurate. POF was adopted over scan sampling techniques due to
the often short lived nature of disturbances and the behavioural responses to

disturbances in individuals.

2.4.1. Focal Videos

In order to address the research questions outlined in section 1.10.1., focal videos
were used to record the behaviours of chosen individuals at early and late lactation
stages. The focal videos were taken using a Panasonic (model: HC-X920) camcorder.
Each video focal was approximately 30 minutes long. Thirty minutes was deemed
suitable based on several reasoning’s, these being: the methodologies of previous
studies (e.g. Twiss et al., 2000; Twiss et al., 2012); the results of prior work undertaken
at the Donna Nook site (James, 2013); and the results of trial studies undertaken on

the 26" and 27" of October 2013 at the Donna Nook site. There are some limitations to
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using these short sampling times, and these will be discussed in the general discussion

chapter.

Focal videos have been used in a number of behavioural studies from a range of taxa,
such as Aves (Nakagawa et al., 2007), to land mammals such as primates (Lee, 1984;
Weaver and De Waal, 2002) and even marine mammals including both cetaceans (Hill
et al., 2007) and pinnipeds such as the grey seal (Twiss et al., 2011; Twiss et al.,
2012). Although scan samples have previously been used in many studies to create
behavioural time budgets (Twiss et al., 2000; Twiss and Franklin, 2010; Anderson et
al., 2011), due to the random nature of disturbance events scan samples would not be
suitable for this study. In addition to this, many important seal breeding behaviours
such as pup checks are instantaneous in nature, lasting for only a brief time frame; and
so would be missed by scan sampling techniques. Using focal videos to study
individuals allows these brief behaviours; which are biologically important, to be

incorporated into evaluating the fine scale reactions of behaviour to disturbance events.

Initial behavioural observations were taken from females that were identified as having
pups classified in early lactation, preferably stage one pups. If possible, for each
female, two observations were carried out at early lactation, one with little/ no
disturbance events and one with more frequent disturbances. The same two videos
were also collected during late lactation for each female. This was not possible for all
focal females in the study; as the nature of many of the disturbance events located at
the site meant that they were often unpredictable and unrepeatable. After
approximately fifteen days a second cohort of females were selected. These females
were chosen, not only to increase the overall sample size of females in the study, but
also to gather information on the variation in behavioural responses to disturbances
between those mothers which bred towards the start of the breeding season, and those

that bred towards the end of the breeding season.

Focal videos were taken between the hours of 7am and 4pm. Individuals that were to
be observed that day were first identified. The order in which the focals were taken
were based on a prior methodology adopted by Altmann, (1974) in which the first focal
was the female which approached her pup first. This methodology ensured
randomisation in the sampling method (Altmann, 1974). Using pre-determined
behavioural categories in the form of an ethogram (see section 2.5) the focal videos

were then analysed at a later date in order to extract the data pertinent to the study.
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2.5 EXTRACTION OF BEHAVIOURAL AND DISTURBANCE DATA

2.5.1 Extraction Protocol

Extraction of behavioural data commenced in February 2014; post field season. For
extraction of behaviours from the videos to commence, an ethogram of behavioural
categories was created. In order to construct this ethogram, a number of published
ethograms from previous studies on grey seal and related species were consulted
(Wilson, 1974; Kovacs, 1987; Twiss et al., 2011).These ethograms from prior studies
were combined with observations that were noted in the field during the field season. A
fine scale description of the behavioural categories used in the finalised ethogram can
be found in Table 2.5

Once the ethogram categories had been finalised, a Visual Basis for Application (VBA)
programme was created in Microsoft Excel (Microsoft 2010; Figure 2.5). Each
behavioural category from the ethogram was given a unique icon, which when selected
logged the behaviour and the time of logging of the behaviour on excel. When a
subsequent behaviour was then performed by the focal seal, the button for that
behaviour was then pressed, providing an end time to the last behaviour and a start
time for the next behaviour. Having the start and end time of the behaviours performed
by an individual over the video focal allowed the duration that individuals spent in
certain behaviours in the focal before and after disturbance events to be calculated. All

video focals were processed in this way.

After behavioural data extraction from the videos was complete, for each focal the total
duration that the female spent in each of the behavioural categories was calculated.
Then from this, the percentage of each focal (POF) a female spent performing each of
the behavioural categories was calculated. The POF that the seal spent in each of the
defined behaviours was calculated using R programming software (http://www.r-

project.org/).

Disturbance event information was used throughout the analysis in correspondence
with data collected from the complementary focal videos. A separate VBA programme
was constructed in Microsoft Excel 2010 in order to extract disturbance data which may
have been missed while collecting the data in the field (Figure 2.6). Using a VBA also
permitted a more accurate estimation of the duration of each disturbance event. For a
description of the disturbance categories used in this VBA please consult Table 2.6. In

instances where two disturbances occurred at the same time; both of their durations,
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amplitude levels, and locations with respect to the focal female were noted in field.
While watching the videos, instances where two disturbances occurred simultaneously
were rare. Where two disturbances did occur simultaneously, the disturbance which

caused the biggest change in amplitude (dB) was recorded.
2.5.2. Behavioural and disturbance categories

2.5.2a Behavioural Categories

In order to answer the questions outlined in section 1.10.1 it was imperative to discern
the behaviours that might be key indicators of a response to a disturbance event. The
key broad behaviours that made up the behavioural ethogram used in this study were
resting, comfort movements, active movement, mother-pup behaviours, threatening
behaviours, nursing, aggression, copulation, pup checks and alert behaviours. These
broad category behaviours were chosen based on the indications from prior studies
that the frequency/ duration of these behaviours have previously been altered in some
megafauna species which are subjected to anthropogenic disturbances (Cassini et al.,
2004; Hildebrand, 2005; Tracey and Flemming, 2007; Anderson et al., 2011; Jiang et
al., 2013). In the behavioural ethogram outline in figure 2.5 it is observable that these
broad behavioural categories have been broken down in to more fine scale behaviours.
This was done as a result of the completion of prior video analysis from previous
breeding seasons at the Donna Nook site which suggested that individuals showed a
very minimal response to disturbance events. From this analysis it was hypothesised
that there may be still small discernible behavioural responses to disturbance events
such as change in the amount of time females spend alert with their head down or alert
versus alert with their head up. It was from this hypothesis that the broad behavioural
categories were broken down into the more fine scale behaviours outlined in figure
2.5. Analysis after behavioural extraction from the ethogram indicated that these fine
scale behavioural categories were largely unnecessary and produced no different
results than those obtained for the broad scale behaviours. This is why the statistical
analysis, almost solely concentrated on analysing the amount of times females spent in

the broad behavioural categories.

Vigilance behaviours are often a key behavioural parameter associated with responses
to external stimuli. Disturbed animals will often undertake vigilance behaviours to
evaluate the potential danger to themselves and possibly their offspring (Dyck and
Baydack, 2003; Cassirer et al., 1992). In this respect, it is possible that measuring the

vigilance responses of individuals in disturbed populations could be a useful way in
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which to measure the effects of disturbance events on targeted wildlife populations. In
grey seals the two main types of vigilance response are alert and pup checking
behaviours. During initial field observations it was noted that females sometimes
perform alert behaviours with their head down and other times with their head up and
so it was decided to distinguish between these two behaviours in the VBA in order to
look for any differences between head-up alert (HU Alert) and head down alert (HD
Alert) behaviours during disturbance events. Similarly pup-checking behaviours could
be separated into the classic pup check where the female clearly raises her head off
the ground and looks at her pup (PC) or those where she keeps her head on the
ground but makes direct eye contact with her pup (pup glace: PG). Pup glances could

only be noted in focals where the female faced the observer.

Nursing behaviours are often cited as being one of the key behavioural parameters to
be affected by disturbance events (Kovacs and Innes, 1990; Phillips and Alldrege,
2000; Anderson et al., 2011). As the survival chance of pups depends largely on
feeding in undisturbed nursing bouts throughout the weaning period, any disturbance
event which reduces the time in which mothers s