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Abstract
Effective conservation and management are paramount to long-term recovery of endangered species. Achieving recovery relies on knowledge of
their behaviour and habitats. Neophoca cinerea (Australian sea lion) is an endangered species endemic to Australia. This study focused on three key questions aimed at improving its management near Perth (Western Australia): testing a sea lion identification tool, describing haul-out patterns, and identifying
human disturbance sources. N. cinerea whisker spot patterns as a tool for individual identification were tested using Chamfer distance-transform. Patterns
contained sufficient information to reliably (99%) identify individuals in populations of 50, matching 90% correctly when testing known captive animals
photographed at 90°. Off-angle photographs resulted in 48% correct matches.
Resighting in the wild proved unfeasible in this study. However, resights of
four scarred N. cinerea at Carnac and Seal Islands (the main study sites) confirmed returns and visitations to both islands. To describe haul-out patterns,
generalized additive models were applied to hourly counts between 0800h1600h. N. cinerea numbers followed 17-18 month cycles, inversely aligned
with the breeding cycle. During non-breeding seasons, hauled-out numbers
increased throughout the day, and were associated with air temperature and
tide. Research investigating human disturbance indicated that all human activity types elicited responses, which varied between islands depending upon
stimulus types (vessel types, people), ranges to stimuli, and activities at each
islands. People at close range elicited most elevated responses, including aggression and retreating. This occurred mainly at Carnac Island since direct
beach access is allowed. Significant rates of lower-level disturbances were
also elicited by vessels within close proximity, including paddlers and those
undertaking noisy activities. Resulting recommendations include further restriction and enforcement in approach distances allowed. Also, ongoing monitoring of abundance and behaviour is required for long-term trend estimation.
Because of high variability in haul-out behaviour, surveys undertaken at comparable times are recommended.
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Chapter 1
Introduction
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1.1

CONSERVATION ECOLOGY AND MANAGEMENT

Biodiversity of species in an ecosystem is important for its health, i.e. its balance
and sustainability. Removal of species from an ecosystem can initiate the increase
of others, but may have adverse effects on reliant species, and ultimately change an
ecosystem’s biodiversity and productivity overall (e.g. Hooper et al., 2005; Worm
et al., 2006; Stachowicz et al., 2007). The conservation of species is therefore
fundamental to maintaining a robust and highly diverse environment for inhabiting
species (e.g. Roberts et al., 2002; Dudgeon et al., 2006; Jones et al., 2007).
The expansion of commercial and recreational anthropogenic activity such as resource harvesting and tourism in the marine environment has substantially increased
the level of interaction between humans and marine fauna, often to the detriment of
the ecosystem as a whole as well as the individual species involved. In many cases,
this human/animal interaction has a direct impact on a species of particular ecological or economic importance (e.g. Topelko and Dearden, 2005; Fergusson et al.,
2009; Meÿer et al., 2011; Rosenbaum et al., 2014). When impacts are severe, they
need to be controlled through clear legislation and general guiding principles such
as effective species-specific management strategies that ensure long-term species
conservation and survival. With many species and populations in decline and an
increasing number of fauna listed as vulnerable or endangered, the management of
anthropogenic activity and their impacts is under increasing pressure to improve,
and is of growing importance to avoid extinction of key ecosystem species (e.g.
Sala and Knowlton, 2006; Slooten, 2007; Van Der Hoop et al., 2013; Notarbartolodi Sciara, 2014).
Knowledge on the distribution, abundance, and demographic characteristics, including survival and reproductive rates, of a population are needed to determine the
risk of reduction or loss of a species. Effective conservation management strategies require accurate baseline and ongoing information if their performance is to be
properly monitored and determined. For the collection of this information to be possible and accurate, a basic knowledge of species behaviour, essential habitats and
responses to external stressors, such as environmental changes and anthropogenic
activities are required (e.g. Boehme et al., 2012; Arcangeli et al., 2013; Balmer
et al., 2013).
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Together with a developed understanding of potential impacts of anthropogenic
activities, as well as the particular species’ status and necessities for survival and
recovery, appropriate and timely management may reduce or prevent further vulnerability and constriction to the species. Conservation management can be applied
in many forms, the most direct of which is the safety of the animals. Humpback
whale (Megaptera novaeangliae) as well as southern right whale (Eubalaena australis) numbers, for example, were dramatically reduced by commercial whaling,
and have been recovering to varying degrees, since whaling was prohibited (e.g.
Best, 1990; Payne et al., 1990; Paterson et al., 1994; Bannister, 2001). Similarly,
New Zealand fur seal (or long-nosed fur seal, Arctocephalus forsteri) populations
have been increasing considerably after hunting seized (e.g. Lalas and Bradshaw,
2001; Campbell et al., 2014).
In contrast to directly managing the safety of individuals, habitat management
makes use of sanctuaries and Marine Protected Areas (MPAs) which are designated
areas used to protect species within species-important, and/or ecologically important (e.g. highly biodiverse or productive) habitats (e.g. Gray, 1997; Allison et al.,
1998; Hoyt, 2011). The Great Barrier Reef Marine Park in Queensland, Australia, is
one of the most famous MPAs. Protecting essential habitat for a species to conduct
fundamental life functions, such as seasonal restrictions to fishing for spawning fish,
have been shown to help the recovery of several species (Bohnsack, 1996; Halpern
and Warner, 2002), e.g. red hind (Epinephelus guttatus; Nemeth, 2005).
For highly mobile species, such as cetaceans and many pinnipeds, sanctuaries
and MPAs may only protect part of their home ranges (Allison et al., 1998; Slooten
et al., 2006; Slooten, 2013). Thus, sanctuaries and MPAs need to be appropriately placed, sized and managed to be effective (Slooten et al., 2006; Jones et al.,
2007; Gormley et al., 2012; Slooten, 2013). The Banks Peninsula Marine Mammal Sanctuary, New Zealand, for example, was established to reduce the unsustainable numbers of by-caught Hector’s dolphins (Cephalorhynchus hectori) by restricting gillnet and trawl fishing within the sanctuary (e.g. Dawson, 1991; Dawson
and Slooten, 1993). Harbour porpoises (Phocoena phocoena) are also by-caught
in high, most likely unsustainable numbers in several areas (Jefferson and Curry,
1994), e.g. in the Celtic Sea (Tregenza et al., 1997; Hammond et al., 2002), Black
Sea (subpopulation P. p. relicta; e.g. Birkun, 2002; Birkun and Frantzis, 2008),
Baltic Sea (Berggren, 1994; Koschinski, 2001), and the Gulf of Maine (e.g. Palka
et al., 1996). A successful example of the mitigation of such by-catch through spa-
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tial and temporal management is the Gulf of Maine, under The Harbor Porpoise
Take Reduction Plan (Read, 2013). Changes to fishing practices included time and
area closures in these areas, prohibiting fishing altogether or at certain times, and
the use of ‘pingers’, acoustic alarms on fishing nets to deter P. phocoena and prevent entanglement (e.g. Kraus et al., 1997; Palka et al., 2008). By-catch numbers
of Cephalorhynchus hectori and Phocoena phocoena in these protected areas have
considerably decreased following the management measures (Palka et al., 2008;
Slooten and Dawson, 2010; Gormley et al., 2012; Orphanides and Palka, 2013).
However, while these strategies may limit further population loss, stronger efforts
may be required for species such as Cephalorhynchus hectori to begin recovery
(e.g. Slooten and Dawson, 2010; Slooten and Davies, 2012; Slooten, 2013).
The responses of animals to external pressures can be species-specific and quantifying the source, impacts, responses, and resulting implications for the health of
the species due to each pressure, can be highly involved and complicated to clearly
delineate. Despite this, it has been achieved for some species, e.g. in killer whales
(Orcinus orca; Morton and Symonds, 2002), grey whales (Eschrichtius robustus;
Gailey et al., 2007), and ringed seals (Phoca hispida; Harris et al., 2001). However,
many behaviour studies for many species and populations are limited by a fundamental lack of studies on basic life histories, population dynamics and abundance.
Management of a species can only be effective when monitoring and management
studies target questions that are fundamental to its reproduction and survival, including interactions with its environment, other organisms and humans.
1.2

ANTHROPOGENIC IMPACTS

In marine environments, a wide range of environmental pressures, such as climate
change or variations in water temperature, can lead to shifts in the distribution of
prey species, and currents may have widespread and general ecosystem impacts.
Anthropogenic activities and general degradation of habitat resulting from these activities are adding to environmental pressures and have been increasingly identified
as directly impacting various species and communities including apex predators
(e.g. Perry et al., 2005; Kovacs et al., 2012; Bester, 2014). For example, direct
human pursuits, such as hunting and unintentional take (e.g. by-catch) or activities
that deter fauna from a food source, may have severe impacts on behaviour and reproductive success of a species (e.g. Cox et al., 2003; Kyhn et al., 2015). Indirect
activities, such as habitat destruction, recreational or commercial use of habitats
and their surroundings, or noise pollution (both in and out of the water) may have
4

impacts that are equal to or even greater than direct impacts (e.g. Kelly et al., 1988;
Airoldi et al., 2008; Mcdonald et al., 2008; Demarchi et al., 2012; Bester, 2014).
To measure these impacts, it is imperative to have baseline data and adequate monitoring to determine and quantify how both direct and indirect impacts that affect
species, populations and even individual animals.
Some anthropogenic activities have been quite detrimental at a species level,
leading to severe medium to long-term decline and even extinction of species. Hunting and harvesting, for example, have decimated a range of marine mammal species
populations, including several well recorded instances of cetacean and pinniped
species. While some of these species numbers have recovered substantially, e.g. M.
novaeangliae and A. forsteri (e.g. Paterson et al., 1994; Gales et al., 2000; Campbell et al., 2014; Bejder et al., 2016), others have only shown very slow recovery
rates or no sign of recovery at all, such as blue whales (Balaenoptera musculus),
Australian (Neophoca cinerea) and Hooker’s sea lions (Phocarctos hookeri) (e.g.
Gales and Fletcher, 1999; Campbell, 2003; Branch et al., 2007; Childerhouse et al.,
2014; Robertson, 2015). A. forsteri and N. cinerea live sympatrically (i.e. their
occurrence overlaps) at several locations (Ling, 1992). While A. forsteri have been
increasing in numbers and expanding their range, numbers of N. cinerea continue
to decline (Ling, 1992; Campbell et al., 2014; Goldsworthy, 2015).
In the last few decades, there has been a substantial increase in wildlife viewing and interacting activities, that involve marine mammals (Kirkwood et al., 2003).
While these anthropogenic activities have been shown to influence a range of animal
species, long-term impact at a population level is generally unknown (e.g. Constantine, 1999; Newsome and Rodger, 2008; Bejder et al., 2009; Parsons, 2012).
Long-term impacts are relatively hard to study, but can include:
• habituation to humans/human activities (e.g. Connor and Smolker, 1985;
Watkins, 1986; Higham and Shelton, 2011);
• displacement or avoidance of preferred habitat (e.g. Gerrodette and Gilmartin,
1990; Stevens and Boness, 2003);
• females leaving pups or calves unattended, potentially increasing pup or calf
mortality (e.g. Kovacs and Innes, 1990; Jansen et al., 2010);
• decreased reproductive rate (e.g. French et al., 2011), and;
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• a higher risk of boat strikes with increased numbers of vessels in the vicinity
(e.g. Goldstein et al., 1999; Stone and Yoshinaga, 2000; Donaldson et al.,
2010).
A range of short-term impacts, which are easier to study and more readily observed, have been documented and include:
• behavioural changes, such as disruption of foraging or resting (e.g. Nowacek
et al., 2001; Dans et al., 2012);
• physiological responses, like increased stress levels and suppressed immune
system (e.g. Wright et al., 2007; Seuront and Cribb, 2011);
• increased aggressive behaviours amongst each other, but also directed towards humans (e.g. Lovasz et al., 2008; Tripovich et al., 2012).
Due to the nature of responses, the varying levels of response, and the unknown impact on long-term behaviours and health (for example, whether consistent
disturbance impacts future flight responses from predators), Frid and Dill (2002)
suggested responses to anthropogenic disturbance should be considered as a type
of predator risk. Responses elicited not only vary considerably between age and
sex classes, among breeding, moulting and pupping seasons, and among individuals; but also vary among the type of approach and stimuli (e.g. vessels, people, helicopters/planes), the number of vessels, people, etc. that form the stimulus (group size), approach distance, and the activity carried out (e.g. Constantine,
1999; Cassini, 2001; Boren et al., 2002; Labrada-Martagón et al., 2005; Lovasz
et al., 2008; Cowling et al., 2014). Determining the individual and collective impact of this wide range of variables is not trivial and can be complicated, but must
be addressed to adequately determine their effects and the magnitude of their overall impact.
Enforced regulations and voluntary-based codes of conduct have been implemented at several locations to control known anthropogenic disturbance, but these
tend to be prescriptions of generalised behaviour, applied mostly to general ‘areaof-influence’ in management assessments (Orams, 1999). In a more controlled environment, human disturbance would be controlled through management of viewing and interacting sites, and separate no-access sanctuary zones. Information on
population-specific responses to specific anthropogenic activities is beneficial for
optimising guidelines for public approach behaviour and distances to minimise local disturbance to help manage such viewing sites.
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1.3

PINNIPEDS

The clade Pinnipedia comprises the families Phocidae (true, earless seals), Otariidae
(eared seals: fur seals and sea lions) and Odobenidae (walrus, Odobenus rosmarus).
Several of the pinniped species reside in proximity to humans, sometimes sharing
habitat, and may often be in varying levels of competition for food resources (e.g.
Gerrodette and Gilmartin, 1990; Wickens et al., 1992; Childerhouse et al., 2001;
Kemper et al., 2003; Anderson et al., 2007b). More specifically, there are six extant
species of sea lions of which three species are listed as endangered on the International Union for Conservation of Nature (IUCN) Red List of Threatened Species.
In contrast to the declining Australian N. cinerea, the California sea lion (Zalophus
californianus) has been increasing in numbers despite residing along a coastline
with several major cities and large human populations and their activities (Aurioles and Trillmich, 2008; Goldsworthy, 2015). This strong contrast in population
trends for closely related species illustrates that species and location specific studies are needed to understand the particular factors influencing abundance and the
challenges the respective species are facing.
N. cinerea is the only endemic pinniped species in Australia and of all Australian pinnipeds it is the species with the smallest overall population size. Its current range extends from the Abrolhos Islands (28°51’S 114°03’E) in Western Australia to the Pages (35°46’S 138°18’E) in South Australia (Figure 1.1; Ling, 1992).
N. cinerea was listed as vulnerable under the Commonwealth Environment Protection and Biodiversity Conservation (EPBC) Act 1999 in 2005. In 2008, N. cinerea
was listed as endangered on the IUCN ‘Red List’ due to its overall relatively small
and declining population, which was estimated at 12,690 (estimate from 20013/14;
Goldsworthy et al., 2014; Goldsworthy, 2015). The species’ population is divided
into mostly small and widely scattered colonies with several of these declining in
numbers, putting smaller colonies at risk of local extinction (Goldsworthy et al.,
2009a; Goldsworthy, 2015).
Numbers of N. cinerea prior to European hunting in Australia are unknown,
but were likely considerably greater than present (cf. Abbott, 1979; Ling, 1992;
Campbell, 2005). It is known however, that prior to European hunting, the species
inhabited the Bass Strait and Tasmania before local extinction occurred in these areas (Figure 1.1; Ling, 1992).
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Figure 1.1: Historic and present distribution of N. cinerea (original from Ling
(1992); adaptation by Campbell (2003)).

N. cinerea have an unusual breeding cycle of 17-18 months (range: 16.0-19.9
months) which is unique compared with other pinnipeds, that typically have annual
cycles (Ling and Walker, 1978; Higgins, 1990; Kovacs and Lavigne, 1992; Gales
et al., 1994; Atkinson, 1997). Individual breeding sites for N. cinerea exhibit asynchronous breeding cycles, i.e. while the cycle period/length appears to be the same,
breeding may occur at different times at different sites (Figure 1.2; Gales et al.,
1992, 1994; Campbell, 2003). Pupping, or birthing, takes place about 10 days before mating and the overall pupping period is elongated, occurring over ~6 months
(Ling and Walker, 1978; Higgins and Gass, 1993; Gales and Costa, 1997). Males
display sequential polygyny with a high turnover rate of male territories, due to
their foraging trips during mating season (Higgins, 1990). Otariids generally, show
protracted lactation with females investing in their pups over a considerable period
(Kovacs and Lavigne, 1992; Atkinson, 1997). N. cinerea exhibit the second longest
lactation period amongst otariids, weaning their pups after ~17 months, just before
the successive pup is born, with only the Galapagos fur seal (Arctocephalus galapagoensis) nursing for longer (Gales et al., 1992; Kovacs and Lavigne, 1992; Higgins
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and Gass, 1993; Atkinson, 1997). Females that do not give birth in the consecutive breeding season often suckle their pup for an additional whole cycle (Higgins,
1990; Higgins and Gass, 1993).

Figure 1.2: N. cinerea breeding and haul-out sites. Temporally asynchronous timing of breeding is indicated in positive or negative months (in brackets) posterior
or prior in relation to North Fisherman Island, Western Australia (reference at 0
months). High concentration of colonies in sections A and B, not named here (from
Gales et al. (1994)).

Female N. cinerea display high natal site fidelity (Higgins and Gass, 1993;
Campbell et al., 2008b), which, combined with a temporally asynchronous breeding cycle, may contribute to the lack of recovery in species numbers and the lack
of re-inhabiting extinct locations. There is high genetic diversity and segregation
between females of different colonies which aligns with the behaviour of high site
fidelity in females, a finding that indicates that re-colonisation of an extinct breeding location is highly unlikely (Campbell et al., 2008b; Lowther et al., 2013).
Most of the extant breeding colonies of N. cinerea are located in South Australia
(SA), with 84% of the total pup production and by proxy, overall population being
presently confined to that state (Goldsworthy et al., 2009b; Goldsworthy, 2015).
The remaining 16% of the extant population is found in Western Australia (WA),
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with breeding locations along the south coast (approximately between the coast
from Recherche Archipelago to Albany) and the west coast (around Jurien Bay
and Abrolhos Islands; Gales et al., 1992; Campbell, 2003; Goldsworthy, 2015).
Most breeding islands are small with a pup production of <25 pups per breeding
cycle. There are 81 known breeding sites (47 in SA, 34 in WA) with the largest
eight breeding sites (all in SA) producing 61% of the total pups (3204 pups per
breeding season; Campbell, 2003; Goldsworthy et al., 2009b; Shaughnessy et al.,
2011; Goldsworthy, 2015).
1.4
1.4.1

PINNIPED POPULATION ESTIMATES
Pup counts

Population estimates in pinnipeds are usually based on pup counts (e.g. Berkson
and DeMaster, 1985; Gales et al., 1992, 1994; Gales and Fletcher, 1999; Kirkman
et al., 2007). The methods for population estimates in N. cinerea have been established at breeding sites in South Australia and are still being tested for use as
reliable abundance indices at most places in Western Australia (Goldsworthy et al.,
2009b). In the last several years new methods have been developed, mainly including marking of pups, counts of live and dead pups and recording of re-sightings
(Goldsworthy et al., 2007b, 2009b). For large N. cinerea colonies (>40 pups), analyses involved mark-recapture models, specifically Cormack-Jolly-Seber models and
Peterson estimate methods. In small colonies (<40 pups), a cumulative mark and
count approach has been developed, consisting of counting marked, unmarked and
dead pups at each survey to calculate the number of pups born in a given season
(Goldsworthy et al., 2007b, 2009b). Due to the protracted pupping season, pups
need to be counted in a minimum of three surveys at appropriate times to provide
a relatively accurate number of pup production (Goldsworthy et al., 2007b, 2009b).
The multiplier to calculate population size based on pup counts was estimated to be
3.81 – 4.81 (Gales et al., 1994).
1.4.2

Adult male counts

Abundance estimates based on counts at haul-out sites, which are not based on the
number of pups, are considered inaccurate, due to the lack of information on numbers of sea lions foraging at any one time. Abundance estimates at non-breeding
haul-out locations, however, cannot be based on pup counts. In Western Australia,
there are six haul-out islands off the Perth metropolitan area only used by male N.
cinerea (Gales et al., 1992). In the past, N. cinerea also hauled out on Rottnest and
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Garden Islands where they faced local extinction, presumably due to being hunted
(Abbott, 1979; Campbell, 2005). According to historical observations, it is likely
that breeding also occurred in this area prior to hunting, probably on Rottnest, Garden and Carnac Islands (Campbell, 2005).
Considering that only 16% (≈2030 individuals) of the total N. cinerea population occurs in Western Australia, the Perth metropolitan area may be inhabited
by a significant proportion of the Western Australian male N. cinerea population
(Goldsworthy, 2015). Seal and Carnac Islands are used by the largest number of
N. cinerea, with up to 28 and 45 N. cinerea recorded to be hauled out during the
Perth peak season, on each of the respective islands (Gales et al., 1992). Approximately 15 N. cinerea have been found hauled out at Burns Rocks and Little Island
combined, mostly less than 10 at Dyer Islands during the Perth peak season, and on
Penguin Island one or two N. cinerea have been recorded infrequently (Department
of Parks and Wildlife, unpublished data).
During the breeding season, male N. cinerea migrate from the Perth metropolitan islands to the closest breeding islands ca. 250 km north at Jurien Bay, (Gales
et al., 1992). The closest breeding islands to the south/south-east of Perth, are located off Albany, Western Australia, and are ca. 1000 km swimming distance from
the Perth male-only haul-out islands (Campbell, 2003). It is unknown if some N.
cinerea hauling out in the Perth metropolitan area migrate to the southern islands
for breeding. The distinct breeding patterns associated with Albany in the south
and Jurien Bay in the north are six months apart (Figure 1.2; Campbell, 2003).
The fluctuations in numbers of N. cinerea hauling out off Perth inversely align with
the breeding season in Jurien Bay but no such correlation exists for the islands off
Albany. Small numbers of N. cinerea are found hauling out off Perth during the
breeding season at Jurien Bay and reach a maximum during the non-breeding season (Gales et al., 1992). This suggests that most males in Perth metropolitan waters
do not regularly migrate to the southwest breeding colonies. The population size of
the N. cinerea residing in the Perth metropolitan area is, however, unknown.
Estimating population size and monitoring population trends of a male-only
population based on count data needs to be carefully planned on a robust survey
design. For an accurate estimate, it is important to consider daily haul-out pattern
separately from the overall fluctuations due to the breeding cycle (Southwell, 2005).
To obtain more accurate trend analyses, recommendations have been made suggest-
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ing that counts should be conducted at times of least variance in numbers of the
subject species and when the maximum proportion of the population is hauled out
(Thompson and Harwood, 1990; Southwell, 2005). To achieve maximum reliability, effective surveys for accurate abundance and trend estimates must be designed
based on known daily and seasonal patterns in haul-out behaviour.
Simplistic assumptions of abundance estimates based on sparse daily or seasonal surveys, may not accurately reflect true trend data. Haul-out patterns can vary
significantly throughout the day, with several species of pinniped showing peaks at
species-, location- and season-specific times of day (e.g. Stirling, 1968; Thompson
et al., 1989; Lake et al., 1997; Sepúlveda et al., 2001; Reder et al., 2003; Carlens
et al., 2006; Cunningham et al., 2009; Sepúlveda et al., 2012). Apart from season
and time of day, variations in numbers hauling out within a species have been shown
to be influenced by differences in age of the individual and sex classes, presence of
pups or timing of the breeding or moulting cycle (e.g. Thompson et al., 1989; Lake
et al., 1997; Reder et al., 2003; Southwell, 2003, 2005). Furthermore, environmental conditions such as air temperature, wind speed, cloud cover, tidal heights
as well as currents may alter haul-out patterns in some populations (e.g. Schneider
and Payne, 1983; Pauli and Terhune, 1987a,b; Watts, 1992; Carlens et al., 2006;
Andrews-Goff et al., 2010). These fluctuations may introduce high daily variability in numbers of pinnipeds hauling out, and therefore need to be accounted for to
avoid excessive inaccuracies in count-based population estimates.
Alternatively, abundance estimates may be based on mark-recapture models,
analysing the resighting rate of individuals (Nichols, 1992). Individual identification is beneficial for studies on population estimates and demographics, as well as to
investigate movement and residency patterns. Non-invasive identification is based
on using natural marks which are unique to the individuals, like fur patterns (for
example stripes in tigers (Panthera tigris) or zebras (Equus sp.), or spots in harbour
seals (Phoca vitulina)) or the shape or outline of some part of the body, like the
dolphin’s dorsal fin (e.g. Peterson, 1972; Hiby and Lovell, 1990; Whitehead, 1990;
Würsig and Jefferson, 1990; Agler, 1992; Ullas Karanth and Nichols, 1998; Friday
et al., 2000; Hastings et al., 2001; Kelly, 2001; Parra and Corkeron, 2001; Dixon,
2003; Karlsson et al., 2005).
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N. cinerea do not have any obvious marks or fur pattern which could be used,
thus invasive methods like tagging, microchipping or branding individuals have
been used in this and similar species (Summers and Witthames, 1987; Walker et al.,
2012). These methods involve capturing, handling, potentially anaesthetising the
animals and applying the mark. These procedures can be risky for the animals and
also involves some dangers for researchers themselves (Troy et al., 1997; Walker
et al., 2012). Scars may be useful to assist identification also in pinnipeds, but often
change over time, e.g. when animals moult (Forcada and Aguilar, 2000; Vincent
et al., 2001). Lions (Panthera leo) and polar bears (Ursus maritimus), however,
have successfully been identified using their whisker spot patterns, a method yet to
be tested on pinnipeds for re-identification (Pennycuick and Rudnai, 1970; Anderson et al., 2005, 2007a). Their whisker patterns appear to be similarly visible as in
P. leo and U. maritimus, and have aided in individual identification in a previous
study in P. hookeri (Beentjes, 1989).
1.5

THREATS TO N. CINEREA

The most serious readily apparent known threat to N. cinerea is bycatch, primarily
in gillnets, which are the most prominent fishing method in South Australia, rock
lobster pots (throughout the range) and entanglement in marine debris (e.g. c.f.
Abbott, 1979; Gales et al., 1994; Page et al., 2004; Goldsworthy and Page, 2007;
Hamer et al., 2007, 2011, 2013). A steady, low number of N. cinerea bycatch would
be capable of instigating a decline in population size and has been implicated in and
predicted to ultimately result in quasi-extinction of several N. cinerea populations
in 1.5 - 43.1 years with current bycatch rates (Goldsworthy and Page, 2007; Hamer
et al., 2011). As a consequence, closure of gillnet fisheries in an extended area
and low by-catch limits were suggested for management regulations (Hamer et al.,
2011). After closing gillnet fisheries in Spencer Gulf, South Australia, the colony
appeared to recover (Goldsworthy et al., 2007a). In parts of Western Australia, rock
lobster pots in the vicinity of N. cinerea colonies are required to have Sea Lion Exclusive Devices (SLED) to prevent their entry into the trap (Campbell et al., 2008a;
Department of Fisheries, 2012).
Such anthropogenic pressures to N. cinerea occur in addition to lower impact,
natural pressures, which include interspecies resource competition, risk of predation by great white sharks (Carcharodon carcharias), diseases and parasites, as well
as environmental changes which may cause prey distributions to shift (Campbell,
2005; Shaughnessy et al., 2007; Linnane et al., 2010; Booth et al., 2011; Hamer
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et al., 2013; Schumann et al., 2013; Marcus et al., 2014). Availability of large
schools of fish appeared to influence the haul-out behaviour in Steller sea lions (Eumetopias jubatus; Womble et al., 2005; Marcotte, 2006; Womble et al., 2009).
N. cinerea faces indirect pressures from various types of anthropogenic disturbance. N. cinerea is one of the pinniped species increasingly targeted by marine
tourism in Australia, and pinniped tourism has developed into an activity with a
high economic value (Kirkwood et al., 2003). In the Southern Hemisphere alone,
1.3 million people visit pinnipeds every year and support this tourism branch with
US$ 12.6 million per year through seal and sea lion watching from boats, planes
or land and swimming with pinnipeds (Kirkwood et al., 2003; c.f. Newsome and
Rodger, 2008). Seal Bay, Kangaroo Island, South Australia is the most popular location to watch N. cinerea in the wild with 110,000 visitors per year contributing
to the local economy (Kirkwood et al., 2003). Other popular places to view or interact with N. cinerea are Carnac and Seal Island off metropolitan Perth and Jurien
Bay in Western Australia (Orsini, 2004; Orsini and Newsome, 2005). A limited
amount of research on N. cinerea disturbance in relation to tourism or indeed to any
human-influenced disturbance activity, has been conducted (Orsini, 2004; Orsini
et al., 2006; Lovasz et al., 2008). However, preliminary results on the preferred
haul-out locations near Perth may no longer be applicable today with N. cinerea
using the part of the beach outside the sanctuary as much as within the sanctuary
(Salgado Kent and Crabtree, 2008). Furthermore, data on the overall impacts of
the different types of activity were insufficient to draw conclusions regarding N.
cinerea responses. For local populations in the Perth metropolitan area, disturbance
has become of increasing concern in recent years (CALM, 2003; DEC, 2007).
1.5.1

Human disturbance in N. cinerea

N. cinerea invest substantial effort and can quickly diminish energy reserves during
foraging trips. As benthic foragers, they conduct long and deep dives. They spend
most of their time (58%) diving during foraging trips, spending on average 61%
of their dive time close to the sea floor and regularly exceeding their aerobic dive
limits (Costa and Gales, 2003). N. cinerea prey on a range of benthic fish (including sharks), cephalopods and crustacean species, and have also been documented
to include penguins and cormorants in their diets, and potentially even sea urchins
(Richardson and Gales, 1987; Gales et al., 1992; McIntosh et al., 2006; Baylis et al.,
2009; Berry, 2013; Peters et al., 2015). Females display foraging specialisation with
large inter-individual variation (Lowther et al., 2011). Regular visits to haul-out ar14

eas serve as periods of recuperation and preparation for subsequent foraging trips.
Disruption of their rest and recuperation may influence an individual’s energy budget as more energy is needed if increased time is spent at higher activity levels,
such as escaping human disturbance. This would require N. cinerea to feed more
during foraging trips and potentially increase trip length or increase the number of
foraging trips which would likely reduce time spent resting. If N. cinerea leave their
haul-out sites to forage in a tired or weakened state, they may present an easier target for predators. The haul-out locations in the Perth metropolitan area are close to
the coast and easily accessible, potentially exposing N. cinerea to a wide range of
anthropogenic activities in their vicinity (Orsini and Newsome, 2005; Orsini et al.,
2006). For N. cinerea in the Perth metropolitan area (a potentially significant proportion of the male N. cinerea population), it is therefore important to determine the
influences that anthropogenic activities have on their behaviours. This will begin to
build up the necessary information to identify the possible deleterious effects they
have on the population.
1.6

STRUCTURE OF THESIS

This thesis addresses significant gaps in current knowledge on N. cinerea. It tests
tools to improve monitoring practices of N. cinerea into the future, investigates
behavioural patterns and N. cinerea’ responses to human disturbance at two main
haul-out islands in the Perth metropolitan area. It also makes recommendations for
improved management of human disturbance at these locations. N. cinerea in the
Perth metropolitan area haul out in proximity to what is a highly populated area
of coastline. They are exposed to considerable visitation by tourists and the broad
community, making them highly vulnerable to the impacts of human disturbance.
The population is of significant economic and ecological value, yet data on their
numbers, movement and haul-out patterns are sparse. Thus, this study is significant
in gathering the necessary information to provide managers with a better understanding of the species’ ecology to use as a basis for improving current guidelines.
Ultimately, the work is aimed to feed directly into management outcomes through
maintaining or improving the species’ current status. With this in mind, this thesis
has been organised with the following main objectives and chapters:
Following this first introductory chapter, the second and third chapters of this
thesis describe the testing of a non-invasive method to identify individual N. cinerea
based on their whisker spot patterns, following its successful application in P. leo
and U. maritimus (Pennycuick and Rudnai, 1970; Anderson et al., 2007a). The aim
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of this work was to develop a method of individual identification that can be used
by researchers and managers to obtain key information on residency, movement and
abundance. The second chapter tested the method using photographs of captive individuals in controlled environments, while the third chapter extended the tests to
wild individuals. The third chapter uses photographs taken at the two main haul-out
islands in the Perth metropolitan area. In this chapter, resighting wild individuals is
trialled, and limitations of the method with their origins identified.
The fourth chapter evaluates haul-out patterns of N. cinerea residing in the main
haul-out locations in the Perth metropolitan area. The numbers of N. cinerea hauling out are investigated on a range of temporal scales, including finer scale daily
cycles to broader scale breeding cycles; as well as in relation to local environmental
conditions. Suggestions are given on the development of survey designs for abundance and trend estimation (from count data) based on the results of this study to
support continued monitoring and management of this subpopulation.
Due to the high level of human visitation and the potential detrimental impacts
disturbance can cause, the fifth chapter in this thesis investigates exposure levels
and behavioural responses of N. cinerea to anthropogenic activities. The study is
focussed on the the two main haul-out islands in the Perth metropolitan area, which
are managed differently; i.e. one is a sanctuary zone without landing permission
whereas the other allows people to access the beach. Recommendations to improve
management in these areas to limit human disturbance are included in this chapter
based on the results of the study.
The final (sixth) chapter provides a general discussion and interpretation of the
overall findings of this study, and concluding recommendations for future research,
management and conservation of N. cinerea in the Perth metropolitan area.
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Chapter 2
Whisker spot patterns: a noninvasive method of individual
identification of Australian sea lions (Neophoca cinerea)

Sylvia K. Osterrieder, Chandra Salgado Kent, Carlos J. R. Anderson,
Iain M. Parnum, and Randall W. Robinson
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2.1

ABSTRACT

Reliable methods for identification of individual animals are advantageous for ecological studies of population demographics and movement patterns. Photographic
identification, based on distinguishable patterns, unique shapes, or scars, is an effective technique already used for many species. We tested whether photographs of
whisker spot patterns could be used to discriminate among individual Australian sea
lions (Neophoca cinerea). Based on images of 53 N. cinerea, we simulated 5,000
patterns before calculating the probability of duplication in a study population. A
total of 99% (±1.5 SD) of patterns were considered reliable for a population of 50,
98% (±1.7 SD) for 100, 92% (±4.7 SD) for 500, and 88% (±5.7 SD) for 1,000. We
tested a semi-automatic approach by matching 16 known individuals at 3 different
angles (70°, 90°, and 110°), 2 distances (1 and 2 m), and 6 separate times over a
1-year period. A point-pattern matching algorithm for pairwise comparisons produced 90% correct matches of photographs taken on the same day at 90°. Images of
individuals at 1 and 2 m resulted in 89% correct matches, those photographed at different angles and different times (at 90°) resulted in 48% and 73% correct matches,
respectively. Our results show that the Chamfer distance transform can effectively
be used for individual identification, but only if there is very little variation in photograph angle. This point-pattern recognition application may also work for other
otariid species.

2.2

KEYWORDS

Australian sea lion, individual identification, pattern recognition, pinnipeds, whisker
spots
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2.3

INTRODUCTION

Many aspects of ecological studies are significantly enhanced by the persistent
identification of individuals, achieved for example by capture–recapture models in
population-based studies (Nichols, 1992). Behavioural studies focusing on individual differences rely on the recognition of individuals and the ability to follow them
through time. Microchips, tags, or artificial marks (e.g., through branding) can be
applied to aid in distinguishing among individuals (Summers and Witthames, 1987;
Walker et al., 2012). Such methods involve capturing and handling animals, in
many cases causing significant stress, can have adverse effects on the animals (Troy
et al., 1997; Walker et al., 2012), and increase risk to the researchers themselves.
In several species, methods use natural marks for non-invasive individual identification, often through photographic comparison. Identification is based on recognizing
unique marks, patterns, shapes of certain body parts, or scars. This is possible with
unique fur patterns, such as stripes or spots in tigers (Panthera tigris), cheetahs
(Acinonyx jubatus), or zebras (Equus quagga; Peterson, 1972; Ullas Karanth and
Nichols, 1998; Kelly, 2001; Hiby et al., 2009). In some phocids, spot patterns in
fur have been used to recognise individuals (Hiby and Lovell, 1990; Karlsson et al.,
2005). Shapes or outlines of distinctive appendages have successfully been used
for individual identification, for example dolphin dorsal fins, whale flukes, badger
(Meles meles) tails, and sea lion flippers (Würsig and Würsig, 1977; Whitehead,
1990; McConkey, 1999; Dixon, 2003). Scars may also be useful to assist identification in pinnipeds (Forcada and Aguilar, 2000; Vincent et al., 2001), but often change
over time, for example when animals moult (McConkey, 1999). On occasion, identification of whisker spot patterns has assisted in identification of individuals (Beentjes, 1989; Miththapala et al., 1989). Australian sea lions (Neophoca cinerea) are an
endangered species, lacking information on population estimates and demographics
for many of their colonies (Goldsworthy et al., 2008). Photo-identification would
therefore be a useful tool to gain more knowledge on their population demographics and beneficial for appropriate management and their conservation. N. cinerea,
however, do not have distinctive patterns in coloration, and readily visible long-term
scars are absent for the majority of individuals. Hence, it is highly advantageous to
establish a non-invasive and replicable technique for individual identification of N.
cinerea. (Pennycuick and Rudnai, 1970) first developed and described a method
using whisker spot patterns to identify individual lions (Panthera leo) successfully.
(Anderson et al., 2007a) then tested a similar method for polar bears (Ursus maritimus), finding that of 50 individual (U. maritimus) whisker spot patterns analysed,
98% contained enough information to reliably identify individuals. For pinnipeds,
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no such feasible method has been developed yet which allows effective identification of individuals in the long-term.
Computer-aided photo-identification can increase the efficiency and accuracy of
individual recognition and is particularly advantageous for studies on larger populations (e.g. Mizroch et al., 1990). A practical tool may also reduce the costs of
a manual-matching research program significantly. The specific objectives of this
project were therefore to: 1) establish whether the variability of whisker spot patterns in N. cinerea is large enough to reliably use them for individual identification
and 2) develop and test the accuracy of pattern recognition on N. cinerea whisker
spot patterns. The development of a non-invasive photo-identification method for
N. cinerea would also provide greater confidence in its potential for non-invasive
identification in similar species.
2.4
2.4.1

METHODS
Study areas and collection of photographs

Method testing was based on photographs of known individual N. cinerea in captivity and in the wild. Images of captive N. cinerea comprised 3,036 photographs of 16
individuals, taken by zoos and aquaria including Adelaide Zoo, Pet Porpoise Pool
in Coffs Harbour, SEALIFE (previously UnderWater World) in Mooloolaba, and
Taronga Zoo in Sydney. Lateral photographs were taken between 1st March 2013
and 25th November 2014 of each N. cinerea’s right muzzle at estimated angles of
70°, 90°, and 110° from its anterior, at ranges of 1 and 2 m. An angle of 90° means
that the profile view of the animal is perpendicular to the camera. Photo sessions
were repeated at approximately 10, 30, 60, 180, and 360 days after the 1st photo
session to test the method against any ontogenic changes in whisker spot patterns
in N. cinerea (Table 2.1). There was minor variability in the timing of photo sessions with some missed due to shortage of zoo staff, busy schedules, or failure of
N. cinerea to follow trainer instructions when taking photographs.

Table 2.1: Number of individuals and number of photographs taken of the right
muzzle of captive N. cinerea on different days throughout 1 year.

Individuals
Photographs

Day 1
15
396

Day 10
11
430

Day 30
15
515
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Day 60
10
580

Day 180
9
565

Day 360 Total
5
16
550 3,036

Field-based photographs of wild N. cinerea were obtained to increase the sample size of unique individuals. Images from 15 breeding and haul-out islands were
included. Selecting a wide variety of locations allowed individuals of both sexes
and various age classes to be sampled. Haul-out islands were located in the Perth
Metropolitan area in Western Australia and included Seal, Carnac, Penguin, Little,
and Dyer Islands, and Burns Rocks. Breeding islands included Haul-off Rock, Red
Islet, Middle Doubtful, Glennie, Wickham, Houtman Abrolhos Islands, as well as
Anvil and Ford Islands in the eastern group of islands of the Recherche Archipelago
off the southwest coast off Albany and Esperance, and Beagle Island off Jurien Bay,
Western Australia (Figure 2.1; Table 2.2; Gales et al., 1992). From these locations,
a total of 5,766 whisker photographs of N. cinerea were taken during 127 field trips
between the 8th June 2012 and 15th February 2014 using a Canon EOS 550D with
a 100–400 mm zoom lens (Canon, Tokyo, Japan; Table 2.2). We approached focal
animals slowly and carefully, up to a minimum distance of 5 m to minimise disturbance. Photographs of N. cinerea muzzles in the field were taken from the closest
range possible- approximately 5-50 m (5-10 m is minimum distance the public is
recommended to maintain from a N. cinerea). A maximum range of 50 m was selected as beyond this, photographs were found to be less reliable and blurred in a
study on (U. maritimus) identification using whisker spot patterns (Anderson et al.,
2007a).

Table 2.2: Number of field days and photographs, which were taken of the right
side of wild N. cinerea muzzles on various islands in Western Australia.
Location
Seal Island
Penguin Island
Carnac Island
Dyer Island
Little Island
Burns Rocks
Haul-off Rocks
Middle Doubtful Island
Red Islet
Glennie Island
Wickahm Island
Recherche Archipelago
Beagle Island
Abrohlos Islands
Total

Field days Photographs
54
2,360
4
28
22
1,264
13
192
9
266
13
122
2
100
1
190
1
108
1
90
1
96
1
70
3
640
2
2,883
127
5,766
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Figure 2.1: Locations of islands where photographs of N. cinerea in the wild were
obtained.
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During each field trip, lateral (90°) photographs of N. cinerea muzzles were
taken, if possible from its left and right side. Photographed N. cinerea were either
sitting in the water, swimming with their head raised above the waterline, or hauled
out on land. Individuals could be distinguished from each other during a single field
day (based on their haul-out locations and movements), and the total number of individuals photographed calculated. Due to unconfirmed movement patterns, the
total number of individuals over all field days is unknown. To ensure that unique
individuals were tested, a selection of photographs was made from the 5,766 wild
N. cinerea images. The photographs selected were either taken from multiple locations within a region on a single field day, with the assumption that animals did
not have time to move between field sites during the window of field work, or at
breeding islands with very large distances between them (i.e., an island near Albany versus an island near Jurien, Western Australia) where there is evidence of site
fidelity (Campbell et al., 2008b).
After the selection process, photographs remained from 37 unique wild N. cinerea, for many of which, multiple photographs existed. Not all photographs from the
original catalogue of 8,802 images (3,036 and 5,766 images from captive and wild
N. cinerea, respectively) were of sufficient quality to be used in testing, therefore a
further selection was required. In all cases, selection was based on user interpreted
quality, i.e., in focus, not tilted and taken at the correct angle (70°, 90°, and 110°
for captive individuals and 90° for wild individuals). Photographs of captive individuals were only included if taken at a range of 1 and 2 m and photographs of wild
individuals only included between 5 and 50 m. In general, suitable photographs of
wild individuals were available for one side of the muzzle, with more high-quality
photographs from the N. cinerea’ right-hand side. Thus, only images of the righthand side of the N. cinerea were used in this study to resemble feasible sampling for
usage on wild N. cinerea. The net result was a library of photographs for analysis,
comprising 608 images of 53 individuals: 515 images of 16 captive individuals (including all three orientations and two ranges) and 93 images of 37 wild individuals
(at 90°).
This work was conducted under a Department of Parks and Wildlife permit
(number SF009371) and university animal ethics approvals (AEETH24/11 granted
by Victoria University, Melbourne and AEC_2013_32 granted by Curtin University, Perth). Research on live animals followed American Society of Mammalogists
guidelines (Sikes et al., 2011).
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2.4.2

Preparation of photographs for reliability testing and matching

Photographs were cropped in Adobe PhotoShop Elements 11 to eliminate superfluous parts of the photograph. In this study, a semi-automated pattern recognition
software, originally developed for identifying (U. maritimus) using their whisker
spots, was adapted for application on sea lions (Anderson et al., 2010; Figure 2.2).
The original program was mostly automated, only requiring the user to manually
choose three reference points (Anderson et al., 2010). The region of whisker spot
patterns in a photograph was automatically extracted and used to match individuals
against a database. Due to low and variable contrast between the fur and whisker
spots in N. cinerea (N. cinerea vary in fur colour between sexes as well as change
fur colour when maturing;Walker and Ling, 1981), automated whisker spot extraction was not possible, so individual whisker spots were selected manually in the
program (see Figure 2.3) for an example of whisker spot patterns).
Once the three reference points (inner corner of the eye, corner of the nostril,
and outer end of the mouth; Figure 2.2) and whisker spot locations were marked on
the photograph, the program standardised the location of the chosen whisker spot
points by applying an affine transformation, such that the eye is located at spatial
coordinate (0, 0), the nose is at (1, 0), and corner of the mouth is at (0.5, 0.5).
These coordinate values serve to align the whisker spot patterns from different photographs (Figure 2.3). These reference points were chosen based upon their ease of
distinction compared to other potential reference points.
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Figure 2.2: Adapted software interface to build a library and match whisker patterns
using Chamfer distance transform. Whisker spots in the image are marked with
black circles and reference points with white circles. The matching scores with
other marked photographs are displayed on the left.

Figure 2.3: Example of marked cells where whiskers are present on grids overlaid
over the muzzles of six captive individual N. cinerea. Black cells are where whisker
spots are present and empty cells where spots are absent. The coordinate [0,0] is the
position of the inner corner of the eye, and [1,0] the reference point on the nostril.
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The overall methodology required four steps to prepare the data for reliability and
matching tests. There were six additional steps for testing reliability of the patterns,
and three additional steps for matching the whisker spot patterns (refer to Figure
2.4 for a flow chart). These methods for the additional steps are described below.

Figure 2.4: Flow chart presenting the entire process of testing the method of using
whisker spot patterns for individual N. cinerea identification.
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2.4.3

Variability of whisker spot patterns in N. cinerea

A set of 53 good-quality photographs, one each from 16 captive and 37 wild unique
individual N. cinerea, were selected to determine whether individual whisker spot
patterns were unique enough to reliably identify individual N. cinerea in a population. Assessing the variability of whisker spot patterns involved investigating spot
locations relative to a normalised grid laid over the standardised photograph of the
muzzle and identifying whether spots were “present” or “absent” in each of the
cells within that grid. The first step was to select the dimensions of each cell in
the grid. The grid cell height and width were chosen using the maximum vertical
and horizontal distances, respectively, between the same whisker spots on multiple
photographs of the same individuals. The greatest value for each of these two dimensions was taken from 23 photographs of 10 individuals. These individuals were
selected because there were 2–3 high-quality photographs available of each.
The grid was applied to one photograph from each of the 53 individuals. The
cells were then tested for pairwise independence of whisker spots being present/ absent, and one of two dependent cells removed from the analysis (as per Pennycuick,
1978; Anderson et al., 2007a, 2010. To test for mutual independence, the joint probability of two cells having a value of whisker spots “present” was compared to the
independent probability of two cells having a value of whisker spots “present.” The
probability of a whisker spot present in the cell was tested for each pair of cells.
A set of events (such as the presence of whisker spots) is classed as mutually independent if the joint probability for every subset of events (cells) within the set is
equal to the product of their individual probabilities (Anderson et al., 2007a). The
“joint probability” (called the observed) was calculated as the proportion of each of
two adjacent cells having whisker spots present. The individual probability (called
the expected) was calculated as the product of the two cell probabilities. Observed
and expected probabilities were also calculated for cells having a value of “absent.”
To test whether there was a significant difference between observed and expected
probabilities, whisker spots for the sample were simulated 5,000 times based on
their original probability distribution for the 53 individuals’ patterns. Once dependent cells were removed, the probability of occurrence and information content
were calculated for each individual as per (Pennycuick, 1978) and (Anderson et al.,
2007a). First the frequency of whisker spot occurrence in each cell was calculated
as fi = ni /N, where n is the number from the sample having a whisker spot in the
cell and N is the number of individuals in the sample. The probability of occurrence
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was taken as:
P = fa × fb × fc × ... × (1 − fq ) × (1 − fr ) × (1 − fs ) × ...,

(2.1)

where a, b, c, etc. are cells with spots, and q, r, s, etc. are cells without spots.
The information content was calculated as I = −log2 (P). As simulations can vary
between passes, calculations were conducted 50 times. The mean and standard deviations (SDs) from these calculations are presented.
The probability of duplication, that means that at most one individual has a
specific whisker spot pattern, in population sizes of 50, 100, 500, and 1,000 were
calculated based on the probability of occurrence of the spot pattern in the study
population (as in Pennycuick, 1978 and Anderson et al., 2007a; Table 2.3). This
was calculated as:
(1 − P)M + MP(1 − P)M−1
(2.2)
where M is the number of individuals in a population and P is the probability of a
particular pattern occurring in a population.

Table 2.3: The probability (P) of a spot pattern occurring once at most, calculated
as: (1 − P)M + MP(1 − P)M−1 and the corresponding information content (I) for a
range of population sizes (M).
Population size
50
100
500
1,000

Probability of single occurrence
±3 × 10−3
±1.49 × 10−3
±2.969 × 10−4
±1.4862 × 10−4

Information content (bits)
>8.38
>9.39
>11.72
>12.72

Code written in Matlab R2013a was used to carry out all analyses and produce
all figures presented in the results.
2.4.4

Pattern recognition using Chamfer distance transform

Four catalogues of photographs were created from the complete library of 515 photographs of captive individuals to include only those pertinent for the four test
scenarios. The “catalogues” consisted of matching photographs of the individuals taken on: 1) the same day at 90° (90 photographs), 2) the same day at different
angles (70°, 90°, and 110°; 46 photographs), 3) the same day at 90° at 1- and 2-m
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distances (28 photographs), and 4) different days (the 1st photo session, and 10, 30,
60, 180, and 360 days from the 1st photo session) at 90° angle (64 photographs;
Table 2.4). An adaptation of the Chamfer distance transform (Borgefors, 1986) was
used to compute the similarity score between two images based on the location of
their whisker spots (point pattern). The similarity score between two standardised
point patterns is calculated as follows: For each point in the 1st pattern, the Euclidian distance to the nearest point in the second pattern is calculated and distances
then averaged. The same procedure is carried out in reverse. Both averaged distance
scores are averaged together to produce a similarity score between the two point
patterns where lower scores indicate higher similarity between two patterns. In addition, the algorithm calculates the similarity score many times, each time shifting
one of the patterns by a small distance (chosen by the user), called the step size,
and uses the smallest of these scores as the final similarity score. This “shifting”
accounts for misalignments of point patterns caused by different facial angles of the
animals. The software calculates the similarity score between the “candidate” N.
cinerea being matched and every N. cinerea already in the database (or “library”).
Users can cross-check the photographs visually to confirm or reject whether the
candidate N. cinerea has been matched to one in the library.
2.4.5

Software settings and pairwise matching

Catalog 1 photographs (images from the same day at 90°) were used to determine
the best software settings to maximise correct matching results and were then used
for all catalogues. Boxplots of Catalog 1 with different settings were displayed to
compare the distribution and the overlap of scores for matching and non-matching
individuals. An offset (i.e., the “shifting” to account for misalignments of spots in
different photographs of the same individual) of 0.07 and step size (i.e., how much a
pattern is shifted during the matching process) of 0.005 resulted in the best similarity scores. Best similarity scores in this case mean less variation in score distributions and the least overlap in matching and non-matching scores. Pairwise matching was conducted between all photographs within each catalogue and provided the
similarity scores for each scenario based on the Chamfer distance transform. The
distributions of scores for correct and incorrect matches for each individual to all
other photographs in the catalogues were compared using boxplots for each of the
four catalogues.
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Table 2.4: Sample sizes of photographs from 16 captive N. cinerea used for testing
matches for photographs taken: 1) during the same day at 90°; 2) during the same
day at 70°, 90°, and 110°; 3) during the same day at 1- and 2-m distances; and 4)
during different sessions at 90°.
Name of
individual
Abby
Ady
April
Cindy
Lexie
Liette
Malie
Maxine
Miri
Miya
Nala
Nikki
Orson
Portia
Rocky
Teiko
Total

2.5

Same day at
90°
3
5
4
3
14
5
11
6
11
4
7
2
6
5
2
2
90

Same day at
different
angles
3
2
3
3
3
3
3
3
3
3
3
3
2
3
3
3
46

Same day at 1
and 2 m

Different days
at 90°

2
2
2
2
2
2
2
2
2
2
2
2
2
2
28

3
6
5
3
6
4
6
3
6
6
3
4
3
3
4
65

RESULTS

The grid size best suited to discriminating between individuals was found to be
0.0625 cell width and 0.025 cell height, and after testing for pairwise independence
of whisker spots being present/absent (Figure 2.5), one of two dependent cells were
removed from the analysis. Applying these to test the whisker spot variability and
pattern recognition algorithm produced the following results.
2.5.1

Variability of whisker spot patterns in N. cinerea

“Dependent” cells were mostly located close to the nose. The cells with the highest
probability of whisker spots being present were those close to the nose (between
coordinates x = 0.9, y = 0.1, and x = 1, y = 0.4; Figure 2.6). Cells with the highest
information content were those with lower frequencies of occurrence (Figure 2.6;
Pennycuick, 1978). Once dependent cells were removed, 99.0% (±1.5 SD) of spot
patterns were considered reliable for a population size of 50 and 98.2% (±1.7) for a
population size of 100 (Figure 2.7). Reliability estimates dropped to 92.2% (±4.7)
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Figure 2.5: Pairwise probabilities of cells having whiskers present a) within
columns (cells above and below each other) and b) within rows (cells right and
left of each other). Pairwise probabilities of cells having whiskers absent c) within
columns and d) within rows.

for a population size of 500, and 88.2% (±5.7) for a population size of 1,000 (Figure
2.7).

Figure 2.7: Percentage of reliable whisker spot patterns estimated from 50 repeated simulations for a population of 50, 100, 500, and 1,000 individuals, with
SD (whiskers).
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Figure 2.6: a) Frequency of occurrence and information content of whisker spots
in grid cells after the removal of dependant cells, b) without removal of dependent
cells, based on 53 individual N. cinerea, visually illustrating to the reader the locations on the muzzle where dependent cells were predominantly present.

2.5.2

Pattern recognition algorithm and application

Overall, most similarity scores calculated in the adapted software using the Chamfer distance transform were lower for photographs matched correctly than those
matched incorrectly (Figure 2.8), where a lower score denotes a better match of
two images (Figure 2.9). Similarity scores of pairwise comparisons of photographs
of 16 captive animals (in zoos) taken on the same day at a 90° angle (scenario 1,
Figure 2.8a) resulted in 90% correct matches. Eighty nine percent of photographs
taken at 1- and 2-m distances at 90° were correctly matched (Figure 2.8c), whereas
photographs taken from different angles had 48% correct matches (Figure 2.8b).
Comparisons of photographs that were taken at different times over a year (at 90°)
yielded 73% correct matches by the adapted software (Figure 2.8d). The percentage
of correct matches over time did not appear to be related to the time period between
photographs.
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Figure 2.8: Box and whisker plots of averaged similarity scores of “matches” and
“non-matches” of whisker spots of 16 individual captive N. cinerea for a) 90° angle,
b) 70°, 90°, and 110° angles, c) 1- and 2-m distance at 90° angle, and d) 10, 30, 60,
180, and 360 days from the first session at a 90° angle. “Matches” include comparisons of different photographs of the same individuals, whereas “non-matches” are
comparisons of photographs from an individual to those from all other individuals.
The median is displayed as a black line, 25th and 75th percentiles as vertical boxes,
and 90th percentiles as range bars, and outliers as black crosses.
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Figure 2.9: Probability of false positive matches based on the similarity scores of
whisker spot patterns of 16 captive N. cinerea at a 90° angle (n = 90).

2.6
2.6.1

DISCUSSION
Variability of whisker spot patterns in N. cinerea

Based on the information content of whisker spot patterns calculated here, there is
sufficient variability in N. cinerea for reliable matching in a relatively small population of 50 individuals. For populations of 1,000 individuals, the reliability estimates
decrease and probability of duplication of a whisker spot pattern increases. In U.
maritimus, whisker spot patterns were estimated to contain more information than
in N. cinerea and populations of 1,000 individuals were estimated to be able to be
matched with 99% reliability (Anderson et al., 2007a). Our results are similar to the
results estimated for variations in whisker spot patterns in P. leo, which were 92%
reliable for a population size of 50 and 64% for a population of 1,000 (Pennycuick
and Rudnai, 1970). Similarly, whisker spot patterns in leopards (Panthera pardus
kotiya) were reliable for smaller populations. Out of 21, 19 had enough information
at 95% reliability level, whereas only 15 out of 21 were reliably identifiable at 99%
(Miththapala et al., 1989). The main variable that can affect the estimated percentage of individuals considered to be reliable (having an information content above
the minimum required for the study population size) is the cell size. For smaller
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cell sizes, the information content increases, and so does the percentage of individuals considered to be reliable, since small differences in whisker spot positions
can be detected (Pennycuick, 1978). However, if the angle at which the photograph
is taken shifts significantly, error in correct whisker spot cell allocation increases
significantly. We therefore used a cell size that was equivalent to the maximum
distance between the same whisker spots photographed multiple times on the same
individuals. Having done this, the authors recognise that there is an untestable assumption that the largest value of maximum distances between the same whisker
spots on multiple photographs of the same individuals reflects the maximum shift
in angle of photographs taken among different individuals.
2.6.2

Pattern recognition algorithm and application

Overall, from the photographs taken in a controlled environment (captive animals
photographed by zoo keepers) on the same day, the Chamfer distance transform
performed relatively well with 90% correct matches. The factor most affecting correct matching was the angle at which the photographs were taken, in agreement with
Anderson et al.’s (2010) study which found that similarity scores increased (i.e., had
poorer matches) with increasing deviance from an angle of 90°. A spot pattern technique to identify A. jubatus also performed significantly poorer when photographs
were taken from different angles (Kelly, 2001). We suspect that the poorer performance (73% correct matches) of photographs taken during sessions 10, 30, 60, 180,
and 360 days after the 1st session is likely due to slight variation in angles from
which the photographs were taken. This result highlights the need for very goodquality photographs, taken at the same angle regardless of individual or location,
when using this approach. As wild N. cinerea are difficult to identify without the use
of invasive methods, in the wild, it was impossible to ground truth whether multiple
photographs of the same individuals were taken over time. Thus, comparing photographs of an individual separated in time would be difficult and effects of growth
could not be tested. N. cinerea in captivity for this study were already mature, thus
testing changes in growth stage has not been possible. N. cinerea in controlled environments were photographed at 1- and 2-m distances to test this method with the
highest quality photographs. Distance did not alter matching success compared to
90° photographs at the same distance. We believe that photographs taken at greater
distances will not alter matching success when high-quality photographs focused
on the muzzle are used. Wild individuals are not permitted to be approached closer
than 5 m for safety reasons and to minimise human disturbance. Furthermore, photographs of captive N. cinerea were taken with cameras available to the respective
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institute, whereas wild individuals were photographed with a 100–400 mm zoom
lens, with greater performance over increased distances. The manual selection process of marking all whisker spots means that the matching process is slower than
using the original design of the software on U. maritimus or P. leo (Anderson et al.,
2010). In matching through visual inspection, biases and error can be introduced by
a person’s perception and level of experience (Oliveira-Santos et al., 2010). Matching through visual inspection is also labour-intensive, can be expensive, and may
be exposed to human error. The positive performance of the semi-automated processing illustrates that the software can decrease labour and improve cost efficiency.
Verification of the semi-automated matching process could be conducted by laying
a grid over whisker spot positions in matched photographs and comparing the grid
locations of the whisker spots manually to confirm positive matches.
2.6.3

Application and recommendations

The approach using an adapted Chamfer distance transform has sufficient reliability to be applied to a small population size, when photographs are taken at 90°,
without tilt, and are of high contrast and quality. However, we believe that keeping
photographs taken at other angles and suboptimal quality photographs on record in
the library may improve the chance of re-identifying an individual (Kelly, 2001;
Hillman et al., 2003; Arzoumanian et al., 2005). Information content for pattern
matching can be increased by adding other features to improve identification, such
as forehead spot patterns in P. pardus kotiya (Miththapala et al., 1989). Pinniped
flipper shape and nicks can be individually specific and offer an additional feature
for discriminating individuals. This was previously found to be the most useful
feature in identifying Hooker’s sea lions (Phocarctos hookeri; (McConkey, 1999)).
However, a limiting factor in photographing all flippers of N. cinerea is their tendency to tuck them under the body or cover them with sand, thus this information
was not collected. As photograph angle was the greatest cause of reduced matching success, we recommend exploring the effectiveness of the Groth algorithm for
pattern matching as an alternative technique as for whale sharks (Rhincodon typus;
(Arzoumanian et al., 2005)). This approach compensates for distortion in patterns
using geometric relationships between spots, similar to how astronomers identify
star constellations and the position of stars in relation to other stars (Groth, 1986).
In summary, this new technique for identifying N. cinerea can be used for small
populations or resident communities. N. cinerea often occur in small colonies that
are distant from each other (Goldsworthy et al., 2008). In conjunction with capture–recapture models to estimate colony size, this method can be used for assess38

ment of localised habitat use and residency in localised areas. Determining the
population or resident community size and their areas of use can then be fed into
management and conservation of the species, in particular in allocating and defining
management zones for high human use areas. The method also provides a way of
monitoring these animals over long time periods without the need for capturing and
invasively marking the animals. Finally, this point-pattern recognition application
may also work for other otariid species.
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Chapter 3
Difficulties identifying Australian sea lions (Neophoca cinerea)
in the wild using whisker spot patterns

Sylvia K. Osterrieder, Iain M. Parnum, Chandra Salgado Kent,
Randall W. Robinson
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3.1

ABSTRACT

Individual identification is a beneficial tool in behavioural and ecological research.
In mark-recapture studies, for example, it can improve abundance, residency and
site fidelity estimates. Two non-invasive, photo-identification approaches, using
whisker spot patterns, were tested to identify wild individual Australian sea lions
(Neophoca cinerea) around Perth metropolitan waters. The Chamfer distance transform algorithm has shown promising results when applied to captive individuals.
An alternative matching method using row/column locations of whisker spots, previously applied to lions (Panthera leo) was also tested. Resighting wild N. cinerea
in this study proved unfeasible with both methods. Excessive variation between
photographs of the same individual was found when applying the Chamfer distance
transform, and similarity between photograph-pairs decreased with increasing time
between photographs. Insufficient variation among N. cinerea row/column pattern
was detected to successfully discriminate among individuals, averaging 39 mystacial spots (range 30-46, n=20) in seven rows and 9-10 columns. Additionally, different observers marking the same photographs introduced considerable variation.
Colour difference (red, green and blue colour levels) between the whisker spots and
surrounding fur affected marking spot locations significantly, increasing uncertainty
when contrast decreased. While other pattern matching algorithms may improve
performance, accurate identification of spot locations was the current limitation.

3.2

KEYWORDS

Pattern matching, photo-identification
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3.3

INTRODUCTION

Ecological studies of animal residency, movement patterns, population estimates
and demographics significantly benefit from identification of individuals within a
population. For instance, re-identifying individuals allows animal behaviours and
movements to be tracked over time. By obtaining a robust sample of these reidentifications (or resights) from a population, accurate population and demographic
parameter estimates can be obtained using mark-recapture statistical approaches
(Seber, 1982).
In species that have unique morphology or markings, such as scars or fur patterns, photo-identification has been a useful, non-invasive tool for identifying individuals (e.g. Ardovini et al., 2008; Dixon, 2003; Gowans and Whitehead, 2001;
Hiby and Lovell, 1990; Parra and Corkeron, 2001; Whitehead, 1990; Würsig and
Jefferson, 1990; Würsig and Würsig, 1977). In species lacking such readily recognizable features, unique marks have been applied more invasively. These methods,
including tagging or branding individuals, usually require capturing and handling
animals to apply the marks (Troy et al., 1997; Walker et al., 2012) and can cause
stress and a risk of infection of the marked area. In some species, however, less
prominent features have been found applicable to use as alternative non-invasive
marks to identify individuals. For instance, in lions (Panthera leo) and polar bears
(Ursus maritimus), whisker spot patterns have successfully been used to identify
individuals over long-term periods (Pennycuick and Rudnai, 1970; Anderson et al.,
2007a, 2010). Whisker spot patterns have also assisted in identifying individual
leopards (Panthera pardus kotiya; Miththapala et al., 1989 and Hooker’s sea lions
(Phocarctus hookeri; Beentjes, 1989).
Whisker spot patterns have been considered ‘unique’, having sufficient information to identify 92% of P. leo and 98% of U. maritimus of the populations examined
(Pennycuick and Rudnai, 1970; Anderson et al., 2007a). In P. pardus kotiya, 91%
of examined individuals were distinguishable by their whisker spot patterns. However, using additional patterns in fur was suggested to increase the probability of
distinguishing individuals (Miththapala et al., 1989).
Two different approaches have been applied for species in which whisker spot
patterns have been used for individual identification. In P. leo, the locations of
whisker spots in the top row relative to those in the second row (on both sides of
the muzzle) have been used (Pennycuick and Rudnai, 1970). The second row has
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been used as a reference row to determine the location of the top whisker spots in
its quadrants, which has been achieved by drawing the top two rows on gridded paper (Pennycuick and Rudnai, 1970; Kays and Patterson, 2001; Ogutu et al., 2006)).
Similarly, the location of whisker spots in three rows in relation to a reference row
have been used in P. pardus kotiya (Miththapala et al., 1989). In contrast, no such
consistent reference row is available in U. maritimus, and instead, all whisker spots
available have been used for pattern matching. In fact, using all available whisker
spots increased the information content available for identifying an individual (i.e.
including all whiskers made the pattern more distinctive). The method used in U.
maritimus is based on comparing whisker spot patterns, by standardising them using three reference points. Differences between two whisker spot patterns are then
determined using a Chamfer distance transform algorithm, comparing the distances
between standardised whisker spots within one pattern to those in another pattern.
A distance score indicates how similar two patterns are to each other. The lower
the distance score, the higher the similarity between two patterns, i.e. the higher
the probability of a resighting (Anderson et al., 2007a). Following this method,
a recent study showed that in controlled conditions, using captive Australian sea
lions (Neophoca cinerea), whisker spot patterns contain sufficient information for
individual identification in small populations, and matching success was relatively
high (Osterrieder et al., 2015a). This method has, however, not been tested for reidentifying individuals in the wild.
N. cinerea is an endangered species with several populations decreasing, and is
endemic to South and Western Australia. For many N. cinerea colonies, there is limited information on population trends and demographics (Goldsworthy, 2015). This
is often insufficient for their effective long-term conservation. There are six haulout islands in the Perth metropolitan area that are used only by male N. cinerea,
predominantly outside the breeding season (Gales et al., 1992). Little is known
about the abundance, residency and movement patterns of N. cinerea residing in
this area. The high variability of N. cinerea hauling out at a given time means that
careful planning is required for count data to be used as abundance indices (Gales
et al., 1992; Osterrieder et al., 2015b). Identifying individual N. cinerea would
therefore be a valuable tool with which a better understanding of the subpopulation’s movement and residency patterns can be gleaned to inform management and
conservation strategies and improve their effectiveness.
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The overall aim of this study was to apply and test the performance of the Chamfer distance transform method to identify and resight individual N. cinerea in the
wild. This study also explored the potential of applying a method similar to that
used in P. leo as an alternative, potentially simpler approach, based on row/column
locations of whisker spots. The aims were achieved by: 1) mapping out the composition of whisker spot patterns from a sample of wild N. cinerea, 2) testing whisker
spot pattern matching using the Chamfer distance transform and row/column mapping as a photo-identification technique for wild N. cinerea in the Perth metropolitan area, 3) identifying whisker spot occurrence of row/column locations and uncertainty in detection by a single observer, 4) quantifying the variation in detecting
whisker spots among multiple observers, and 5) identify whether consistency in
identifying the presence of spots among observers was associated with colour differences between whisker spots and surrounding fur.
3.4
3.4.1

MATERIAL AND METHODS
Study sites

Male N. cinerea are known to haul out on six islands in the Perth metropolitan
area, Western Australia, between breeding seasons (Figure 1 in Osterrieder et al.,
2015a). Most islands are small and have less than 10 N. cinerea hauling out at one
time (Department of Parks and Wildlife [DPaW], unpublished data). However, over
30 N. cinerea have been documented to haul out during peak periods on the two
most used haul-out islands in this area: Seal (-32.29° S, 115.69° E) and Carnac
(-32.12° S, 115.66° E) Islands (Gales et al., 1992; Osterrieder et al., 2015b). The
relatively large numbers of N. cinerea on Seal and Carnac Islands provide a greater
opportunity to obtain a relatively large photo-ID sample size (per unit effort) than at
other islands. Therefore, Seal and Carnac Islands were selected as the study sites.
The breeding islands in the Houtman Abrolhos Islands (ca. -28.7° S, 113.7° E) are
approximately 60 km off Geraldton, Western Australia and approximately 400 km
north-west of the haul-out islands in the Perth metropolitan area. The Houtman
Abrolhos Islands were added as study sites to increase the sample size of whisker
spot photographs of wild individual N. cinerea.
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3.4.2

Collection and selection of photographs

Whisker spot photographs were taken during 35 field days in the Perth metropolitan area (16 days at Carnac Island and 19 at Seal Island, between 20th November
2013 and 6th June 2014), and during two field days at the Houtman Abrolhos Islands (the 9th and 10th April 2013). N. cinerea were approached with care to limit
disturbance and were not approached closer than 5-10 m, which is the required minimum distance the public is to maintain according to guidelines (DEC, 2007; DEC
and Fisheries, 2011). The lateral sides of the muzzles (90° to the camera’s direction of view) were photographed as described in Osterrieder et al. (2015a). Lateral
photographs of N. cinerea muzzles were taken at a range between five and approximately 50 m using a Canon EOS 550D with a 100-400 mm zoom lens (Canon,
Tokyo, Japan). Beyond 50 m, the quality of photographs has been shown to be too
poor to identify U. maritimus and used as a guide in this study (Anderson et al.,
2007a). Photographs were taken as close to 90° as possible, without tilt and of the
left and right sides of the muzzles when possible. To aid in correctly identifying two
photographs of an individual as a match (a resighting), photographs of the whole
body of an individual were taken when possible in addition to the whisker spot photographs. These supplementary photographs may contain additional information for
the individual, such as scarring, age and overall size.
To map out the general composition of whisker spot patterns, photographs of
N. cinerea’s muzzles were chosen from a single field day, 15th February 2014, in
the Perth metropolitan area to ensure that the same individuals were not re-sampled
(unknowingly on different days). It was assumed unlikely that hauled-out (i.e. typically resting) N. cinerea would haul-out and travel between Seal and Carnac Islands,
which are ≈19 km apart, within the 7 h timeframe that the photographs were taken.
The 15th of February was selected because the largest number of individuals were
photographed on Carnac and Seal Islands on that day. Similarly, photographs of
N. cinerea at the Houtman Abrolhos Islands were added from only one day, 10th
April 2013, to increase the sample size without resampling from the same location.
It is not known whether N. cinerea move between Houtman Abrolhos Islands and
the Perth metropolitan area. The distance of ≈400 km, between these study sites is
relatively large. In addition, the Perth region consists only of what could possibly
be a group (the males) of the population at the Houtman Abrolhos Islands. While
the time between sampling dates of ≈10 months is relatively large (allowing time to
travel between locations), the likelihood of the same N. cinerea being photographed
twice in this study was assumed to be small.
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Photographs were selected for analysis by removing poor quality photographs.
Photographs that were poor quality were defined as those that were out of focus,
taken at a different angle than the approximate 90° to the animal’s muzzle, or were
tilted. Whisker spots were not always clearly visible to be marked and confidence
in the accuracy of marking was reduced accordingly. In extreme cases, such as a
muzzle completely covered by sand, the photograph was discarded. In other studies,
poor quality photographs have been shown to result in comparatively poor matching
results due to low visibility of natural marks (Gowans and Whitehead, 2001; Kelly,
2001; Stevick et al., 2001; Hastings et al., 2008) - whisker spots in this case. For
most N. cinerea, it was possible to photograph only one side of their muzzle, and
therefore photographs of the side having the largest sample size were used.
The total number of individuals photographed was recorded on each field day,
based on their haul-out locations and movements during the period of photographing. However, individual N. cinerea, were not distinguishable from each other on
different field days by field personnel, and the total number of individuals over all
field days was unknown. ‘Individuals’ referred to in the section below describing pairwise matching were the individuals photographed on any single day (which
could be the same individual on a different day, but is considered a ‘different individual’ for describing methods for matching).
3.4.3

3.4.3.1

Application of the Chamfer distance transform method for
identification
Preparation of photographs for matching using the Chamfer distance
transform method

All procedures to prepare selected photographs for the matching process followed
the description in Osterrieder et al. (2015a). Photographs were cropped in Adobe
PhotoShop Elements 11 to include the required section of each image. Photographs
were then added to a database (‘library’) in software previously used for whisker
spot identification in U. maritimus (Anderson et al. 2010), and adapted for use for
N. cinerea (Osterrieder et al., 2015a). Three reference points, consisting of the inner corner of the eye, the corner of the nostril and the edge of the mouth, and all
visible whisker spots were marked manually (Osterrieder et al., 2015a). Where an
exact spot location was difficult to determine, the corresponding whisker was traced
back as close to the origin as possible to identify the whisker spots.
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The software standardised all photographs to each other using the selected reference points, so that the eye was at a spatial coordinate of (0, 0), the nose at (1, 0)
and the mouth at (0.5, 0.5) as in (Osterrieder et al. 2015a)
3.4.3.2

Pairwise matching of photographs method

The software calculates distance scores between pairwise matched individual photographs, based on a Chamfer distance transform (Anderson et al., 2010; Osterrieder
et al., 2015a). The lower the distance score, the greater the similarity between two
matched patterns. In this study, it was often possible to take a number of photographs of an individual in a single approach. Multiple photographs were taken to
maximise the likelihood that one or more photographs met the required conditions
of angle and tilt (Osterrieder et al., 2015a). These photographs were all placed in
a software library and all photographs taken that could be confirmed as being of
the same individual (e.g. multiple approaches of an individual that had not moved
throughout the day, or multiple photographs from a single approach to one individual) placed into an individual’s folder. Each individual’s photographs in the final
library were pairwise matched with other individuals, producing a distance score
for each comparison. The software tests two groups of photographs (all those of
Individual A with all those of Individual B) and provides the best matching score
(i.e. that with the lowest distance score) for the pair.
The same software settings used by Osterrieder et al. (2015a) were used for this
study, which included an offset of 0.07 and step size of 0.005. The offset accounts
for misalignments of whisker spots in different photographs by shifting spots from a
pattern to align with spots of a pattern being matched to improve the match. The step
size determines the amount a pattern can be shifted during the matching process.
3.4.3.3

Thresholds to identify matching pairs of photographs using the
Chamfer distance transform method

Distance scores were calculated for photographs of individuals taken on a single day
to obtain the range of scores for confirmed ‘matches’. Distance scores from comparisons of photographs of different individuals on the same day were calculated to
obtain the range of scores for confirmed ‘non-matches’. Due to the non-normal distribution of the data according to a Shapiro-Wilk normality test, a Mann-Whitney
U-test was used to test for differences of distance scores of confirmed ‘non-matches’
and confirmed ‘matches’. These distance scores were also used to identify a threshold of scores that would likely represent correct positive matches. On the basis
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of these scores, the probability of pairwise matches being correct matches or nonmatches was calculated and plotted, and the distance score for 50% probability of a
match estimated. Pairs with distance scores below the 50% probability (of not being
a match; i.e. scores indicating more similar patterns) were considered ‘more likely’
to be true matches, and were selected for manual (visual) inspection to confirm or
reject the match. The 50% probability threshold was selected to allow for a thorough
manual verification of potential pairs that exhibited a higher probability of being a
match. As a preliminary stop-go test, the manual checks were conducted only on
pairs more likely to be a match. It was deemed that if the method was not successful
in matching individuals with scores ≥50% probability of being a match, it would
be less likely to be successful using the remaining photographs. Scores larger than
the threshold were discarded as they were more likely to be false matches.
3.4.3.4

Variability between photographs of the same individual using the
Chamfer distance transform method

To assess variability among sequences of photographs of the same individual, the
distance scores of pairwise matched photographs of a single individual taken throughout the day were compared. This allowed the investigation of variability between
photographs taken within short (within seconds) succession, to assess the impact
of re-composition (altering position or orientation of either camera or subject and
potentially light conditions) on the matching performance.
3.4.3.5

Manual verification of photographs to identify correct matches

Two steps were used to manually compare individual N. cinerea and their patterns,
which resulted in distance scores below the 50% probability threshold (described
above). For both steps selected photographs of individuals were compared by manual inspection by an observer, and identified as the same or different individual
based on qualitative evaluation. If identified as the same individuals, then this match
was considered a resight.
1. Firstly, photographs were searched for little marks, spots and scars (other than
whisker spot patterns), and identifying features compared across photographs.
Age variation of individuals was also compared between photographs, and
if the age variation was too large for the time difference between the photographs, these were considered as different individuals (i.e. an individual
photographed as an adult cannot be photographed as a juvenile a few months
later). Male N. cinerea change their fur colour when maturing which therefore
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gives an indication of the individual’s age. The age category adult, sub-adult
or juvenile was determined based on fur colour and size of an animal (Gales
et al., 1992; Jefferson et al., 2011; Osterrieder et al., 2015b) and the date and
location of the sighting was documented.
2. Whisker spot patterns were compared through manual inspection, by plotting
the coordinates of the whisker spots of matched photographs on top of each
other in different colours on a gridded space. In addition to this, whisker spot
patterns were compared by comparing cells used for estimating information
content in whisker spot patterns by Osterrieder et al. (2015a). Grids with
0.0625 cell width and 0.025 cell height were previously determined to be the
best fitting grid size for this method and species (Osterrieder et al., 2015a).
Following manual verification of ‘Matches’ (confirmed resighting), ‘Non-matches’
(confirmed rejections) and ‘Unconfirmed matches’ (no confirmed resightings or rejections), a Mann-Whitney U-test was used to test for differences of distance scores
between these categories. Additionally, comparisons of distance scores were conducted between individuals with wet and dry muzzles. Mann-Whitney U-tests (exact distribution method in cases of small sample sizes) were applied to test for variations in distance scores of ‘Matches’, ‘Non-matches’, and ‘Unconfirmed matches’
in pairs of wet-wet, wet-dry and dry-dry pairs of photographs. Mann-Whitney Utests were applied due to the non-normal distribution of the data according to a
Shapiro-Wilk normality tests.
3.4.4
3.4.4.1

Identification using row-column locations
Processing of photographs, analysing occurrence of whisker spots

All visible whisker spots on the selected photographs were manually marked in
Adobe PhotoShop Elements 11. Lines tracing the rows and columns of whiskers
were added to facilitate allocation of whisker spots to rows and columns (Figure
3.1). This was carried out by manually fitting a line through the points in which
the spots most closely aligned. The average and standard deviation, as well as minimum and maximum numbers of whiskers occurring in each row and column was
then calculated, and a general schematic of the composition of whisker spot patterns
(i.e. in rows and columns) was drawn based on these results.
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Figure 3.1: General whisker spot sketch based on 20 individual wild N. cinerea,
ordered from row A (RA) to G (RG) and columns 1 (C1) to 10 (C10). Black spots
indicate those present in >80% of photographs, grey spots indicate those in 30-80%
of photographs. Rows A to G are illustrated by red lines and Columns 1 to 10 by
light blue lines. Whiskers may also occur above the eye.

In addition to documenting the presence and absence of whisker spots at each
row/column location (e.g. presence/absence of a spot in row A, Column 2; Figure
3.1), a qualitative score was allocated based on whether there was uncertainty as to
whether a row/column location contained a spot. Uncertainty in a spot’s presence
occurred as a result of spots being hidden by fur and the corresponding emerging
whiskers being thin and short, or whiskers overlapping and masking the spots and
whiskers being evaluated (Osterrieder et al., 2015a). In cases where presence or
absence of a spot or whisker could not be definitively determined, it was marked as
an uncertain.
The frequency of individuals having spots at each row/column locations was
quantified to identify areas of consistency and variation among individuals. The frequency was mapped as the percentage of whisker spots occurring at each row/column
location of the total photographs evaluated. The frequency in the uncertainty of
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determining the presence of whisker spots at each row/column location was also
mapped to identify areas of high certainty. A cross-correlation was conducted to
pair-wise compare all different patterns to determine differences and matches between all whisker spot patterns. Cross-correlation was also carried out after removing all locations showing an arbitrary chosen value of >10% uncertainty of a
row/column location showing a spot.
3.4.5

Observer variability

Observer bias has been shown to affect the results of photo-identifying individuals
(Oliveira-Santos et al., 2010). It is reasonable to assume, however, that multiple observers in various studies over time would apply this photo-identification method if
this approach of whisker spot pattern matching proved useful. Therefore, different
operators were asked to select all whisker spots in selected photographs (selection
criteria described below) to examine the consistency in marking the spots. The
lead observer in the overall study, plus five experienced marine mammal observers
marked all visible whisker spots on each of 10 selected photographs (independently
from each other). Photographs included varying whisker spots and fur colouration;
animals at different stages of maturation; wet and dry muzzles, and two images of a
single individual taken at different times (the photographs were marked randomly,
and those of the same individual over time were not marked immediately after each
other). As training, the observers were supplied one additional photograph, prior
to marking the following images. All observers had a minimum of three years’ experience working in marine biology projects and three had been involved in photoidentification of other marine mammals previously.
3.4.6

Analysing uncertainties of marking whisker spots

N. cinerea possess different fur colours between sexes, and while both sexes change
fur colour as they mature from pups to juveniles, males also change fur colour as
they progress from juveniles to adults. As a result, the difference between the colour
of the whiskers, whisker spots, and fur vary depending upon the age and sex of the
animals. In comparison, U. maritimus and P. leo exhibit light fur colours and dark
whisker spots throughout their lives and between sexes.
To determine the impact of fur colour in selecting whisker spots, the colours
(Red, Green and Blue) of whisker spots were compared to surrounding fur. There
are various metrics that could be calculated to quantify the contrast. The authors
chose to do this by calculating the Root-Mean-Squared (RMS) difference of the
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Red (R), Green (G) and Blue (B) levels between the ‘spot’ and surrounding ‘fur’.
Calculating the RMS of the RGB levels to quantify contrast has been used successfully in various applications (such as in Pallottino et al. (2010) to determine
hazelnut peeling). This study used the following implementation, Equation (3.1):
r
RMS =

1
( ) ∑ (Rspot − R f ur )2 + (Gspot − G f ur )2 + (Bspot − B f ur )2
3

(3.1)

Where Rspot is the mean value of the red component (0-255) of the spot and Rfur
is the mean value of the red component of the fur, with the same principle applied
to green (Gspot and Gfur ) and blue (Bspot and Bfur ) components. The mean levels
were calculated from user defined areas of the spot and surrounding fur. The user
attempted to define a similar ratio of spot area to surrounding fur area throughout
the markings to limit bias. The spot itself was used as a mask to exclude those
pixels in the calculation of the RGB mean levels of the fur. To calculate the RGB
mean levels, six whisker spots were chosen in a stratified approach from each of
the 10 photographs marked by six observers. The rational of the stratified approach
was to choose three of these whisker spots marked by five to six observers and three
spots marked by one to four observers. To ensure that pooling of whisker spots
marked by one to two and three to four observers was validated, a Mann-Whitney
U-test was performed, and groups not significantly different from each other were
subsequently pooled. The RMSs of the RGB mean levels were then compared by
applying a Mann-Whitney U-test between whisker spots marked by most or all observers with those marked by low number of observers. The Mann-Whitney U-test
was used due to the non-normal distribution of most groups according to a ShapiroWilk normality test applied beforehand. Where possible, spots for colour extraction
were chosen if no other whisker was overlaying the area and the whisker spot was
clearly visible. Where these spots were not available the pixels comprising overlaying whiskers were included in the analysis as this contributed to the variation in
RGB levels that the observer used to discriminate between to identify the whisker
spot.
All analyses were carried out and figures produced in Matlab R2014a. This
work was conducted under a Department of Parks and Wildlife permit (number
SF009371) and university animal ethics approvals (AEETH24/11 granted by Victoria University, Melbourne and AEC_2013_32 granted by Curtin University, Perth).
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3.5
3.5.1

RESULTS
Composition of whisker spot patterns

Photographs of a total of 76 N. cinerea were selected to determine the general composition of whisker spot patterns; including 44 N. cinerea from the Houtman Abrolhos Islands, 17 from Seal Island and 14 from Carnac Island. A larger number of
good quality photographs were available of the right side of N. cinerea, and therefore were selected for analyses. Of the photographs of the right side of the animals,
good quality photographs of whisker spot patterns were available from a total of 20
individuals: eight from Houtman Abrolhos, four from Seal Island, and eight from
Carnac Island.
The general whisker spot pattern composition of N. cinerea consisted of seven
distinct rows of mystacial whisker spots (rows A to G in Figure 3.1), ordered in nine
to 10 columns (columns 1 to 10, Figure 3.1). Some individuals also had whiskers
above the eye. Based on 20 individuals, the mode of whisker spot numbers in N.
cinerea was 40, ranging from 30 to 46, and on average 38.8 (±3.4 SD). There were
between zero and two whiskers above the eye, called superciliary whiskers.
3.5.2

Application of the Chamfer distance transform method for
identification

A total of 2884 photographs of N. cinerea were taken for individual identification
between November 2013 and June 2014; 1171 on Carnac Island and 1713 photographs on Sea Island, to test the application of spot pattern matching in wild
N. cinerea based on the Chamfer distance transform algorithm (Osterrieder et al.,
2015a). As before, a greater number of individuals were photographed from the
right hand side. Therefore, only photographs taken from this side were considered
for matching. A rigorous selection due to the stringent criteria for photographs, to
be at 90° without any tilt, for successfully matching captive individuals (Osterrieder
et al., 2015a), resulted in a library with 135 photographs of 66 N. cinerea. Of these,
25 individuals were photographed on Carnac Island and 41 on Seal Island. Multiple photographs existed for 45 individuals, with up to five photographs for each of
these.
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3.5.2.1

Identifying similarity thresholds for matches

Distane scores varied significantly (Z = 21.8697, p <0.001) between multiple photographs of the same (confirmed match, number of scores = 332) and different (confirmed non-match, number of scores = 1080) individuals taken on the same day
(Figure 3.2). Comparison of these distance scores resulted in an approximate 50%
probability of a false positive match (a score at which there is an approximately
equal probability of the two whisker spot patterns coming from the same individual
as from two different individuals) at a score of 0.02 (Figure 3.3). Therefore, all compared photographs with distance scores ≤0.02 were manually checked to identify
whether they were a correct match and considered to be of a resighted individual.

Figure 3.2: Box-whisker plots of the distance scores of confirmed ‘matches’ (same
individual, number of scores = 332) and confirmed ‘non-matches’ (different individuals, number of scores = 1080) of whisker spot patterns photographed on the
same day. The median is shown as a black line, 25th and 75th percentiles as vertical
boxes, 90th percentiles as range bars, and outliers as black crosses.
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Figure 3.3: Probability of confirmed matches and confirmed non-matches based
on the distance scores of whisker spot patterns calculated using the Chamfer distance transform algorithm. Distance scores of pattern comparisons are based on
multiple photographs of an individual taken on a single day and of known different
individuals on the same day (n = 135 photographs of 66 individual sea lions).

3.5.2.2

Variability between photographs of the same individual

Distance scores (n = 105) of multiple photographs of the same individual (49 individuals) resulted in an average score of 0.01747 (SD ±0.006434). These distance
scores varied considerably, also when two matched photographs of the same individual were taken within a few seconds of each other (Figure 3.4; higher scores
mean they were less similar). The high variability in scores, with several scores exceeding the threshold of 0.02, occurred up to a time difference of 50 s between tested
photographs, after which the sample size was very small and therefore not presented
(n = 10 after 70 s, max. duration between photographs 23.48 min). Although taken
within short succession of each other, distance scores of >0.02 between photographs
occurred throughout the entire period of 70 s, showing that an individual cannot be
identified reliably in the wild (Figure 3.4).
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Figure 3.4: Distance scores of whisker spot patterns between pairs of photographs
of the same individuals taken within 70 s of each other. 10 scores beyond 70 s were
excluded from the figure for display purposes (four data points around 150-250 s,
four data points around 800 s, and two data points around 1400 s).

3.5.2.3

Manual verification

Out of the total 66 tested individuals, 128 comparisons involving 38 individuals
(unconfirmed matches or unconfirmed non-matches) had distance scores ≤0.02,
with up to 19 potential matches (i.e. resightings) per individual. After manually
(visually) inspecting these 128 comparisons to verify or reject the match (example
in Figure 3.5), 82 of the matches with a distance score of ≤0.02 were rejected
and classed as confirmed ‘non-matches’. Rejections were mainly based on the age
gap of the individuals matched being impossible (e.g. a bull being resighted as a
sub-adult). There were also a few individuals photographed on the same day and
documented as a different individual. Scars large enough to be easily noticed were
rarely seen and scars were therefore not helpful for manual verification of potential
matches. None of the potential matches, based on their whisker spot patterns, from
different days that were visually inspected could be confirmed as a ‘match’ (i.e. a
resighting). Therefore the remaining 46 matches could neither be confirmed nor
rejected as resightings, and were classed as ‘unconfirmed’ matches (example in
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Figure 3.6). The 10 lowest distance scores ranged from 0.0147 to 0.0162, and
resulted in five confirmed non-matches and five unconfirmed matches. The plotted
patterns, neither as filled cells in a grid nor as dots on top of each other, supported
a clear decision as to whether a N. cinerea had been sighted previously (Figure
3.6, example of a ‘match’ and ‘non-match’ in Figures 3.7 and 3.8). The distance
scores of rejected matches, i.e. confirmed non-matches, were similar to the scores
assigned to unconfirmed matches (Figure 3.9, Z = 0.3358, p >0.05). The confirmed
non-matches and unconfirmed matches plotted as cells or spots on a scaled grid
proved too variable to decipher the pattern visually to be able to confirm a resighted
individual.
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Figure 3.5: Standardised whisker spot patterns of individuals A – F, index numbering the good photographs available for each individual.
Black cells represent cells containing whisker spots, empty cells mark the absence of spots. Example of individual A (bold) pairwise matched
with all individuals in the final library. B – F are individuals, each returning at least one spot pattern matched with a distance score ≤0.02
(numbers in parentheses show distance scores to A1 , the lowest score resulted for the combination of individuals). Panels without distance
scores show spot patterns of other photographs available to aid the matching process. Individuals C and E are unconfirmed matches and
individuals B, D, and F confirmed non-matches with individual A (based on age classes). Only spots between reference points of the corner
of the inner eye [0,0], nostril [1,0] and edge of mouth 0.5,0.5] are shown.
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Figure 3.6: ‘Unconfirmed’ matches of A1 (top photograph) with C2 (middle photograph) and E1 (bottom photograph) after visual inspection
of all potential matches (distance score ≤0.02) in the library (Figure 3.4). Standardised spot patterns were plotted on top of each other to aid
visual comparison of A1 and C2 (top grid) and A1 and E1 (bottom grid), including spots beyond the reference points of the corner of the inner
eye [0,0], nostril [1,0] and edge of mouth [0.5,0.5].
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Figure 3.7: Example of a confirmed match of two photographs of the same individual taken 1 s apart with a distance score of 0.0182 (top,
ID11 and bottom, ID12 , photographs). The standardised marked cells of ID11 and ID12 indicate where whiskers are present on grids overlaid
over the muzzle (top right). Black cells represent cells containing whisker spots, empty cells mark the absence of spots. Only spots between
the reference points are displayed. The bottom right grid shows the standardised spot patterns of ID11 and ID12 plotted on top of each other,
including spots beyond the reference points of the corner of the inner eye [0,0], nostril [1,0] and edge of mouth [0.5,0.5].
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Figure 3.8: Example of a confirmed non-match of two photographs of different individuals with a distance score of 0.0188 (top ID12 and
bottom ID21 photographs). The standardised marked cells of ID12 and ID21 indicate where whiskers are present on grids overlaid over
the muzzle (top right). Black cells represent cells containing whisker spots, empty cells mark the absence of spots. Only spots between
the reference points are shown. The bottom right grid shows the standardised spot patterns of ID12 and ID21 plotted on top of each other,
including spots beyond reference points of the corner of the inner eye [0,0], nostril [1,0] and edge of mouth [0.5,0.5].

Figure 3.9: Box-whisker plots of the distance scores of ‘Non-matches’ (confirmed
rejections) and ‘Unconfirmed’ (no confirmed resightings or rejections) of whisker
spot patterns with distance scores of ≤0.02. The median is shown as a black line,
25th and 75th percentiles as vertical boxes, and 90th percentiles as range bars, and
outliers as black crosses.

3.5.2.4

Variability between photographs of wet and dry individuals

The library to test the effects of whether the individual had wet or dry fur included
photographs of 18 wet individuals of which nine individuals resulted in 66 distance
scores of ≤0.02 when compared in pairs. These matches included 14 pairs of both
wet individuals and 52 pairs of which one individual was wet and the other dry.
10 of the wet-wet matches could be confirmed as non-matches and four resulted in
unconfirmed matches, whereas of the wet-dry comparisons, 38 pairs were confirmed
non-matches and 14 pairs unconfirmed matches (Figure 3.10). Pairwise comparison
of dry individuals resulted in 62 matched pairs with distance scores ≤0.02, of which
36 were non-matches and 26 pairs remained unconfirmed matches. The variation of
the distance scores was similar amongst each group of comparison of wet-wet (W
= 34.0, p >0.05, exact distribution method due to small sample size), wet-dry (Z =
0.1654, p >0.05) and dry-dry (Z = 0.5434, p >0.05) individuals (Figure 3.10).
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Figure 3.10: Box-whisker plots of the distance scores of ≤0.02 between whisker
spot patterns of wet and dry individuals and their combinations, which resulted in
‘Unconfirmed’ (no confirmed resightings or rejections) and ‘Non-matches’ (confirmed rejections). The median is shown as a black line, 25th and 75th percentiles as
vertical boxes, 90th percentiles as range bars, and outliers as black crosses. Numbers on top of each box show the number of distance scores for each category.

3.5.3

Identification using row-column locations

Of 57 confirmed mystacial whisker spot locations (i.e. at least one of the 20 individuals had a whisker spot present at these locations), 32 locations occurred in 18 to
20 individuals (90-100%; Figure 3.11a). The remaining whisker spots were located
in the lower and upper column ranges of each row (Figure 3.11a). Marking the
locations of visual uncertainties of whisker spots’ presence, indicated highest uncertainties of whisker spots occurring towards the lower and upper column ranges
of each row, particularly columns 9 and 10 and rows A, B and F (Figure 3.11b). Of
the cells in the mystacial rows and columns, 35% had more than 20% uncertainty,
and 40% had more than 10% uncertainty (Figure 3.11). Whisker spots occurring
in ≥5 individuals showed a decreasing trend in uncertainty (i.e. whisker spots occurring in most individuals had least uncertainty). Whisker spots occurring in <5
individuals had variable uncertainty of a whisker spot’s presence (Figure 3.11c). A
cross-correlation between all pair-wise matched individuals resulted in 20 out of 20
individuals having different whisker spot compositions of marked spots from each
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other. After removing all whisker spot locations with a nominally chosen uncertainty of >10% across all individuals, 12 out of the 20 individuals showed distinct
whisker spot compositions based on gridded locations.
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Figure 3.11: Top and middle panels: a) number of whisker spots’ presence based
on 20 wild individuals (‘x’ indicates locations in which whiskers are absent), and
b) uncertainty of whisker spots’ presence (white indicates 0 uncertainty, and ‘x’
indicates locations in which whiskers were absent with 0 uncertainty). The bottom
row (Eye) represents the number of whiskers occurring above the eye. Bottom
panel: c) uncertainty of a whisker spot’s presence Frequency of mystacial whisker
spots occurring (e.g. uncertainty of 10 means that in 10 individuals it was uncertain
if a whisker spot was present) as a function of mystacial whisker spots occurring
(e.g. an occurrence of 15 means that 15 individuals had this whisker spot) plotted
for 20 individuals (excluding superciliary whiskers).
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3.5.4

Observer variability

There was considerable variation in the number of whisker spots marked by the
first author and five additional observers for 10 photographs of nine individual N.
cinerea when comparing the different observers’ marking of the same individual
photographs (Figures 3.12 and 3.13, Table 3.1). Re-matching of the same individual appears unlikely if the two photographs are analysed by different observers
(Figure 3.13, Table 3.1). Although ID 8 showed the highest variation in terms of
the number of whiskers selected, ID 8 also showed the most consistent marking
amongst all observers according to the distance scores, followed by ID 2 (relatively
low distance scores; Figure 3.13). IDs 8 and 2 are both wet individuals, ID 8 with
black fur colour and light coloured whiskers and ID 2 with light fur colour and dark
whisker spots (Table 3.1). ID 1 (another wet individual), followed by IDs 5 and 6
(both dry individuals), individuals with similar brown coloured fur, whiskers and
whisker spots, showed the highest inconsistency in marking between the observers
according to the distance scores (Figure 3.13, Table 3.1). IDs 4, 5 and 6 displayed
the greatest range of whisker spot numbers between observers and high SDs in the
average number of whiskers marked (Figure 3.13, Table 3.1). Row A, followed by
rows B and G, were the most inconsistently marked rows as were columns 9 and 10
(Figure 3.12), indicating that visibility of the whisker spots was lower than in rows
C to F in the first eight columns.
Up to four eye whiskers were marked on most individuals by at least one observer (except for on one photograph where none were marked by all observers). On
one photograph, ID 8, each observer marked two to three whiskers above the eye
(Table 3.1). Up to five additionally selected mystacial whisker spots were marked
outside of the row/column locations. However, only one of these additional whisker
spots was marked by all observers. All other additional whisker spots varied considerably between observers, and usually only one to two observers selected the
same additional whisker spot. At times, the shadows of overlapping whiskers were
marked which is why these additional whisker spots were analysed separately.
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Figure 3.12: Number of observers (n = 6) that marked whisker spots in rows A to
G in columns 1 to 10; where 10 whisker spot patterns (IDs 1 to 10) were marked by
the first author and five observers experienced in marine science, and the numbers
of selected whisker spot locations summed (i.e. 1: one of the observers marked a
whisker spot at this location, 6: all of the observers marked a whisker spot at this
location). Note that panels 4 and 9 were patterns from two different photographs of
the same individual.
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Figure 3.13: a) Average (dot), and standard deviation (lower and upper error bars)
of whisker spots marked by six observers on 10 different photographs (IDs 4 and
9 are different photographs from the same individual). b) Box-whisker plot of distance scores for selected whisker spot patterns by six different observers of the same
photographs (IDs 1 to 10). ‘Total’ shows the distribution of distance scores from all
pairs (IDs 1 to 10). IDs 4 and 9 are photographs of the same individual, taken on
the same day, and ‘4:9’ shows the distribution of distance scores from each observer
matching the two photographs of the same individual.

70

Table 3.1: Number of whiskers marked by six different observers on 10 photographs (IDs 1 to 10): range (min - max), mode, mean (±SD) as
well as the number of whiskers marked above the eye, and additional whiskers marked outside of the row/column arrangement. Characteristics
for each N. cinerea are given as the fur and whisker spot colour as well as wet or dry condition of the fur and any other notable feature (and
whisker colours generally light to dark brown unless stated otherwise). Note that IDs 4 and 9 were two photographs of the same individual.
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ID

Number
whiskers
(range)

Number
whiskers
(mode)

Number whiskers
(average (±SD))

Number
whiskers
eye (range)

ID 1
ID 2
ID 3
ID 4
ID 5
ID 6
ID 7
ID 8
ID 9
ID 10

35 - 41
37 - 45
37 – 46
27 - 38
28 - 40
30 - 41
31 - 40
33 – 43
29 - 38
26 - 34

35
38
41
27
32
34
31
43
31
30

37.3 (±2.6)
40.8 (±3.5)
41.6 (±3.7)
30.7 (±4.1)
33.8 (±4.4)
34.5 (±3.8)
33.0 (±3.5)
37.3 (±4.5)
32.3 (±3.1)
29.2 (±2.9)

0-4
0-1
0-2
0-2
0-3
0-3
0
2-3
0-2
0-1

Number
additional
whiskers
(range)
0-5
0-1
0-3
0-3
0-2
1-5
0-2
0-2
0-3
0-2

Characteristics:
Fur, whisker spot colour, wet/dry, other

Dark brown, dark brown/black, wet
Light brown, dark brown/black, brown, wet
Dark brown, dark brown/black, dry
Light to dark brown, dark brown/black, dry
Brown, light to dark brown, dry, little bit sand
Brown, light to dark brown, dry
Light brown, light to dark brown, dry
Black, black, wet, white whiskers
Light to dark brown, dark brown/black, dry
Light to dark brown, dark brown/black, dry

3.5.5

RGB levels of fur and whisker spots

The mean difference in Root-Mean-Squared (RMS) of RGB levels between whisker
spots and surrounding fur was significantly greater for spots that were consistently
marked by most or all observers (5-6 of the six observers, number of spots = 30)
compared to spots identified less consistently, by 1-4 observers (which averaged
26.61 (±19.8 SD, number of spots = 30; Z = 3.1417, p <0.002).
3.6

DISCUSSION

Identification of individuals from their whisker spot patterns was non-trivial. The
variation between photographs of potential resightings was similar to the variation
between photographs of different individuals. Two techniques were tested to assess
performance in correctly resighting individuals, however, under the conditions of
this survey, neither exhibited satisfactory confidence in resightings.
Variation between photographs of the same individual, which were taken in
short succession, increased with time between photographs. This suggests that
movements of N. cinerea and the photographer alter the relative orientation between them and the resulting identified spot pattern, such that re-matching was not
possible with the Chamfer distance transform method. The reduction in matching
performance with time implies that as time passes it becomes more difficult to return
to the original relative orientation, possibly also changing light conditions between
photographs. Here, time (i.e. duration between photographs) was effectively acting as a proxy for differences in orientation between animal and photographer and
the potential differences in lighting conditions between photographs taken in succession. While a direct relationship between these effects and time has not been
established, the premise is that a time between photographs increases, so does the
likelihood of difference in e.g. orientation, position, muzzle lighting and, in the
extreme, subject state (for example, a dry subject photographed entering the water
and getting wet before the second photograph, or rolling around covering itself in
sand before the second photograph). A reduction in performance was also observed
in tests with captive animals, although with a reduction from 90% to 73%, it was
not as pronounced as in this study of wild animals (Osterrieder et al., 2015a).
Although individual N. cinerea showed variation in their whisker spot pattern
composition, the numbers of whiskers in each row and column were less variable
than for P. leo (Pennycuick and Rudnai, 1970). In P. leo, the number of whiskers

72

occurring in the top row varied between zero and five, with 13 possible positions
compared to the reference row below and thus this variation could be used to identify individuals. Additionally, the use of both sides of the muzzle, provided sufficient information for a reliable photo-identification method (Pennycuick and Rudnai, 1970). In U. maritimus, there was no consistent row for this type of testing
(Anderson et al., 2007a). In this study, there was a subtle difference from findings
in U. maritimus in that there was no row in N. cinerea that exhibited a relatively
high variability in occurrence in whisker spot location that could also be consistently marked. Therefore, the reason was similar to U. maritimus in that applying
the pattern matching method used in P. leo was inapplicable to N. cinerea, under the
conditions in this study.
When applying the Chamfer distance transform approach to wild individuals,
the probability of 50% of the matches being false positives was determined to be
0.02, 33% higher than the 0.015 determined for captive individuals by (Osterrieder
et al., 2015a). Photographs taken in controlled environments therefore showed less
variation than when taken in the wild. However, as mentioned above, success rates
decreased when matching photographs taken over time of captive N. cinerea, showing that repositioning caused differences in spot patterns even in controlled environments (Osterrieder et al., 2015a). Orientation of photographer and N. cinerea to
each other appeared to be too difficult to duplicate with reliable accuracy for matching purposes, both in the wild and in controlled surroundings.
In controlled environments and with trained individuals, 70% of photographs
taken on different days were matched correctly using the Chamfer distance transform approach. In comparison, unconfirmed matches and confirmed non-matches
of wild individuals were not significantly different in their distance scores. Although only good quality photographs were used, small changes between photographs in N. cinerea position (how they are holding their heads or lying on the
sand), different light conditions or slight variations in photograph angle appear to
introduce too much variation to enable resightings in the wild.
Observer bias was significant in this study resulting in re-matching even the
same photographs unlikely if analysed by different observers. The selection of the
exact locations of the reference points, particularly at the end of the mouth, varied
considerably among observers, contributing to variation in detected whisker spot
patterns when marked by multiple observers. Three of the observers commented
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that marking spots and determining exact locations of reference points was difficult. Photographs in which N. cinerea had closed eyes made the first reference
point (the corner of the eye) more difficult to distinguish, and best guesses in these
cases may have resulted in inaccuracy in standardisations of the images. Applying the row/column approach, however, showed that the areas of highest uncertainties detected by the main observer were the same areas where inconsistencies were
found between multiple observers. Thus, the difficulty in marking the whisker spots
was independent of those found in marking the reference points. Whisker spots located on the periphery of the populated area of the muzzle presented the highest
uncertainty of all spots when marked by the main observer. At the same locations,
inconsistencies in detections of whisker spots occurred among observers. Several
studies have shown variations in photo-identifying individual animals when different observers analysed the photographs (e.g. Anderson et al., 2007a; Friday et al.,
2000; Oliveira-Santos et al., 2010). Differences may occur when observers are less
experienced (Friday et al., 2000) or when photographs are poor in quality. In this
study all observers were trained scientists and were given detailed instructions for
marking, and only good quality photographs were used. This supports the premise
that variation between different individual animals may be too small and even the
best photographs too variable to identify N. cinerea in the wild in conditions similar
to those of this study.
Variability in marking photographs can also occur when the unique mark or part
of it is inconspicuous or too similar to other marks present (Anderson et al., 2007a;
Friday et al., 2000; Oliveira-Santos et al., 2010). Comparing the distinctiveness of a
whisker spot within the surrounding fur showed that whisker spots selected by most
or all observers were more visible on an RGB scale than whisker spots selected
by few observers. This association suggests that whisker spots may not have been
clearly discernible at certain locations, particularly, the mystacial whiskers in the
top row, above the top row, and in the columns close to the nostril. Due to the inconsistency in spot detection among observers, Anderson et al. (2007a) suggested
identifying unambiguous spots to ensure consistent selection of whisker spots, in
addition to using only high quality photographs. For methods that use the relative
location of these whisker spots, this method could be effective (if distortion from
photographs taken at slightly different angles does not affect accuracy). However,
if the method relies on the presence and absence of spots within rows and columns,
removal of inconsistent and uncertain columns and rows for individual identification would reduce the probability of a whisker spot pattern being unique.
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The highest individual variability in whisker spot patterns occurred in the areas
of highest inconsistency in whisker spot selection (Osterrieder et al., 2015a). However, some of this variation among individuals in Osterrieder et al. (2015a) may
have been caused by inconsistent selection of whisker spots. Nonetheless, most individuals in this study, still showed unique patterns based on row/column locations
after removing areas of high uncertainties, suggesting that differences in whisker
spot patterns do occur in wild N. cinerea. There was high variability in uncertainty
of spots with low number of occurrences, with some whisker spots showing low
uncertainty when occurring, and adding to the variation of spot patterns detected.
The rate of unique pattern composition, 60% in 20 individuals, however, was lower
than found in photo-identification methods in other species, e.g. 98% in 50 individuals in U. maritimus and 92% in 25 P. leo (Anderson et al., 2007a; Pennycuick
and Rudnai, 1970) and while the latter methods differed slightly from this study, the
difference in performance is tangible.
The contrast between whisker spots and fur is one of the most obvious differences between N. cinerea and U. maritimus, P. leo and P. pardus kotiya (Anderson
et al., 2007a; Miththapala et al., 1989; Pennycuick and Rudnai, 1970). In P. leo
and P. pardus kotiya, the black whisker spots are highly visible against the contrasting pale fur colour, and the authors of the studies indicated that there was little
ambiguity in identifying their presence and absence. With the greater accuracy of
selecting presence and location of whisker spots, smaller differences between individual patterns are also easier to detect and greater information can be gleaned
from smaller areas. Among individual N. cinerea in this study, there was a high
variation in fur and whisker spot colours. This study showed that the colouration
in N. cinerea impacted the consistency of marking whisker spots significantly, with
whisker spots with higher colour variability to the surrounding fur being marked by
more observers.
The difference in RGB levels between the whisker spots and surrounding fur
was calculated conservatively in that only spots that were perceived by the main
observer were used. However, whisker spots in N. cinerea can also be covered or
partly covered by fur, decreasing the area with colour differences available to be
detected, especially in those areas with smaller and thinner whiskers (Ling, 1977).
Different light conditions can obscure whisker spot marking as well by introducing
glare or by darkening sections of the muzzle on the photograph. Sand on the muzzle
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of N. cinerea complicated marking as well, but muzzles predominantly covered in
sand were excluded from analysis. Due to these difficulties, some spots may have
been missed on some photographs and manual marking of spot patterns may have
also introduced some variation. Some colour combinations were particularly difficult, specifically in cases where whiskers and whisker spots blended in with the fur
colour. The whisker spot to fur colour difference appeared to be more pronounced
in wet than in dry individuals, with the whisker spot selection in two out of three
wet individuals showing consistency between the observers. The photograph of the
third wet individual showed some sun glare in the top rows, contributing to the difficulties of selecting the whisker spots. Although wet individuals were marked with
greater consistency between observers, there was still some marking variation in the
columns towards the nostril as well as in the lower rows. However, distance scores
of wet and dry individuals did not differentiate between these more easily marked
matches, which could not be ground truthed either.
In harbour seals (Phoca vitulina), the use of multiple photographs for each individual in an automated matching process using spot patterns in their fur increased
matching success significantly (Hastings et al., 2008). It is possible that the use of
multiple photographs improves matching for photographs with small variations (for
example, minor changes in lighting or shade, environmental conditions or animal
- photographer composition). However, in this study, while many individuals had
more than one good quality photograph available, the matching did not appear to
be improved with greater number of photographs. Furthermore, a larger number
of photographs had to be discarded due to the stringent selection required. The
low success rate of suitable photographs obtained also presents limitations in this
method in the field.
Pinnipeds have well-developed whiskers in regards to their length and thickness, and are generally ordered in rows and columns as is typical of mammals (Ahl,
1986; Ling, 1966, 1977; Miller, 1975). The numbers of mystacial whiskers per
individual recorded in this study was between values reported from two previous
studies, which reported 26 and 44-48 whiskers for N. cinerea, respectively (data
obtained from unknown sample sizes; Ling, 1977, 1992). Only one of the individuals marked by six observers resulted in a mode as low as 27 mystacial whiskers,
and 45-46 whiskers were recorded as maximum values in this study (Ling 1977;
Ling 1992). Compared with those of U. maritimus and P. leo, the whiskers of N.
cinerea are more pronounced and frequently overlap spots in rows below (Ling,
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1977; Pennycuick and Rudnai, 1970). This further explains the difficulty in selecting some whisker spots in the lower rows, particularly row G. Two and three superciliary whiskers have previously been recorded, which is consistent with this study
although they were detected by only a few observers (Ling, 1977, 1992). Similar to
the infrequently selected mystacial whiskers, superciliary whiskers often appeared
inconspicuous within the surrounding fur and were often missed.
Whisker spots outside the row/column locations add information to patterns,
making them more distinctive. However, additional mystacial whisker spots, apart
from one on a single individual, were not usually selected by most observers and
increased the inconsistency in whisker spot detection. For additional whisker spots
to be useful, they need to be distinctive and readily detectable by observers. On
some occasion, the shadows of whiskers gave the impression of additional whiskers
occurring; and on other occasions, very small and short whiskers growing adjacent
to the main whisker identified for that row/column were marked. These detections
added to the inconsistency of marking whisker spots. More experience in whisker
spot selection with varying colour combinations of fur, whisker spots and whiskers
and light conditions could reduce inconsistencies due to colour contrast. However,
difficulties in selecting whisker spots on photographs taken under environmental
conditions such as obscuring sand, light and glare would still affect consistency,
which could perhaps be removed by considering these as poor quality photographs.
This would, however, considerably limit the number of photographs available, or
extend the time required to acquire photographs of sufficient quality.
The use of the Chamfer distance transform approach on spots that can be consistently identified and are of high colour contrast may overcome some limitations
experienced in the previous test of its application to wild N. cinerea. However,
the variability in patterns resulting from a smaller number of spots may potentially
limit the method to small colonies. If only consistent spots were used and there was
sufficient uniqueness in the relative distances between them, approaches that correct for distortion could have some success. The Groth algorithm has successfully
been used for pattern matching in whale sharks (Rhincodon typus). It is based on
using triangles, matching the dimensions of all possible triangles between selected
spots, and may improve matching results between photographs taken with slight angle variations (Groth, 1986; Arzoumanian et al., 2005). The visual confirmation of
potential resightings by either comparing plotted spot patterns alone or by including
the whole body was unsuccessful in this study. An alternative method would need
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to overcome uncertainties of confirming matches or be sufficiently robust so that
visual checks would be unnecessary. Other possible discrimination methods could
include using other features such as flippers (McConkey, 1999; McNally, 2001).
However, the hind flippers are rarely observed spread out and were deemed unfeasible to be used for photo-identification (by the author). Hence, this method,
previously used in Hooker’s sea lions (Phocarctos hookeri), was not tested here. It
may be possible to test whether a single front flipper contains enough information
for photo-identification. In general, the authors have observed that animals spend
long periods with their flippers tucked under the body, or buried in sand. Hence, a
considerable amount of effort (and time) may be required for N. cinerea to move and
stretch or lift one of its front flippers into an appropriate position for photographing.
An automated software developed for using the outline of sea lion flippers to
match sea lions by their flipper shapes provides a list of the most likely matches
(Gope et al., 2005). In testing the software, Gope et al. (2005) found that 27 incorrect matches were suggested before the correct image on the list was suggested as
a match. Thus, the software was reported to support individual identification with
required visual double-checking. If confirmations of potential matches by eye were
robust and feasible, and there was sufficient information in flipper shapes to apply
to large populations, this method may then be more viable than using whisker spot
patterns. The whisker spot patterns showed large variation between photographs of
the same individual under the conditions and with animals tested in this study.
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Chapter 4
Variability in haul-out behaviour by male Australian sea lions
Neophoca cinerea in the Perth metropolitan area, Western
Australia

Sylvia K. Osterrieder, Chandra Salgado Kent, and Randall W. Robinson
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4.1

ABSTRACT

Pinnipeds spend significant time hauled out, and their haul-out behaviour can be
dependent on environment and life stage. In Western Australia, male Australian
sea lions Neophoca cinerea haul out on Perth metropolitan islands, with numbers
peaking during aseasonal (~17.4 months in duration), non-breeding periods. Little is known about daily haul-out patterns and their association with environmental
conditions. Such detail is necessary to accurately monitor behavioural patterns and
local abundance, ultimately improving long-term conservation management, particularly where, due to lack of availability, typical pup counts are infeasible. Hourly
counts of N. cinerea were conducted from 08:00 to 16:00 h on Seal and Carnac
Islands for 166 days over two years, including two peak periods. Generalised additive models were used to determine effects of temporal and environmental factors
on N. cinerea haul-out numbers. On Seal Island, numbers increased significantly
throughout the day during both peak periods, but only did so in the second peak
on Carnac. During non-peak periods there were no significant daytime changes.
Despite high day-to-day variation, a greater and more stable number of N. cinerea
hauled out on the significantly smaller beach of Seal Island than at Carnac Island
during one peak. Overall, numbers hauled out were associated with temperature
and tidal height, but not wind speed. Relative percentages of age classes (juveniles,
sub-adults and adults) hauled out also varied with time of breeding cycle. Due to
high variability in haul-out behaviour in space and time, and its association with environmental conditions, we conclude that counts for monitoring relative abundance
to inform management objectives should be conducted systematically, using robust
survey designs with relatively large sample sizes.

4.2
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4.3

INTRODUCTION

Hauling out is a behaviour displayed by pinnipeds where animals temporarily leave
the water to spend time on land between periods of activity. Hauling out onto land is
important for pinnipeds during specific periods of their life cycle, such as breeding
and moulting, but most pinniped species also haul out for other reasons. For example, they may travel considerable distances to foraging grounds and may forage at
their aerobic dive limits (e.g. Arnould and Hindell, 2001; Costa and Gales, 2003;
Chilvers et al., 2005), thus hauling out may help conserve energy and contribute
to recuperation (Riedman, 1990). Pinnipeds may also haul out to avoid predation
(LeBoeuf et al., 1982), as shown by an inverse relationship between successful
great white shark Carcharodon carcharius attacks and distance from a haul-out island (Hammerschlag et al., 2006) or increased instances of haul-out behaviour in
the presence of killer whales Orcinus orca (London et al., 2012). Haul-out sites are
also commonly used for social interactions and thermoregulation (e.g. Ling et al.,
1974; Marlow, 1975; Krieber and Barrette, 1984; Riedman, 1990).
The duration and frequency of hauling out can be specific to species, population
or individual. Duration of haul out may be longer during the breeding and pupping
season of some pinniped species (e.g. Lake et al., 1997; Southwell, 2005), which
may be related to variations between female and male haul-out duration and pattern
(Thompson et al., 1989; Reder et al., 2003; Southwell, 2003). Accordingly, within
a population of the same species, age and sex, as well as timing within the breeding,
pupping or moulting cycles, can influence haul-out patterns (Thompson et al., 1989;
Reder et al., 2003; Bengtson and Cameron, 2004).
Previous studies of seals and sea lions have shown considerable differences between species in diurnal and seasonal fluctuations in haul-out numbers (Thompson
et al., 1989; Sepúlveda et al., 2001; Reder et al., 2003; Sepúlveda et al., 2012).
Some phocids and otariids have shown lower numbers in the morning, with peaks
in the afternoon (Stirling, 1968; Lake et al., 1997; Carlens et al., 2006), though the
timing of the peaks can vary between seasons (Lake et al., 1997). Some seals, for
example, hauled out more over midday in some seasons, but less at the same time
of day during others, such as harbour seals Phoca vitulina in Scotland, where there
was a greater probability of hauling out around midday in summer (Cunningham
et al., 2009). Diurnal haul-out patterns can also vary between locations (Cunningham et al., 2009), a trait observed in South American sea lions Otaria flavescens
(Rosas et al., 1994; Sepúlveda et al., 2001, 2012).
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Several studies have shown that variations in numbers of pinnipeds hauled out
can be affected by weather conditions, such as temperature, cloud cover or wind
speeds (Schneider and Payne, 1983; Watts, 1992; Carlens et al., 2006; AndrewsGoff et al., 2010). Additionally, oceanographic factors, such as tidal heights, times
or currents may play a significant role in haul-out patterns (Stirling, 1968; Pauli and
Terhune, 1987b; Thompson et al., 1989; Watts, 1992). There may also be a combined effect of several environmental conditions combined with time of day and
season (e.g. Schneider and Payne, 1983; Pauli and Terhune, 1987a,b; Thompson
et al., 1989; Lake et al., 1997; Reder et al., 2003; Carlens et al., 2006; Mogren
et al., 2010).
Australian sea lions Neophoca cinerea have been listed as Endangered on the
IUCN Red List and are endemic to South and Western Australia (Goldsworthy,
2015). N. cinerea have an unusual breeding cycle, unique among pinnipeds. Breeding takes place aseasonally on average every 17.4 months (range: 16.0-19.9 months)
and asynchronously between breeding locations, during a period of five to nine
months (Ling and Walker, 1978; Gales et al., 1992; Higgins, 1993; Gales et al.,
1994; Goldsworthy et al., 2008). Haul-out sites in the Perth metropolitan area
(Western Australia), approximately 250 km south of the closest breeding islands
at Jurien Bay, are known to be used exclusively by males (Gales et al., 1992). Male
N. cinerea travel significant distances away from breeding colonies, presumably to
maximise foraging success and efficiency (Gales et al., 1992). Thus, access to these
non-breeding haul-out sites is critical to the health of male sea lions and successful
reproduction of the species. Management to reduce human impacts at key haulout sites where animals rest is often implemented (e.g. Gales, 1995; Lovasz et al.,
2008), especially in areas of high human visitation such as the Perth metropolitan
area. To determine the effectiveness of management guidelines, monitoring of animals using the islands is often undertaken by conducting counts over time (Cassini
et al., 2004; Salgado Kent and Crabtree, 2008). These counts can be used as estimates of relative abundance on which to base trends. Male numbers at the Perth
haul-out islands peak aseasonally, aligned with the non-breeding season (Ling and
Walker, 1978; Gales et al., 1992; Higgins, 1993; Gales et al., 1994; Goldsworthy
et al., 2008). While these peaks can be predicted, little is known about the extent
and variability in daily use of these islands, or how they vary with environmental
conditions. Variation in the proportion of age classes on these islands is also unknown.
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Counts are often used for management purposes to monitor numbers of animals
hauled-out on islands over time. Based on the resulting counts, measures, such as
establishing sanctuary zones in areas used by large number of animals, may be implemented to minimise human disturbance (e.g. Gales, 1995; Cassini et al., 2004).
However, single counts used as an indicator of numbers of animals using a haul-out
site can be subject to significant inaccuracies when there is large day-to-day variability (Southwell, 2005). Consequently, information on the extent of use of these
islands and its associated variability with environmental conditions is critical for
accurately monitoring changes in behaviour and relative abundance and is essential
for the long-term conservation management of N. cinerea in the region.
To enhance current knowledge and thereby improve future monitoring practices and conservation management of N. cinerea, we aimed to identify whether N.
cinerea had a consistent pattern in daily haul-out behaviour. We recorded haul-out
numbers over a two year period on two main haul-out islands in the Perth metropolitan area, and assessed whether hauling out was associated with local environmental
conditions.
4.4
4.4.1

METHODS
Study sites

Male N. cinerea are known to regularly haul out on six islands off the Perth metropolitan coast in Western Australia (WA; Figure 4.1). On these six male-only haul-out
islands, Seal (-32.29° S, 115.69° E) and Carnac (-32.12° S, 115.66° E) Islands are
used by the largest number of N. cinerea, with up to 28 and 45 individuals hauled out
during the Perth peak season, respectively (Gales et al., 1992), and were therefore
chosen as the field sites for this study. The Perth peak season refers to the season
in which the number of hauled out N. cinerea around Perth peaks, which shall now
be referred to as the peak season, unless stated otherwise. Approximately 15 N.
cinerea can be found hauled out at Burns Rocks and Little Island combined, mostly
less than 10 at Dyer Island during the Perth peak season, and one or two can be
found infrequently on Penguin Island (Department of Parks and Wildlife [DPaW],
unpublished data). It is highly likely that sea lions move between the haul-out islands given their proximity to each other; however, this has rarely been documented
(Gales et al., 1992).
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Figure 4.1: Haul-out sites of N. cinerea in the Perth metropolitan area.
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Seal Island is located in the Shoalwater Islands Marine Park, approximately 0.9
km offshore from Shoalwater (ca. 45 km south of Perth, capital city of WA, Figure
4.1). Seal Island is a sanctuary zone, managed as a ‘look, but don’t take’ area and,
as such, landing on the island is prohibited (DEC, 2007; DEC and Fisheries, 2011).
The island provides a sandy beach of approximately 0.27 ha on the eastern side of
the island (estimated from a Google Earth, 2014 image from 1st January 2014) with
shrubs at the edges, small rocky overhangs and caves north and south of the beach,
as well as along the southern bay. Apart from the beach area, the shores of the island
are rocky. N. cinerea mainly use the beach and occasionally use adjacent shrubs or
caves to haul out.
Carnac Island, approximately 10 km south-west of Fremantle (ca. 15 km south
of Perth, Figure 4.1) is classified as an A class nature reserve. Access to most of the
island is prohibited, but the southern part of the eastern beach is available for public
access during the day (CALM, 2003). N. cinerea mainly haul out on the sandy
beach of ca. 0.78 ha (estimated from a Google Earth, 2014 image from 1st January
2014) located on the east side of the island. The beach is fringed with shrubs and
small bushes. There are some rocks, small rocky overhangs and caves to the north
and south of the main beach where N. cinerea have been observed occasionally.
4.4.2
4.4.2.1

Data collection
N. cinerea counts

Counts of N. cinerea on the main haul-out beaches of Seal and Carnac Islands were
undertaken over 166 days between June 2012 and April 2014. The study was designed so that days on which counts were undertaken occurred approximately once
or twice a week over most of the study period; however, on occasion, sampling was
less frequent. During each day of counts, all N. cinerea within view of the observer
were counted hourly, primarily between 08:00 and 16:00 h. N. cinerea not in view
at the time of counting, but known to be present during the count (i.e. seen when
entering a cave as well as when exiting) were also included in the counts. Counts
were made every hour, except during inclement weather or when there were technical difficulties that caused some counts to be missed during the day or some days
cut short. Counts on Seal Island were conducted over 78 days and on Carnac Island
over 88 days.
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On Seal Island, the observer was located strategically, where the entire beach
was within view, and counts were conducted with the aid of binoculars (Nikon Eagleview 8-24 × 25). At Carnac Island, a live camera (AVT284 IP Camera with
remote Pan, Tilt, and Zoom capability and 22× optical zoom), owned and serviced
by DPaW, with a radio link to the local office (using a Proxim 8150 PTP microwave
radio link), was used. This radio link allowed remote control over the camera’s
viewing direction and zoom (Salgado Kent and Crabtree, 2008). The camera is located on a vantage point overlooking the eastern beach and was panned from north
to south along the beach to count the N. cinerea. The zoom was used to aid counts
when necessary, particularly to distinguish N. cinerea from some rocks on the far,
southern part of the beach. This method was considered to accurately reflect counts
that would have been made at a strategic vantage point at the site, based on the results of a study comparing simultaneous in situ beach counts and counts made with
a previous model of this camera on the island (Salgado Kent and Crabtree, 2008).
There were several cases when these methods were not used, due to logistical
constraints (for example, in instances when a vessel was not available to travel to
Seal Island or the live camera was not working at Carnac Island). On Seal Island,
between July and August 2012 as well as on the 9th October 2012, a vantage point
on the mainland (on the coast of Shoalwater, WA) with the entire beach area on Seal
Island in view was used. Counts from this location were conducted using either a
telescope (115 mm Tasco reflecting with either a 25, 20 or 10 mm eye piece with 36
×, 45 × or 90 × magnification, respectively) or a spotting scope (Televid 77 with
20 × to 60 × zoom). The vantage point on the mainland (at 32.2855° S, 115.7035°
E) was approximately 1.4 km away from Seal Island, and the telescope and spotting
scopes were considered to give sufficient magnification to count N. cinerea easily
and accurately. On Carnac Island, between the end of November 2013 and the end
of April 2014 (with the exception of 8th and 13th January 2014), counts were conducted directly from the vantage point where the live camera was located.
During all counts (with the exception of the first six months of the study; i.e.
counts before 22 nd October 2012), animals were visually classified into age groups
by S. K. O., either as juvenile, sub-adult, adult or otherwise unknown, following the
description of Jefferson et al. (2011). Juvenile males were identified based on their
silvery grey backs and light brown or fawn lower fronts. They are also lighter in
colour than sub-adults and adults. Sub-adult males are larger and darker than juveniles and most show a white ring around their eyes which diminishes as they grow
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into bulls. Bulls are usually dark brown with a light creamy coloured crown. A number of N. cinerea present in the Perth metropolitan area are in intermediate stages
of becoming either a sub-adult or adult and it can be difficult to distinguish between
the age classes. For classification purposes here, younger N. cinerea, with undersides darker in colouration than juveniles and showing darker spots, were classed as
sub-adults. Distinguishing between sub-adults and adults was based on size and the
light coloured crown. If the individual showed a pronounced white eye ring and the
light coloured crown was at the initial stages of showing through, it was classified
as a sub-adult; however, if a full white crown was visible it was classified as an
adult. For most N. cinerea, the age classification was straightforward. However, if
no decision could be made or an individual N. cinerea was obscured sufficiently so
that no age class could be determined, the class was recorded as unknown. Counts
and age classifications were made by the same observer to avoid observer variability (Udevitz et al., 2005).

4.4.2.2

Environmental data

Beaufort condition and cloud cover (in percentage) were recorded qualitatively at
the time each count was made. Quantitative measures of air temperature, wind
speed, wind direction, precipitation and atmospheric pressure at sea level were
accessed through the Bureau of Meteorology (BOM) half-hourly weather station
measurements made on Garden Island. This station was the closest to the study
sites; located between Seal and Carnac Islands at a range of approximately 5.5 and
13.8 km from the islands, respectively. Weather station readings within 30 min
from the start time of N. cinerea counts were taken to represent those at the time
counts were made. Tide levels (from the lowest astronomical tide) at the start of
counts were interpolated based on half-hourly tidal measurements from the tidal
gauge at Fremantle, WA (provided by BOM). The times in which counts were conducted were recorded using a GPS set to local time (UTC +8) unless the remote
controlled camera was used, in which the current local time was accessed from
www.timeanddate.com (which uses Australian Western Standard Time). The times
were also expressed as decimal hours since sunrise in the final database by subtracting the time of sunrise (accessed from www.timeanddate.com) from the local start
time of counts (with minutes being divided by 60 to express decimal hours).
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4.4.3
4.4.3.1

Statistical analysis
Modelling

Generalised additive models (GAM) with Poisson distribution and log link functions for count data were used to determine the relationship between temporal and
environmental factors and numbers of N. cinerea hauled out at the two islands.
GAMs were chosen to allow the inclusion of smoothers in the model as well as an
autocorrelation structure to account for the dependency of subsequent counts in a
short time period. Explanatory variables included survey interval (as a factor) with
eight levels (1 to 8), location as a factor with two levels (Seal and Carnac Islands),
hours since sunrise (in decimal hours) in which the counts were made (as a continuous variable), and temperature, tide level and wind speed (as continuous variables).
The entire survey time was split into eight survey intervals, hereafter called ‘periods’. Each period consisted of an average of 83.6 days (varying by a maximum
of three days), with Period 1 starting on Day 1 of the study and Period 8 starting
on Day 586 (corresponding to 6th July 2012 and 12th February 2014, respectively).
Periods 1 and 7 were found to be the peak periods for N. cinerea counts, and Period
4 fell on the minimum of the cycle. As not all intervals within the 17.4 months
breeding cycle of N. cinerea could be sampled multiple times, ‘period’ is treated
as a sequential survey interval from 1 to 8 rather than a period relative to the aseasonal cycle. Thus, Periods 1 and 2 and Periods 7 and 8 represented intervals during
sequential peak and post-peak periods in the aseasonal cycles, respectively. Each
period included between 20 and 26 survey days (across both islands), except Period
6 (October 2013) which had nine survey days. The autocorrelation structure used
decimal days rescaled so that values were relative to the time since sunrise, reported
as hours since sunrise from Day 1.
Interaction terms included time since sunrise by location and location by period. Correlation structures tested to account for temporal correlation among counts
included autoregressive correlation of order 1 (AR-1), continuous AR(1), and exponential and spherical correlations (available in the R package ‘mgcv’ used for the
GAMs; Wood, 2006).
Variance inflation factors (VIF) were used to test for collinearity. All covariates
showed VIFs <3, indicating no collinearity between covariates (Zuur et al., 2007,
2009). Sea level pressure, however, showed high nonlinear correlation with air
temperature and was excluded from the analysis to prevent model misfit. Air tem-
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perature was chosen as biologically more significant than sea level pressure because
air temperature has shown significant influence on haul-out behaviour in previous
studies (e.g. Carlens et al., 2006). Precipitation was excluded from the models because of the lack of rainy days and, therefore, the poorly balanced data set. Cloud
cover was recorded as a percentage of the whole sky. This was removed from the
analysis (to simplify an already complex model) as it was considered of low biological significance, since recorded clouds could have been far away and not impacting
N. cinerea locally. Wind speed influences the sea conditions, the Beaufort scale
measures, and therefore, we included wind speed as the more direct covariate in the
model, excluding Beaufort from the analysis. Wind direction was excluded from
the analysis to keep the model as simple as possible (and to avoid problems in convergence), since it was considered biologically of less significance than the other
variables. The full model thus included air temperature, tide level and wind speed
as environmental covariates. Temperature, wind speed and tide level showed some
non-linear patterns with period, hence the validity and interpretation of models including these environmental factors were assessed carefully. Three counts lacked
temperature and wind speed measurements and were thus removed from the analysis.
4.4.3.2

Data exploration and model validation

Data exploration was undertaken to identify and remove any outliers or any single
exceptionally large or small values that would overly influence the model results,
and to check general assumptions of GAMs. Counts from two days, Days 38 and
550 (within Periods 1 and 7, respectively) from Carnac Island were excluded from
the model to avoid influential data in the analysis. Counts on Day 38 were exceptionally low and were made two days after an unusually large storm event. Day 550
had exceptionally high numbers of N. cinerea.
The general approach to model construction and validation was to begin with
the most complex model, with all effects that were considered to be of relevance
to the numbers of N. cinerea hauling out based on biological knowledge (Flom and
Cassell, 2007; Zuur et al., 2009). The model was restricted a priori to an acceptable
level of complexity, based on a general rule of thumb of at least 20 samples per
covariate level (Harrell, 2001), with the exception of Period 6 with nine sampling
days. Period 6 was included in the analysis to avoid a large data gap between Periods 5 and 7, and was interpreted carefully. To validate the model, residuals were
plotted against each individual explanatory variable to ensure there were no obvious
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patterns. To test that the inclusion of a correlation structure accounted for dependency sufficiently with no persisting autocorrelated residuals, normalised residuals
were inspected for remaining pattern using variograms (Zuur et al., 2009). Fewer
counts were made before 08:00 h and after 16:30 h which appeared to influence
the autocorrelation left in the normalised residuals. Therefore, only counts between
08:00 and 16:30 h (which included 0.7 until 10.9 h after sunrise) were included in
the models.
Following this first complex model, submodels were created by removing insignificant explanatory terms (p > 0.05) with very small estimated variances one by
one from the model, starting with the least significant term for model simplification
(Wood, 2006; Zuur et al., 2009). Each time, the resulting submodel was refitted
and re-validated. Submodels were compared, and of these the final model was
selected by finding the simplest validated model using Akaike’s information criterion (AIC) as a guide. While identifying the simplest model that reduced the AIC
by >2 units (Burnham and Anderson, 2002) was the initial aim, because environmental variables were related (non-linearly) to period, selection of the lowest AIC
reduced by >2 units would have meant removing significant terms from the model.
We minimised AIC for model selection, while including all significant terms based
on pvalues for which to explain phenomena (Valpine, 2014). Smoothers fit to the
variable ‘time since sunrise’ were straight lines, indicating linear relationships between response through the link function and covariates, and did not improve the
model from one using a nonsmoothed ‘time since sunrise’ term according to the
AIC. When adding a smoother to tide level in the final model selected the model
could not converge; however, comparisons in previous submodels leading up to the
final model fit better with tide as a nonsmoothed function. Time since sunrise and
tide level were therefore added without smoothing functions.
Finally, there were some submodels that could not be tested, for the simple
reason that they did not converge. All submodels, regardless of which insignificant
terms had been removed, showed the same explanatory variables as significant, providing confidence in the final model selected.
As a large number of N. cinerea used the islands during peak periods (i.e. Periods 1 and 7 in this study), maximum counts were also compared between islands.
Finally, models were not generated for identifying patterns associated with age class
since data sets split by age class did not contain sufficient samples. These patterns
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were, however, investigated using exploratory analyses. The maximum numbers
of juveniles, sub-adults, adults and unknowns counted for each day were averaged
over each period. Percentages of each class were then calculated from the averages.
All analyses and figures were produced using R version 3.1.1 (R Development Core
Team, 2014) run through RStudio Version 0.98.983 - © 2009-2013 RStudio.
4.5

RESULTS

Neophoca cinerea was observed on 163 of 166 survey days. There were 620 hourly
counts made over 78 days on Seal Island and 712 counts over 88 days on Carnac
Island, totalling 1332 hourly counts. Models were produced using 1227 counts,
which covered all survey intervals (603 from Seal Island and 624 from Carnac Island).
The final GAM selected which produced the most parsimonious model followed
the form:
log(µi ) = α + β1 × TimeSinceSunrisei + β2 (Periodi × Locationi ) + β3 × Tidei
+ s(Temperaturei ) + ei ,
(4.1)
where
ei =∼ Time + εi

(4.2)

with µ being the number of N. cinerea observed at count i, α being the intercept, β
the corrections of the slope for each covariate at count i, s the smoothing function,
and ei consisting of the correlation structure indicated by the Time + noise ε (with
noise normally distributed with mean 0 and variance σ 2 ). Time here was expressed
as decimal days, rescaled so that values were relative to the time the sun rises (rather
than relative to GMT). A spherical correlation structure resulted in the best fit, and
was given by the equation in Pinheiro and Bates (2000), their Table 5.2:
s
s
γ(s, ρ) = 1 − [1 − 1.5( ) + 0.5( )]3
ρ
ρ

I(s < ρ)

(4.3)

with γ(s, ρ) as the correlogram with correlation parameters ρ as the range and
s as the time, and where function ‘I(s < ρ) denotes a binary variable taking value
1 when s < ρ and 0 otherwise’ Pinheiro and Bates (2000, p. 231). The greatest
variation in numbers of N. cinerea on Seal and Carnac Islands was from the 17.4
month aseasonal cycle in arrival at and departure of animals from breeding grounds.
Peak numbers at both islands occurred between July and August 2012 and December 2013 and January 2014 (Period 1 and 7, respectively, Figure 4.2). The trough
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in numbers was between April and May 2013 (Period 4). This was reflected in the
model by ‘Period’ being the most influential variable (p <0.001, see Table A1 in the
Supplement). There was a significant difference in numbers of N. cinerea hauling
out on Seal and Carnac Islands (p <0.001, Table A1), with overall numbers greater
at Seal than at Carnac Island (Figure 4.2). The interaction between period and location was significant (p <0.001, Table A1), showing that the greater numbers at
Seal Island than at Carnac occurred during Periods 1, 2, 5 and 6 (Figure 4.2). Numbers of N. cinerea present did not show any significant difference between the two
islands in Periods 3, 4 and 7 but numbers on Carnac Island were greater than on
Seal Island in Period 8 (Figure 4.2). A small increase with time since sunrise was
observed for Carnac Island in the second peak season, but not in the first peak season (Figure 4.3). The time since sunrise and its interaction with period significantly
influenced the number of N. cinerea (p <0.001, Table A1), with increasing numbers
of N. cinerea hauled out over the course of a day during certain periods (Figure 4.3).
On Seal Island, this trend occurred during Periods 1, 6 and 7 with a slight increase
during Period 2. On Carnac Island the trend occurred during Period 7 and to a lesser
extent during Periods 2 and 8. No increase over the course of a day was observed
at either location during Periods 3, 4 and 5, which were the periods with the lowest
numbers of N. cinerea present. Additionally, no trend was observed during Periods
1 and 6 on Carnac Island (Figure 4.3). The interaction term between location and
time since sunrise did not show any significant effect on the number of N. cinerea
hauled out and was thus removed from the final model.
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Figure 4.2: Maximum number of N. cinerea observed on Carnac (◦) and Seal Islands (•) during 166 survey days between June 2012 and April 2014, including the
exceptionally high and low observations (4) on Carnac Island. Dashed lines mark
the survey periods (survey intervals 1 to 8).
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Figure 4.3: Number of N. cinerea observed during hourly counts on Carnac and
Seal Islands during survey Periods 1 to 8. Each line represent counts conducted
on a single sampling day represented in hours since sunrise. A LOESS smoother
(blue line) with 95% confidence intervals (grey) was added as visual aid. (The two
exceptionally high and low observation days on Carnac Island were excluded.)
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Air temperature and tide level had significant effects on the number of N. cinerea
hauled out on Seal and Carnac Islands (Figure 4.4 and 4.5). The numbers of N.
cinerea on the islands decreased with increasing tide level (p = 0.003, Table A1,
Figure 4.5). The pattern was more pronounced on Seal Island than on Carnac Island
(Figure 4.5). On Carnac Island, a steeper decrease in N. cinerea numbers hauled out
was only observed when the tide had reached 1.0 m above the lowest astronomical
tide (Figure 4.5). The numbers of N. cinerea increased with air temperature up to
approximately 21°C (p <0.001, Table A1) at which point they became comparatively stable. Smoothing function confidence intervals (95%) at temperatures below
15°C and above 27°C were large, thus interpretation at these temperatures is unreliable (Figure 4.4). Wind speed did not have a significant effect on numbers of N.
cinerea hauled out (p >0.1).

Figure 4.4: Smoothing function (solid line) with 95% confidence intervals (dashed
lines) fitted to air temperature (°C) estimated in the final generalised additive model
(GAM) model to show the influence of air temperature on the number of N. cinerea
hauling out. The small ticks above the x-axis represent air temperature values of the
observations.

97

Figure 4.5: Relationship between number of N. cinerea and tide level (m) observed
on Seal and Carnac Islands. A LOESS smoother (blue line) with 95% confidence
intervals (grey) was added to aid visual interpretation.

4.5.1

Peak periods

There were 308 counts conducted in the peak periods, 174 on Seal Island and 134
on Carnac Island over 21 and 23 days, respectively. More N. cinerea were observed
on Seal than on Carnac Island during this period. The maximum numbers counted
were 32 and 29 on Seal Island and 16 and 33 on Carnac Island in the first and second peaks, respectively. The maximum numbers of animals hauling out in each peak
season were counted on Days 35 and 550 on Seal and Days 3 and 556 on Carnac
Island, and were 515 (16.9 months) and 553 days (18.3 months) apart, respectively.
However, excluding the highest and most influential count, the highest count was
conducted on Day 578 (19.0 months after Day 3) with 22 individuals counted on
Carnac Island. More N. cinerea hauled out on Carnac Island in the second than in
the first peak season (Figure 4.2). There was a high variation in numbers counted on
different days in the peak seasons, more so on Seal than on Carnac Island (Figures
4.2 and 4.3).
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4.5.2

Age classes

The majority of animals on Seal and Carnac Islands consisted of sub-adults and
adults, with a maximum of 18 sub-adults and 24 adults hauled out at any one time
(Figures 4.6 and 4.7). Juveniles were present on both Seal and Carnac Islands, but
were low relative to overall numbers, not exceeding eight individuals at any time.
Juveniles did not show any visible variation in hauled out numbers throughout the
day. Sub-adults increased throughout the day during Periods 6 and 7, and slightly
increased during Period 8 on Seal Island. A similar increasing pattern was observed
during Periods 7 and 8 on Carnac Island. An increase in numbers of N. cinerea was
evident in Period 7 between 2 h and 9 h after sunrise, but numbers decreased between 10 h and 12 h after sunrise. However, the variability in these last three hours
of observations was visibly greater. Sub-adults on Carnac Island during Period 8
showed a slight decrease in numbers until 6 h after sunrise, but numbers thereafter
increased. With few N. cinerea remaining in the area during the non-peak period,
a small variation in N. cinerea numbers had a large influence in their percentages
(indicated by the large standard deviations). Thus, patterns in haul-out behaviour of
different age classes could only be detected in plots when N. cinerea numbers were
high. Adult N. cinerea came ashore throughout the day during Periods 2 and 7 on
both Seal and Carnac Islands and also during Periods 5 and 8 on Carnac Island. The
sample size in Period 6 on Seal Island was too small and variability of adult counts
too high to identify a pattern.
The ratio of adult to sub-adult N. cinerea increased at both islands during the
breeding season (i.e. the period with few individuals occurring around Perth). During the breeding season (Periods 2 to 6), the period-averaged, maximum daily percentage (± SD) of sub-adults on the islands ranged from 2% (±8 SD) to 32% (±34
SD), compared with the percentage of adult males which ranged from 47% (±23
SD) to 92% (±49 SD; Table A2 in the Appendix). When numbers of N. cinerea
in the area increased, however, the ratio of adults to sub-adults was closer to parity, with adult males ranging from 43% (±26 SD) to 47% (±24 SD) and sub-adults
ranging from 49% (±17 SD) to 52% (±20 SD) (Table A2, Figure 4.8).
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Figure 4.6: Number of sub-adult male N. cinerea observed during hourly counts on
Carnac and Seal Islands during survey Periods 1 to 8. Each line represent counts
conducted on a single sampling day represented in hours since sunrise. A LOESS
smoother (blue line) with 95% confidence intervals (grey) has been added as a visual
aid. (The two exceptionally high and low observation days on Carnac Island were
excluded.)
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Figure 4.7: Number of adult male N. cinerea observed during hourly counts on
Carnac and Seal Islands during survey Periods 1 to 8. Each line represent counts
conducted on a single sampling day represented in hours since sunrise. A LOESS
smoother (blue line) with 95% confidence intervals (grey) has been added as a visual
aid. (The two exceptionally high and low observation days on Carnac Island were
excluded.)
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Figure 4.8: Age classes of N. cinerea observed at time of maximum count on 166
days on Carnac and Seal between September 2012 and April 2014 (after the first
non-breeding season, i.e. high numbers in Perth). Top: Ratio of sub-adults to adults
on Carnac (black crosses) and Seal (diamonds) Islands. The dashed horizontal line
marks the ratio of sub-adults to adults at 1:1.Three data points are missing due to
zero sub-adults or adults present and no ratio could be calculated. Bottom: Number of N. cinerea observed in each age classes (adults: grey triangles; sub-adults:
black, solid circles; juveniles: white-filled circles; unknown: black asterisks) (bottom graph).
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4.6

DISCUSSION

Numbers of male N. cinerea hauling out in Perth metropolitan waters display aseasonal cycles in abundance, varying according to the approximately ~17.4 month
breeding cycle of the species. Sampling period, in relation to the breeding season,
was the most influential variable on numbers of N. cinerea hauled out, similar to
other sea lion species (Sepúlveda et al., 2001; Marcotte, 2006). Results here were
similar to those of Gales et al. (1992) in that overall N. cinerea numbers on Perth
metropolitan haul-out islands followed a 17 to 18 months cycle, with troughs in
Perth aligning with the peaks on breeding islands to the north (Jurien Bay).
At their peaks, numbers of hauled out N. cinerea varied between peaks and islands; with greater numbers at Seal than Carnac Island throughout all of the first
peak and part of the second. There are many possible reasons for these differences.
While a larger beach, potentially allowing more sea lions to haul out, has been suggested (Krieber and Barrette, 1984), beach area and hauled out numbers appeared
to be unrelated in this study. The beach area on Carnac Island was estimated to
be approximately three times larger than that at Seal Island. The intertidal region
where animals hauled out at Carnac Island appeared to be equally as large as that
on Seal Island. We suggest that other drivers, such as proximity to preferred foraging locations, influenced haul-out site choice. If there are shifting prey locations,
we suggest that this may be reflected by changes in haul-out site selection. There
is evidence of this behaviour in other pinnipeds, such as Steller’s sea lions Eumetopias jubatus in Alaska, suggested to depart to follow herring spawn and eulachon
runs (Marcotte, 2006), and California sea lions Zalophus californianus in California, responding to prey-abundance (Ainley et al., 1982). Since breeding, and the
following peak numbers in the Perth metropolitan area, follow a 17 to 18 months
cycle, successive peaks in the Perth area occur in different seasons. In this study,
the first peak occurred in winter, and the second in summer. A seasonal change in
targeted prey location is possible, and therefore a change in foraging location for the
same prey or a change in target prey species in different seasons could be expected
(Lowry et al., 1991; Sinclair and Zeppelin, 2002; Sigler et al., 2004; Womble et al.,
2005; Winter et al., 2009; Womble et al., 2009). Such instances could have resulted
in Carnac Island being relatively less favourable during the second peak than the
first peak. A second plausible explanation is that the numbers using the islands are
directly related to human use reflected by the differing management regulations at
the two islands. Carnac Island has direct access for recreational use on most of the
beach, and despite the presence of a sanctuary zone on a section of the beach, the
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entire beach is used for recreation. At Seal Island, recreational users are completely
and effectively restricted from landing on any part of the island, including the beach.
In the present study, the percentage of adults to sub-adults increased at both islands from close to parity to above 90%, as the abundance of N. cinerea dropped
from peak to trough in the cycle. A range of age class distributions have been observed among pinniped species at haul-out and breeding sites elsewhere. At a E. jubatus breeding island in Southeast Alaska, for example, more bulls than sub-adults
hauled out consistently across the survey period (Marcotte, 2006). In contrast, subadult Subantarctic fur seals Arctocephalus tropicalis dominate during most of the
year at a haul-out site where no breeding occurs as well as at a breeding site on the
same island during the non-breeding season (at Marion Island, close to Antarctic
Convergence; Kerley, 1983). Results that are more similar to those in this study
were observed in A. tropicalis, with a sub-adult to adult ratio of approximately five
to three at a haul-out site with occasional breeding on Amsterdam Island (6% females, Roux and Hes, 1984). In the current study, the changes in the composition
of different age classes were consistent between the two islands and appeared to
follow the timing of the breeding season. It is not known if age classes depart at different times from the breeding sites in this species; however, staggered departures
have been observed between females and pups in E. jubatus (Marcotte, 2006). We
suggest that observations here are likely a result of the following premise: as young
males grow older, they increasingly travel longer distances and stay away for longer
periods (Goldsworthy et al., 2009b).
Day-to-day haul-out numbers of N. cinerea on Seal and Carnac Islands often
fluctuated considerably, similar to South American Otaria flavescens, E. jubatus
and Hooker’s sea lions Phocarctos hookeri (Beentjes, 1989; Rosas et al., 1994;
Kucey, 2005). The positive relationship between numbers of hauled out N. cinerea
and time since sunrise each day, observed during periods of high numbers of N.
cinerea in the study area, is not uncommon. Phocarctos hookeri on the Otago
Peninsula in New Zealand were found to increasingly arrive ashore mid-morning,
with numbers reaching a plateau at mid-day before decreasing again around 18:00
h (Beentjes, 1989). Similarly, studies of other otariids, of varying sex and age class,
have also shown a pattern of increasing numbers hauling out throughout the day,
until mid-afternoon or early evening, when these numbers began to decrease (Stirling, 1968; Harestad, 1978; Ainley et al., 1982; Sepúlveda et al., 2001, 2012). On
Carnac Island, this pattern was less prominent, and only occurred significantly dur-
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ing the second non-breeding season, where there were overall greater numbers of
animals hauling out.
During a study of N. cinerea at Dangerous Reef in South Australia, animals
mostly arrived and hauled out between 05:00 and 07:00 h, and departed between
18:00 and 20:00 h to forage mainly at night (Goldsworthy et al., 2009b). The study,
however, was on lactating adult females, rather than males. While there are variations in behaviour among species, there are also variations within different populations of the same species. This has been shown to be true for E. jubatus which
displayed no evidence of a diurnal pattern in hauling out at one site (Kucey, 2005;
Marcotte, 2006); while Harestad (1978) indicated a clear diurnal pattern, dissimilar
from the Perth findings, at another. Furthermore, N. cinerea in this study represent a unique group of juvenile, sub-adult, and adult males, reflecting the unique
haul-out patterns observed. Adult male N. cinerea are known to forage further offshore, spend longer periods at sea, and have higher variations among individuals
in distances travelled than other age and sex classes (Goldsworthy et al., 2009b).
The large number of adult males at Carnac and Seal Islands likely influenced the
arrival times, as N. cinerea travelling longer distances may return later in the day.
Conversely, juvenile foraging behaviour is reportedly similar to the more restricted
ranges of adult females, compared to the more distant and longer duration foraging
by adult males (Goldsworthy et al., 2009b). The low numbers of juveniles counted
on Seal and Carnac Islands suggest that daily patterns in behaviour would be mostly
due to sub-adults and bulls using the islands.
While this study showed similarities and contrasts to findings in studies elsewhere, studies referred to here have reported haul-out timing in relation to local
time rather than relative to the time of sunrise (e.g. Stirling, 1968; Sepúlveda et al.,
2001; Carlens et al., 2006). We suggest that by reporting haul-out patterns relative
to sunrise and sunset rather than relative to GMT, studies will be more comparable and meaningful in terms of their biological significance. Circadian rhythms of
wild animals are more closely related to daily solar patterns and seasonal changes
than our clocks (Reebs, 2002; McCauley, 2012). Also, we note, that in this study,
logistical constraints limited observations before 07:00 h and after 17:00 h. It is
possible that numbers at Seal and Carnac Island decrease at dusk or later, as was
observed of N. cinerea in South Australia (Goldsworthy et al., 2009b). Phocarctos
hookeri and O. flavescens have also been reported to depart haul-out islands in the
evening, likely to forage (Beentjes, 1989; Sepúlveda et al., 2001, 2012). Alterna-
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tively, numbers present at Seal an Carnal Islands later in the day after observations
had been made could have remained constant if diurnal foraging patterns are absent,
such as reported by Costa and Gales (2003) for female N. cinerea on Kangaroo Island, South Australia. The few counts conducted in this study before 07:00 h did
not indicate a spike in numbers of N. cinerea returning ashore just after sunrise as
reported by Goldsworthy et al. (2009b).
During the breeding season, when overall numbers of N. cinerea were low, there
was no distinguishable diurnal pattern. This was likely due to either too few numbers of N. cinerea present to detect a relatively small effect, or highly variable foraging patterns (and thus arrival times) of adult males.
In this study, numbers of N. cinerea hauled out increased with increasing air
temperature up to 21°C. This association has also been observed in harbour seals
(Phoca vitulina) and Weddell seals (Leptonychotes weddellii; Watts, 1992, 1996;
Andrews-Goff et al., 2010). In winter months, the local waters around Perth can
drop to below 16°C (BOM). Immersion in water below 17°C is energetically costly
and may stop cell growth in E. jubatus (Feltz and Fay, 1966). Thus, for winter
months, temperature could be expected to be a contributing factor to haul-out patterns as it affects cell growth and recovery. Hauling out also conserves energy,
reducing heat loss by spending less time in a high temperature-conducting medium,
such as water (Riedman, 1990). When temperature on land increases, however, pinnipeds may return to water to support thermoregulation, which may explain why
there were no further increases in association beyond 21°C. However, the effects
of temperature on seals’ diurnal haul-out pattern has also been observed to vary at
different times of year in P. vitulina in Scotland and in captive harp seals Pagophilus
groenlandicus (Grellier et al., 1996; Watts, 1996; Moulton et al., 2000).
N. cinerea decreased in numbers in the present study when tidal height increased. While this pattern was similar to that reported for E. jubatus on islands off
of Alaska, tide level did not have a significant influence at other locations in Alaska
(Kastelein and Weltz, 1991; Kucey, 2005). Tidal heights have been reported to have
variable effects in different seasons in P. vitulina; (Reder et al., 2003), and other
pinnipeds, regardless of season (Thompson et al., 1989). In E. jubatus, more adult
males entered the water during low tides, despite the tide level having little to no
impact on their preferred haul-out location (Kastelein and Weltz, 1991). The variation observed in other studies is comparable to that seen in N. cinerea in the present
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study, where tide level was more influential on Seal Island than on Carnac Island.
While Seal Island was, overall, a preferred site over the larger beach of Carnac Island, the decrease in the number of N. cinerea hauling out became more prominent
when tidal heights were above 1.0 m. This increase in tide would have greater impact on available intertidal area and overall beach on Seal Island than Carnac Island
because of the wider beach on Carnac Island. Variation in tidal heights in this study
was small compared to the 4 m tidal heights that impact some P. vitulina haul-out
sites. Where higher proportions of N. cinerea haul out and tides above 4 m constrain the available size of the haul-out sites, numbers hauled out reduce (Watts,
1993). Extremely high tides, combined with strong winds, can push the water over
the whole beach on Seal Island; however, a large proportion of the beach on Seal
Island does not appear to be impacted during typical high tides, suggesting that the
association between tidal height and numbers hauled out may not be simplistic. It
is not only beach availability that is affected by lunar variation, however. Localised
movement of fish species in relation to tides and lunar phase have been documented
in the Perth metropolitan area (Wakefield, 2010), which may also be true for prey
species of N. cinerea. Some prey species may be influenced by tide and may become easier to target during low tide (Morrison et al., 2002; Ribeiro et al., 2006),
suggesting that N. cinerea might follow their food source during a time when it is
easier to catch, leaving lower numbers of N. cinerea on the haul-out islands during
lower tidal heights.
Wind speed did not have a significant effect on the numbers of N. cinerea hauling out in this study, similar to the case for P. vitulina in Scotland and Norway
(Grellier et al., 1996; Reder et al., 2003) although it has been observed to affect diurnal haul-out patterns of other pinniped species (e.g. Lake et al., 1997; Sato et al.,
2003). One sampling day on Carnac Island was removed of the analysis because
of the unusual low number (zero) of N. cinerea hauling out during the peak season.
Within three days prior to this count, a storm including time-averaged winds of up
to 54 km/h and heavy rains with up to 10.2 mm/day precipitation passed Carnac
Island and may have affected the N. cinerea haul-out pattern. Extreme environmental conditions have been shown to alter sea lion behaviour, for example in E.
jubatus during stormy weather (Kenyon and Rice, 1961) or O. flavescens after an
earthquake and tsunami (Sepúlveda et al., 2012).
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Finally, different methods of sampling can often bias count data. It is unlikely
that the different sampling methods used here would have caused significant variations in count numbers in this type of study (Balouin et al., 2014). Salgado Kent
and Crabtree (2008) have previously shown that the remotely controlled camera on
Carnac Island does not produce significantly different counts to those made by an
observer on the island. Though considered infrequent, individuals may have remained undetected during the few surveys when counts were conducted from the
vantage point at Shoalwater. On one occasion, rangers aboard a DPaW vessel, near
Seal Island, conducted a count on Seal Island at the same time as counts were conducted from the Shoalwater vantage point. The authors observed 19 of the 21 observed from the vessel. Two were hidden from view from the vantage point.
While sub-models resulting in the same significant explanatory variables provided confidence in the final model selected, none of the sub-models accounted for
absolutely all of the autocorrelation in the residuals. A smoother through numbers
of N. cinerea observed versus normalized residuals still explained approximately
7.6% of the variation remaining in the residuals. Nevertheless, despite modelling
constraints and convergence problems experienced in modelling these complex,
longitudinal data, the models provided an improvement in our current knowledge
of N. cinerea, which is needed for management and conservation.
The variability in numbers of N. cinerea hauling out at Carnac and Seal Islands
within a day can affect the accuracy of trend in relative abundance over time if
counts are undertaken at different times each day. For monitoring trends in relative
abundance, counts would be best conducted between 9 and 11 h after sunrise if this
is logistically possible. If this is not possible, a similar time of day across all survey
days (in relation to the time of sunrise) should be targeted, so that they are comparable between sites and years. Conducting surveys only during periods of comparable temperature and tidal conditions, in addition to comparable times, would be
logistically highly restrictive, resulting in a very small sample size. We have therefore suggested maintaining consistency in the most influential variable, which is the
time of day. However, temperature and tidal heights can be recorded so that relative
abundance can be adjusted using a correction factor to improve comparability over
time (Seber, 1986; Huber et al., 2001). Through the systematic collection of count
data during periods when haul-out behaviour is expected to be comparable, more
accurate trend estimations can be obtained to improve management outcomes.

108

4.7

ACKNOWLEDGEMENTS

This project was made possible with the significant support provided by the Department of Parks and Wildlife (Western Australia) who made the spotting scope
available to use, provided substantial logistical support to and from islands, as well
as local and scientific knowledge. The Department of Fisheries and Cockburn Volunteer Sea Search and Rescue also contributed transports to and from islands. The
project was also supported by Malcom Perry for maintenance of the research vessel and the Fremantle Sailing Club for access to their boat ramp. Mike Todd lent
us his telescope. Many volunteers have allocated substantial time in assistance in
the field and data entry. We are grateful to Sven Gestauer for helping with the R
coding and to Alain Zuur who gave useful advice concerning initial models. Miles
Parsons provided comments on multiple drafts of the manuscript, which significantly improved its quality. Finally, this project was supported by funding from
the Holsworth Grant, and was conducted under a Department of Parks and Wildlife
permit (number SF009371) and university animal ethics approvals (AEETH24/11
granted by Victoria University, Melbourne and AEC_2013_32 granted by Curtin
University, Perth).

109

Chapter 5
Responses of Australian sea lions, Neophoca cinerea, to
anthropogenic activities in the Perth metropolitan area,
Western Australia

Sylvia K. Osterrieder, Chandra Salgado Kent, and Randall W. Robinson
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5.1

ABSTRACT

1. Tourist-based activities, partly due to their rapid increase, have raised concerns regarding the impacts of anthropogenic activity on marine fauna. Documented effects on pinnipeds in proximity to humans include changes in behaviour, site use and potentially higher aggression levels towards people. Effects vary considerably between populations and sites, thus requiring separate
assessment of human impacts on activity and energy budgets.
2. Responses of the endangered Australian sea lion, Neophoca cinerea, to human visitation were recorded from November 2013 through April 2014. Exposure levels and response types to anthropogenic activities were assessed
at two easily accessible locations with different management schemes, Seal
(landing prohibited) and Carnac (landing permitted) Islands, Western Australia. Exposure levels were measured as both stimulus type (i.e. ‘People’,
‘Paddlers’, ‘Small’, ‘Medium’, and ‘Large vessels’, ‘Tour vessels’, and ‘Jet
skies’), and people (‘Direct’, ‘Attract’, ‘Interact’, ‘View’, ‘Incidental’, ‘Water’, ‘Low-level’) and vessel activities (‘Interact’, ‘Approach/Follow’, ‘Anchor noise’, ‘Engine noise’, ‘Close to beach’, ‘Moderate/Fast travel’, ‘Slow
travel’, ‘Transit’, ‘Drift/At anchor’, ‘Aircraft noise’).
3. Exposure levels varied significantly between the islands in numbers, stimuli type, duration and minimum approach distances. The instantaneous behaviours of ‘Lift head’, ‘Interact’ and ‘Sit’ were the most frequent responses.
‘Aggressive’ and ‘Retreat’ responses, the highest disturbance levels measured, occurred on Carnac approximately once per day, but rarely on Seal Island. ‘Aggressive’ behaviour towards ‘People’ was observed only on Carnac
Island and elicited only by ‘People’. ‘People’, ‘Tour vessels’, and scenic ‘Aircrafts’ on both islands as well as ‘Jet skis’ on Carnac Island had the highest
probability of triggering responses. Owing to their relatively high visitation at
Seal Island, ‘Paddle powered vessels’, followed by ‘Tour vessels’ elicited the
highest number of responses, compared with ‘People’, ‘Small’, and ‘Medium
vessels’ at Carnac Island. The majority of responses occurred when any stimulus type was at short-range (≤10 m), and ‘People’ ‘Viewing’ N. cinerea
elicited most. Vessels triggered more responses at larger ranges than ‘People’.

113

4. To limit close-range access to N. cinerea, one possibility is to close the beach
at Carnac Island to human visitation and increase the minimum approach distance by vessels and ‘People’ by installing marker buoys at least 15 m from
the shore.
5.2

KEYWORDS

Keywords: coastal; island; disturbance; endangered species; habitat management;
mammals; pinnipeds; anthropogenic activities
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5.3

INTRODUCTION

Conservation of animal populations requires accurate knowledge of the potential
impacts that anthropogenic activities may have on their health and survival. Impacts from anthropogenic activities are wide-ranging, and the level of severity depends upon factors including the type of activity, duration and their proximity to the
animals. Marine ecotourism such as whale and dolphin watching is increasing in
popularity and often includes direct (swimming with) and indirect (observational)
interaction. More recently, excursions to observe other fauna such as seals and sea
lions at haul-out locations, have also increased. In the Southern Hemisphere alone,
1.3 million people visit pinnipeds every year (estimated average from 1995 to 2000),
with an annual value of US $12.6 million (Kirkwood et al., 2003). Activities range
from swimming with seals and sea lions to watching them from boats, planes or
land (Boren et al., 2002; Kirkwood et al., 2003; Lovasz et al., 2008; Cowling et al.,
2014).
The Australian sea lion, Neophoca cinerea, endemic to Western and South Australia (Gales et al., 1994; Goldsworthy et al., 2008), is classified as Vulnerable by
the Environment Protection and Biodiversity Conservation (EPBC) Act 1999 and
by the two states in which it occurs (National Parks and Wildlife Act 1972, South
Australia; Wildlife Conservation Act 1950, Western Australia), and is listed as Endangered on the IUCN Red List of Threatened Species (Goldsworthy, 2015). In
Australia, N. cinerea is increasingly targeted by marine tourism. Seal Bay at Kangaroo Island in South Australia is the most popular location to watch N. cinerea in
the wild, receiving up to 110,000 visitors in any one year since the 1950s (Kirkwood et al., 2003). Haul-out islands off Port Lincoln, South Australia and Jurien
Bay, north of Perth in Western Australia (WA) also receive large numbers of visitors
(Kirkwood et al., 2003).
Pinniped tourism is very popular and economically beneficial (Kirkwood et al.,
2003). However, there is public and scientific concern that these activities may
have detrimental effects on the health of marine wildlife populations (Gerrodette
and Gilmartin, 1990). Various studies have endeavoured to document behavioural
changes, for example aggressive displays, avoidance or habituation, physiological
responses, and direct threats to the survival of animals, such as entanglement and
increased risk of boat strikes (Gerrodette and Gilmartin, 1990; Constantine, 1999;
Stevens and Boness, 2003; Newsome and Rodger, 2008; French et al., 2011). There
is evidence that animals may reduce time spent resting or hauling out, possibly af115

fecting their energy budget; or may leave pups unattended, which, while currently
untested, could potentially increase pup mortality (Kovacs and Innes, 1990; Jansen
et al., 2010). Assessing the magnitude of effects is complex as age, sex, degree of
exposure, and stage in the breeding cycle may influence responses to disturbance
and level of impact (Boren et al., 2002; Cowling et al., 2015). Furthermore, most
studies have been limited to assessing short-term (over the course of a day) and
immediate responses of individuals, rather than long-term impacts (over months
and years) on the population. This is probably a result of the challenges involved
in long-term monitoring requiring long-term funding, and the non-trivial nature of
disentangling the effects of human disturbance from changes in a complex environment.
To reduce the impact of human/pinniped interactions, various regulations and
guidelines have been initiated (e.g. spatial and temporal restrictions or limitations
in vessel speed and visitor numbers) to both maintain the health of the marine environment and to protect animals and tourists during interactions (Orams, 1999). In
Australia, several patrolled marine parks and sanctuary zones, with limited access
for visitors to view and interact with animals, have been established (Gales, 1995;
Kirkwood et al., 2003; Cassini et al., 2004; Salgado Kent and Crabtree, 2008; Young
et al., 2014). Where close approaches are allowed, there are guidelines recommending safe distances for viewing and for reducing disturbance to pinnipeds. Although
regulations and guidelines are in place for management, the scientific basis for these
management decisions in relation to N. cinerea is limited (DEC, 2007; Lovasz et al.,
2008; Salgado Kent and Crabtree, 2008; Young et al., 2014).
In metropolitan waters around Perth, for example, moving/approaching N. cinerea slowly and keeping a minimum distance of 5-10 m are recommended (DEC and
Fisheries, 2011). At this location, the largest numbers of N. cinerea haul out on Seal
and Carnac Islands, which are two of the six main local haul-out sites (Gales et al.,
1992). Owing to the close proximity of the islands to Perth (~2 million people)
and their ease of access, both islands are heavily used for tourism and recreational
activities, including viewing N. cinerea in the wild (Orsini and Newsome, 2005).
On Seal Island, located within a marine park, landing by either vessels or people is
prohibited. In comparison, the beach on Carnac Island is divided into two different
zones with only the sanctuary zone off limits to the public. While the designation
of the zone was based on the area used most often by N. cinerea in a study in 2005
(Orsini and Newsome, 2005), a follow-up study, two years later, showed that N.

116

cinerea used the beach outside the sanctuary zone just as frequently (Salgado Kent
and Crabtree, 2008). It was determined that the most effective approach for reducing disturbance on Carnac Island was to expand the sanctuary zone over the entire
beach (Salgado Kent and Crabtree, 2008).
Beyond the study at Carnac Island, the effectiveness of small sanctuaries, or nogo zones, in reducing disturbance in the Perth metropolitan area, and other areas,
is not accurately known (Gormley et al., 2012; Hartel et al., 2015). Owing to the
competing interests in use and access to the islands by conservationists, recreational
users, and commercial operators, as well as the underlying need for conservation of
the species, the effectiveness of sanctuary zone size and applied management strategies must be assessed (Salgado Kent and Crabtree, 2008). Establishing baseline data
and determining impacts of various types of use is critical for improving the design
of reserves and management outcomes (Kelleher, 1999).
This study investigates the responses of N. cinerea to anthropogenic activity at
two sites (Seal Island and Carnac Island) with different management strategies. Various activity types were documented as pinnipeds have been shown to respond differently to varying stimuli (Cassini, 2001; Boren et al., 2002; Jansen et al., 2010).
Specifically, stimulus types (i.e. vessel types and people), their activities, and N.
cinerea’s response behaviours were categorized and recorded. Distances between
the stimuli and responding N. cinerea were also recorded. Thus, the influence of
stimulus types, their activities, and distances on N. cinerea behaviour were investigated.
The specific objectives of this study were to: 1) compare the numbers of vessels
and/or people present, and to quantify their activities at Seal and Carnac Islands,
two islands with contrasting management types, to provide context to the response
of N. cinerea for wider application; 2) compare the frequency and level of disturbance to N. cinerea at the two islands, in relatively close proximity to urban areas
(0.9 and 10 km); and 3) assess the influence of anthropogenic activity types and
their proximity to the animals through measurements of the frequency and level
of N. cinerea responses. Understanding the key impacts of tourism on N. cinerea
behaviour is necessary for improved, scientific-based, long-term management, and
where necessary, recovery plans for endangered species, such as N. cinerea, on
both a local, regional and national scale. To do this requires an understanding of the
context within which the animals have been observed (Objectives 1 and 2).
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5.4
5.4.1

METHODS
Study sites

Six islands are known to be used as haul-out sites by male N. cinerea off the
Perth metropolitan coast, Western Australia (Figure 5.1). Of the six islands, the
islands included in this study - Seal Island (-32.29° S, 115.69° E) and Carnac Island
(-32.12° S, 115.66° E; Figure 5.1) - have the largest proportions of N. cinerea hauling out; more than 30 during the peak season (Osterrieder et al., 2015b). Usually
less than 10 N. cinerea haul out at the other metropolitan haul-out islands (Department of Parks and Wildlife, unpublished data).
Seal Island is a sanctuary zone where landing is not permitted, located in the
Shoalwater Islands Marine Park, ≈0.9 km from the coast and ≈45 km south of
Perth (Figure 5.1). Here, N. cinerea can be viewed on a kayaking or boat tour and
the sanctuary zone’s ‘look, but don’t take’ area offers the highest level of protection
allowing boating, snorkelling and nature appreciation activities, but prohibits fishing (DEC and Fisheries, 2011). N. cinerea predominantly haul out on the beach of
≈0.27 ha (estimated from a Google Earth, 2014 image from 1st January 2014) on
the eastern side of the island. They also haul out adjacent to the shrubs or caves at
the southern bay on occasion, but have not been seen to haul out on the other sides
of the island that comprise mostly rocky outcrops.
Carnac Island (≈10 km south-west of the Fremantle coast and ≈15 km south of
Perth; Figure 5.1) is an A class nature reserve, with part of the island designated as
a sanctuary zone. Access to most of the island is prohibited, but the southern part of
the eastern beach is available for public access during the day (CALM, 2003). The
eastern beach is ≈0.78 ha (estimated from a Google Earth, 2014 image from 1st
January 2014) and N. cinerea mainly haul out on this sandy beach. Charter and tour
vessels travel to Carnac Island, though less frequently than to Seal Island. Both,
Seal and Carnac Islands, can also be easily accessed by private recreational vessels.
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Figure 5.1: Seal Island and Carnac Island, largest N. cinerea haul-out sites in the
Perth metropolitan area, Western Australia.

5.4.2

Experimental design

Count data for Seal and Carnac Islands, either conducted by an observer located
on the islands, or remotely using a locally installed, live video camera, were collected over a period of two years, between June 2012 and April 2014 (Figure 5.2a)).
Within this period, individual responses to anthropogenic activities were recorded
over five months, from the end of November 2013 until the end of April 2014.
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Observations at Seal Island were predominantly made from a vantage point located on the island with a view of the entire beach, using either the naked eye or
binoculars (Nikon Eagleview 8-24 × 25). Transfer issues restricted travel to Seal
Island between July and August 2012 and on 9th October 2012 (Figure 5.2a) and
b)). As a result, observations during those times were made from a vantage point on
the mainland (32.2855° S, 115.7035° E), with the entire beach area in view, using
either a telescope (115 mm Tasco reflecting with either a 25 mm, 20 mm or 10 mm
eye piece 36×, 45× or 90× magnification, respectively) or a spotting scope (Televid 77 with 20× to 60× zoom).
Data for Carnac Island were predominantly collected remotely, via an at the time
of operation live, remote controlled camera (AVT284 IP Camera with remote Pan,
Tilt, and Zoom capability and 22× optical zoom) with a radio link to a local Department of Parks and Wildlife office (using a Proxim 8150 PTP microwave radio link).
The camera was located overlooking the eastern beach. Direct observations made
on Carnac Island from the same vantage point as the camera were conducted between the end of November 2013 and the end of April 2014, with the exceptions of
the 8th and 13th January 2014 (Figure 5.2a) and b)). To minimize disturbance caused
by the researchers upon arrival, the vantage points on Seal and Carnac Islands were
approached from a small bay at the back of the beach (Seal Island), or by landing
in gaps between N. cinerea (Carnac Island), always remaining as far away from N.
cinerea as possible. While on-island, observations were always conducted from a
range >20 m, movement minimized (e.g. no sudden standing up) and conversation
kept to a level thought to be inaudible at the ranges where N. cinerea had hauled out.
Remote observations were limited to counts of vessels and ‘People’ (i.e. people
in the water or on the beach, not attached to any floatation device, and herein classified as ‘People’) to ensure comparable and accurate data were collected. More
detailed behavioural data were collected only when observers were on the islands.
The telescope and spotting scope were considered to give sufficient magnification
for easy and accurate counts, and the remotely operated camera has previously been
shown to reflect counts accurately (Salgado Kent and Crabtree, 2008).

120

Figure 5.2: a) Sampling frequency with number of counts conducted per sampling
day (Carnac Island is demarcated in black, Seal Island in blue, and dashed line at
end of November 2013 indicates the start of the collection of disturbance data).
b) Sampling method used throughout the sampling period displayed in Figure 2a
(black stripes = remote, including Seal Island observations from the vantage point
in Shoalwater using the telescope or spotting scope, and Carnac Island observations
with the remote controlled, live camera). c) Maximum number of vessels (◦) and
N. cinerea (+) observed on Carnac Island (black) and Seal Island (blue) each day
during 166 survey days between June 2012 and April 2014.
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5.4.2.1

Counts of vessels, ‘People’ and N. cinerea

All vessels approaching or passing within approximately 400 m of the beach were
counted by one to three observers during island-based monitoring. In addition,
counts were made of all ‘People’ and N. cinerea within view, either on land or in the
water. Counts were generally conducted during 5 to 10 min scans, and were made
every hour primarily between 08:00 and 16:00 h, with the exceptions of inclement
weather or when technical difficulties cut some days short. N. cinerea known to
be present during the count but temporarily out of view (i.e. sighted when going
behind rocks and again when coming back into view) were also recorded.
Hourly counts conducted remotely were carried out by panning from north to
south, from one side of the beach to the other, to count vessels, ‘People’ and N.
cinerea (Salgado Kent and Crabtree, 2008). The zoom on the live camera was used
to aid counts when necessary, particularly to distinguish N. cinerea from some rocks
on the far, southern part of the beach.
5.4.2.2

Behavioural responses to human activities

An observer recorded arrival and departure times of anthropogenic stimulus types
(e.g. vessels, and ‘People’, Table 5.1), including the time ‘People’ entered or left
the water or the beach, on a dictaphone. These arrival and departure times were used
to calculate the total number of ‘People’ and vessels, except on five days when high
activity and numbers of vessels at Carnac Island (up to a maximum of 36 vessels
and 20 ‘People’ at any one time) made this unfeasible. During these periods, counts
were conducted every 5 to 15 min instead to determine totals and numbers of N.
cinerea present during each behavioural response taken from the nearest count. At
all other times on Carnac Island and at all times on Seal Island vessel numbers were
accounted for at each response. During these ‘busy’ periods, particular attention
was paid to those closest to N. cinerea and vessels involved in activities anticipated
to have greater impacts (e.g. varying the engine throttle or playing music) to capture detailed behavioural response information. Overall documented responses of
interactions anticipated to have ‘lower’ impacts were not affected. Rather, the more
detailed information was used separately - for focal behavioural response analysis.
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Table 5.1: Definition of stimulus categories.
Stimulus type
People

Description
People in the water or on the beach, not attached to a
floatation device or vessel. On Carnac ‘People’ occurred in
the water and on the beach. On Seal Island people were
restricted (legally) to the water (except for on 10 occasions
when people accessed the island illegally)
Paddle powSmall vessels ≤3 m in length with no engine (e.g. kayak,
ered/(Paddlers) paddleboard, canoe, row boat, body board)
Small vessels
Vessels up to 6 m in length (e.g. recreational/fishing vessels,
dinghies)
Medium
Vessels >6 m and ≤15 m in length with a single deck
vessels
(including government department vessels and power/speed
boats
Large vessels
Vessels >15 m in length or fitted with multiple decks (e.g.
charter boats, catamarans, party boats, commercial dive
vessels, and sailing boats)
Tour vessels
Vessels visiting the islands with the aim of observing N.
cinerea (these were usually medium sized vessels on Seal and
large vessels on Carnac Island)
Jet ski
Jet propelled personnel water craft
Aircraft
Planes (usually scenic and military) and helicopters
*only encountered once and therefore excluded from analysis and figures

‘People’s and vessels’ activities (Tables 5.2 and 5.3), including the times the
activities were undertaken, were also recorded. Groups of ‘People’ were defined
as one or more closely-spaced humans displaying similar or associated behaviour.
Groups of vessels (such as several kayaks travelling in close proximity) were considered in the same way.
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Table 5.2: List of categories of activities associated with vessels ordered from highest to lowest anticipated impact.
Activity
Classification
Interact

Approach/Follow
N. cinerea
Anchor noise

Engine noise

Close to Beach

Moderate/Fast
Travel
Slow travel
Transit

Drift/At anchor

Aircraft noise

Description
Vessels interacting with N. cinerea, including: animals
following a vessel, swimming or porpoising around a
vessel
Vessels which are seeking to interact with N. cinerea by
approaching for a better view, driving in circles around N.
cinerea or following/chasing N. cinerea
Setting or retrieving the anchor with associated rattling
noise of the anchor chain and splashing when dropping the
anchor
Activities producing higher level of engine noise than
when travelling, including revving engine, reversing,
travelling with particularly noisy engines
Activities within the vicinity of the beach, including
approaching, staying close to or leaving the beach, and
landing on the beach
Travelling at moderate to fast speeds (including rapid
circles)
Travelling at a slow speeds (such as paddling)
Approaching, passing, leaving or returning to the vicinity
of the island, including paddle powered vessels placed in
the water from a vessel anchored off Carnac Island
Activities with no or low movement and/or noise levels
associated with them, including drifting, vessels anchored,
or no activity
Planes or helicopters flying overhead
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Table 5.3: List of categories used for recording anthropogenic activities in the order of the highest to lowest anticipated impact levels (if different activities were
performed at the same time, the highest activity was recorded). Abbreviated activity names used in text and figures are marked in bold.
Activity
Direct /
Invasive
Interaction

Deliberately
Attracting
Attention

Mutual
Interaction

Viewing

Incidental
Activities

Water-related
Activities

Low-level
Recreational
Activities

Description
Invasive activities in direct contact or attempting direct
contact with N. cinerea, including touching N. cinerea
directly or with a tool (e.g. stick), feeding N. cinerea
(including throwing fish towards N. cinerea), throwing objects
towards N. cinerea, and splashing water at N. cinerea
Activities seeking N. cinerea’s attention and provoking
responses, without N. cinerea’s engagement, including
splashing water (to attract N. cinerea, but not splashing
directly at them), imitating N. cinerea noises (barking),
clapping, honking, and banging vessel, hitting paddles on the
water’s surface, following N. cinerea (usually swimming),
circling N. cinerea (e.g. standing/crowding around N. cinerea
in a circle), yelling, screaming, whistling, loud talking,
laughing, loud speaker systems on vessels, playing music,
barking dog, jumping into the water
Interacting, people and N. cinerea engaged with each other,
i.e. people playing with N. cinerea (in the water), such as
mimicking N. cinerea behaviour and achieving a similar
response from the N. cinerea
Activities involved in viewing N. cinerea such as standing and
observing N. cinerea, taking photos, being in close proximity
to N. cinerea, approaching, passing or leaving N. cinerea,
retreating from aggressive N. cinerea
Activities not aimed to provoke N. cinerea responses,
typically occurring on the beach or in shallow (knee-deep)
water, including playing on the beach, dragging a boat onto
the beach or into the water, picnicking, talking at a
conversation level (including humans on a vessel), walking on
the beach, in the wash zone or in shallow water (but not
passing N. cinerea)
Activities undertaken in the water (more than knee-deep)
including swimming, snorkelling, diving, playing in water
(but not interacting with N. cinerea), entering and leaving
water from the boat, fishing
Activities, not fitting in previous categories and only when of
low level noise, and without rapid movements such as ‘quiet’,
i.e. barely audible talking humans not moving or moving little
on the boat or beach
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Vessel categories included ‘Paddle powered’, ‘Small’, ‘Medium’, ‘Large’ and
‘Tour vessels’ as well as ‘Jet skis’, and ‘Aircrafts’ (Table 5.1). Vessel activities included 10 categories ranging from activities anticipated to have a low impact, such
as ‘Drifting’ and ‘At anchor’, to those anticipated to have a high impact such as
‘Interactions with N. cinerea’ (Table 5.2). Activities undertaken by ‘People’ fell
into one of seven categories ranging from ‘Low-level’ recreational activities to ‘Direct’, invasive interactions (Table 5.3). N. cinerea’s behavioural responses to the
activities were classed as ‘Aggressive’, ‘Retreat’, ‘Enter water’, ‘Interact’, ‘Travel’,
‘Sit’, ‘Lift head’, ‘Move head’, ‘Look’, and ‘No response’ (Table 5.4). If multiple
activities occurred at the same time (e.g. standing close to and watching N. cinerea ‘Viewing’ activity) and clapping hands or screaming (‘Attract’ activity), the activity
with the highest anticipated impact was recorded (‘Attract’ in this example; Table
5.3). Similarly, if a N. cinerea responded with multiple behavioural responses (e.g.
‘Moving its head’ to look towards the stimulus and ‘Sitting’ up at the same time)
the highest response level was recorded (‘Sit’ in this case; Table 5.4). Ethograms
were compiled based on proven techniques from previous studies (Beentjes, 1989;
Cassini et al., 2004; Salgado Kent and Crabtree, 2008; Bowles and Anderson, 2012),
and adjusted to capture those relevant to this study. For each interaction, numbers
of N. cinerea responding, frequency of responses and N. cinerea’s behavioural response types were recorded. N. cinerea do not have readily identifiable patterns and
do not often have scars which aid discrimination among individuals. Therefore, on
some rare occasions, during periods when greater numbers were hauling out and
multiple individuals responded to the different stimuli, it was not always possible to
assign responses to particular individuals.
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Table 5.4: Definitions of response types of N. cinerea responses to vessel and
human activities, in order from highest to lowest level anticipated responses (if
different responses occurred in combination with each other, the most severe was
recorded).
N. cinerea
response
Aggression
Retreat
Enter water
Interact

Sit
Travel
Lift head
Move head

Look

Description
Aggressive behaviour displayed towards a stimulus (e.g. gaping
or lunging at ‘People’)
N. cinerea walking or swimming away from vessels or ‘People’
to deliberately increase the distance between vessel/’People’
N. cinerea entering water, including running into water
Socializing with vessels or ‘People’, includes behaviours such as
porpoising, spy hopping, following and swimming in circles
around vessels or ‘People’
N. cinerea sitting upright, including when near or facing a
stimulus
N. cinerea swimming or walking in a specific direction (e.g.
swimming or walking past ‘People’)
N. cinerea lifting its head off the sand, such as when looking at a
stimulus
N. cinerea moving its head by turning its head and looking
around when sitting up or after lifting its head, such as when
looking at vessels or ‘People’
Opening or moving eyes to look at a stimulus (i.e. vessels or
‘People’)

Whenever possible, distances and angles from the observer to the stimuli (vessel
or ‘People’), from the observer to the N. cinerea closest to the stimulus, and from
the observer to any N. cinerea responding to anthropogenic activities (regardless of
the distance) were measured using laser rangefinder and compass (TruPulse 360 R
with accuracies of ±0.5 m in distance to high quality targets such as N. cinerea and
stimuli types, and ±1deg azimuth). The distance between the stimulus and the nearest N. cinerea (unless another N. cinerea was responding to the stimulus which was
then measured) was calculated using basic trigonometry. Distances were not measured on 18th January 2014 at Carnac Island, on 28th December 2013 and 3rd April
2014 at Seal Island, nor after 10:05 h on 8th March 2014 on Seal Island because of
the unavailability of the rangefinder or the lack of functioning replacement batteries. N. cinerea in the water did not typically present a sufficiently reflective target
for the rangefinder and could not be measured. When appropriate, distance from
the closest vessel or ‘People’ to the closest N. cinerea was estimated in N. cinerea
body lengths (≈2 m) and was used for estimating distances up to 10 m. ‘People’
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within arm’s reach of a N. cinerea were recorded as at 1 m and those touching a
N. cinerea, as 0 m. Distances were measured when N. cinerea responded to groups
of vessels or ‘People’ (in the water or on beaches) and when groups were seen to
approach N. cinerea.
5.4.3

Analytical approach

Overall numbers of each vessel type and ‘People’, and numbers of N. cinerea were
based on data collected over the entire study period. However, for comparing responses of N. cinerea with anthropogenic disturbance at Carnac and Seal Islands, a
subset of data was used from the same period at both islands (from 20th November
2013 to 27th April 2014), to ensure observations had comparable seasonal conditions. Observation effort at the two islands differed by 8 h (equivalent to approximately one survey day of 20), thus effort was accounted for by normalizing the
frequency of activities and responses at each of the islands to an hourly rate. ‘Aircrafts’ were considered in analyses of the total numbers of groups of stimulus types
visiting and in the total number of responses elicited by anthropogenic activities.
However, owing to their relatively low overall numbers and different types of behaviours, they were excluded from all other analysis. All analyses and figures were
produced using R version 3.2.0 (R2014) run through RStudio Version 0.98.1103 © 2009-2014 RStudio, Inc.
5.4.3.1

Number of vessels and ‘People’

The number and composition of different stimulus types at Carnac and Seal Islands
were compared using Pearson’s Chi2 tests with Yates’ continuity correction (Yates,
1934). While sampling effort was approximately 6% greater on Seal Island than
on Carnac Island, Chi2 tests are robust with unequal sample sizes (McHugh, 2013).
Furthermore, the difference in sampling effort between the islands was small.
The duration of visits and minimum approach distances of stimulus types at
Carnac and Seal Islands were compared using Kruskal-Wallis tests (Kruskal and
Wallis, 1952). Comparisons of duration and minimum approach distances between
Carnac Island and Seal Island for the different vessel types and ‘People’ were also
analysed using Kruskal-Wallis tests. Kruskal-Wallis tests were used due to the nonnormal distribution of the data.
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For all analyses on numbers of each stimulus type, duration of their visits, and
their minimum approach distances, multiple tests were conducted using the entire
dataset and several subsets of the data. Therefore, the family-wise error rate (the
probability of rejecting at least one null hypothesis erroneously) could be expected
to increase since the tests are no longer independent. A sequential Bonferroni correction on the p-values considered as significant was therefore applied (Rice, 1989).
Eight Chi2 tests were performed on the exposure of N. cinerea to the number of
stimuli and were considered significant when p <0.006. Duration and minimum approach distance of different vessel types and ‘People’ were considered significant
when p <0.006 and p <0.005 to account for the eight and nine Chi2 tests conducted,
respectively.
5.4.3.2

Behavioural responses to anthropogenic activities

On occasion, individual N. cinerea responded several times to a single stimulus,
sometimes in quick succession, such as ‘Lifting their head’ to ‘Look’ at the stimulus and then ‘Sitting up’ within a few seconds or minutes. If the same individual (N.
cinerea A, for example) responded to the same stimulus within a 5 min period only
one response, the behaviour considered to represent the greatest response, was used
in analyses. If, however, N. cinerea A responded to a different stimulus at a different
location, or a different individual (N. cinerea B) responded to the same stimulus as
N. cinerea A, these were counted as separate responses. Once the 5 min period was
completed, a response to the original stimulus by N. cinerea A was counted as a new
response. During a subsample of 310 responses, the number of repeat responses (i.e.
responses to the same stimulus by the same individual) occurring more than 5 min
after the initial responses and prior to the stimulus departing the area occurred <3%
of the time. Ongoing ‘Interactions’ between humans and N. cinerea can feasibly
extend over 5 min (for example a N. cinerea may follow a vessel or play with a
person for a prolonged period). Continued ‘Interactions’ of this sort (also exceeding 5 min) with one stimulus group were analysed as a single ‘Interaction’ response.
The number of N. cinerea responses to each stimulus type were compared among
each other and between islands. In addition, a comparison of number of responses
for each behaviour type was made among the stimulus types and the two islands.
Either the Chi2 test, or in cases with small sample sizes Fisher’s exact test (Fisher,
1922; Yates, 1934), were used. A sequential Bonferroni correction was carried out
and p-values of p <0.005, p <0.005, p <0.008 and p <0.007 were considered as
significant for analyses of the number of responses for each behavioural type level
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to: groups of vessels vs. groups of ‘People’ regardless of the location, a stimulus
regardless of the type (vessels and ‘People’ combined) at Carnac Island vs. Seal
Island, groups of ‘People’ at Carnac Island vs. Seal Island, and groups of vessels
at Carnac Island vs. Seal Island, respectively (Rice, 1989). To assess whether the
percentage of N. cinerea responding (of those hauled out at any one time) was related to the number of vessels and ‘People’ visiting the island at that time, a linear
regression was applied to the data and the corresponding R2 value was calculated.
To investigate the influence of stimulus activities (regardless of whether they
were on a vessel, swimming, or on land), N. cinerea behavioural responses to each
activity level were calculated per hour of sampling effort and plotted. Response
behaviours per hour of sampling effort were also calculated for each stimulus type
and plots were used for comparisons.
5.4.3.3

Response distances

The relationship between stimulus range and frequency of occurrence of a response
was investigated through histograms. To ensure all possible errors were accounted
for across all ranges between stimulus and N. cinerea (maximum error ranges over
all measured distances averaged 1.77 m (±0.96 SD) due to triangulation error), and
for ease of viewing, the distances were analysed in 5 m bins. This was also plotted
for the stimulus groups and activity types.
5.5
5.5.1

RESULTS
Numbers of vessels, ‘People’ and N. cinerea

Vessels, ‘People’ in the water or on the beach, and N. cinerea were observed on
127, 57 and 163 days, respectively, during a total of 166 survey days (Figure 5.2).
On Seal Island, 619 hourly counts were made during 78 days, and on Carnac Island
709 hourly counts were conducted on 88 days.
Between 20th November 2013 and 27th April 2014, when behavioural responses
to anthropogenic activities were recorded from observation points on the islands,
134 h of observations were conducted over 19 days on Carnac Island and 142 h
during 20 days on Seal Island. Eight of the days spent on each island were weekend days or public holidays. Over the six-month period, a maximum of 35 and 21
vessels and a maximum of 19 and six ‘People’ were recorded at any one time on
Carnac and Seal Islands, respectively (Figure 5.2). During this period, 402 and 521
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groups of vessels and 164 and 38 groups of ‘People’ were observed on Carnac and
Seal Islands, respectively. Owing to the high number of vessels visiting during five
days at Carnac Island, several vessels were unaccounted for and the total number
of groups of vessels on Carnac Island is therefore probably an underestimate by an
order of tens of vessels (cf. Orsini, 2004).
Significantly more vessels visited the islands than ‘People’ (p <0.0001, Table
5.5), and both varied significantly. The total number of groups of vessels was
greater on Seal Island than on Carnac Island; however, the number of groups of
vessels on Carnac Island was underestimated on five days. The composition of vessel types during these days was similar to the overall composition of vessel types
on the remaining days. It is likely that the sample accurately represents the data,
hence, the total number of vessels is reported with the inclusion of the five days. The
exposure of N. cinerea to different vessel types differed between Seal and Carnac
Islands (Table 5.5, Figure 5.3). While ‘Small vessels’, ‘Paddle powered’, and ‘Tour
vessels’ visited Seal Island most frequently, Carnac Island was mostly visited by
‘Medium’ and ‘Large vessels’ (p <0.0001 for each vessel type except for ‘Large
vessels’, Table 5.5, Figure 5.3). ‘Large vessels’ were only observed on Seal Island
on one occasion. Carnac Island was visited by more than four times as many groups
of ‘People’ as Seal Island (p <0.0001, Table 5.5).
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Table 5.5: Results of Chi² and Kruskal-Wallis tests comparing the number of groups of vessels of different types and ‘People’ visiting, the
duration of visits, and the minimum approach distances to N. cinerea at Carnac and Seal Islands. Numbers in bold represent significant
values, type of test added as + Chi² test or * Kruskal-Wallis rank sum test, and X 2 or KW-X 2 , respectively, in brackets following the p-value.
(Sample size for ‘Large vessels’ were too small for calculations and not included.)
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Overall
People
Paddle powered
Jet ski
Small vessel
Medium vessel
Tour vessel
Carnac only, stimuli
overall
Seal only, stimuli overall
Bonferroni corrected
p-value for significance
+

Chi² test
*Kruskal-Wallis rank sum test

P-value:
Number stimuli
Carnac vs. Seal

P-value:
Duration stimuli
Carnac vs. Seal

<2.2x10-16 (91.895)+
<2.2x10-16 (78.594)+
<2.2x10-16 (147.63)+
0.00343 (8.565)+
<2.2x10-16 (105.98)+
5.971x10-16 (65.447)+
<2.2x10-16 (94.308)+
NA

3.608x10-7 (25.893)*
0.4378 (0.602)*
0.6561 (0.198)*
0.9746 (0.00101)*
0.000933 (10.956)*
0.0319 (4.606)*
NA
0.000203 (26.219)*

P-value:
Min approach distance
stimuli
Carnac vs. Seal
<2.2x10-16 (179.29)*
0.687 (0.162)*
0.310 (1.034)*
0.371 (0.801)*
3.065x10-6 (21.775)*
0.434 (0.609)*
<0.005 (7.881)*
<2.2x10-16 (17.349)*

NA
0.006

0.0487 (11.141)*
0.006

9.111x10-10 (50.89)*
0.005

Figure 5.3: Percentage of groups of vessels observed visiting Carnac Island and
Seal Island. Percentages are of the total at each island rather than the total combined
at both islands. Values on top of each bar display the number of times each vessel
type was observed (with Carnac Island having 134 h, and Seal Island 142 h of
sampling effort between November 2013 and end April 2014).

The duration of time stimulus source spent in proximity to N. cinerea varied
significantly among stimulus types at Carnac Island (p = 0.0002, Table 5.5, Figure
5.4), but not at Seal Island (p = 0.05) spending on average 0.56 h (±0.79 SD) at
Carnac Island and 0.23 h (±0.30 SD; p <0.0001) at Seal Island. At Carnac Island,
the variation among vessel types was greater with ‘Jet skis’ staying the shortest periods (on average 6 min), and ‘Tour vessels’ and ‘Large vessels’ staying up to several
hours at Carnac Island; longer than any vessel type at Seal Island. The sample size,
however, was too small to test for differences (Figure 5.4).
Minimum approach distances varied significantly among vessel types and ‘People’ on each island (p <0.0001, Table 5.5, Figure 5.4) as well as between Seal and
Carnac Islands (p <0.0001). The average distance to which groups of vessels approached N. cinerea was 57.5 m (±64.1 SD) and 34.4 m (±33.5 SD) on Carnac
Island and Seal Island, respectively. ‘People’ approached N. cinerea more closely
than any other stimuli type at both islands, on average 10.8 m at Carnac Island and
15.7 m at Seal Island.
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5.5.2

Number of responses

In total, 1348 responses were recorded. Of those, 1300 responses were associated
with vessels and ‘People’, and 48 with ‘Aircrafts’. Of the responses to ‘Aircrafts’,
nine occurred on Carnac Island and 39 on Seal Island (Figure 5.3). ‘Aircrafts’ were
not included in statistical analysis owing to their combination of relatively small
sample size, lack of determined range, and non-distinct noise source direction. Of
the responses to vessels, 250 occurred at Carnac Island and 568 on Seal Island. The
total numbers of responses to ‘People’ were 373 on Carnac Island and 109 on Seal
Island, significantly more than to vessels in relation to the total number of stimuli
(p <0.0001, Table 5.6, Figure A1).
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Figure 5.4: a) Duration (h) and b) minimum approach distance (m) of ‘People’
and vessels staying in the vicinity of Carnac Island and Seal Island. Values next to
each bar display sample size of recorded approach and departure times for groups
of vessels and ‘People’ observed (with Carnac Island having 134 h and Seal Island
having 142 h sampling effort between November 2013 and end April 2014). * =
significant differences between the islands.
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Table 5.6: Results of Chi² and Fisher’s exact tests comparing the number of N. cinerea responses elicited by groups of vessels and ‘People’
at Carnac and Seal Islands. Numbers in bold represent significant values.
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Overall
Retreat
Enter water
Interact
Travel
Sit
Lift head
Move head
Look
Bonferroni corrected
P-value for significance
+

P-value:
Number responses
vessels vs. ‘People’

P-value:
Number responses
Carnac vs. Seal

<2.2x10-16 (74.755)+
3.516x10-8 (0.0696)*
3.01x10-11 (44.17)+
2.511x10-14 (58.085)+
2.372x10-3 (0.274)*
6.926x10-8 (29.085)+
3.78x10-3 (8.386)+
1.314x10-3 (14.622)+
3.257x10-3 (0.240)*
0.005

0.317 (0.999)+
4.234x10-3 (8.181)+
0.353 (0.862)+
0.994 (5.106x10-5 )+
1 (2.672x10-28 )+
0.625 (0.239)+
0.983 (4.524x10-4 )+
0.63 (0.232)+
0.714 (0.135)+
0.005

Chi² test
*Kruskal-Wallis rank sum test
NA: sample size too small for calculation

P-value:
Number responses to
‘People’
Carnac vs. Seal
0.491 (0.474)+
NA
1.225x10-4 (0.1589)*
0.581 (0.305)+
0.439 (0.604)*
0.818 (0.0530)+
0.61 (0.260)+
NA
NA
0.008

P-value:
Number responses to
vessels
Carnac vs. Seal
2.116x10-5 (13.725)+
NA
0.561 (0.337)+
0.0305 (4.68)+
0.718 (0.131)+
3.451x10-3 (8.552)+
0.274 (1.199)+
0.273 (1.201)+
NA
0.007

Overall, 40% and 39% of all groups of vessels on Carnac Island and Seal Island, respectively, elicited one or more responses from one or more N. cinerea (Figure 5.5). ‘Aircrafts’ flying over or past the islands, triggered responses in 67% and
81% of their passes from one or more N. cinerea at Carnac Island and Seal Island, respectively. N. cinerea responded to 66% and 74% of all groups of ‘People’
at Carnac Island and Seal Island, respectively. The percentage of different vessel
types that triggered responses in one or more N. cinerea varied little between the
islands apart from ‘Jet skis’ and ‘Large vessels’. A linear regression was applied
to assess whether the percentage of N. cinerea responding (of those hauled out at
any one time) was related to the number of vessels and ‘People’ visiting the island
at the time, but did not reveal a linear relationship (Seal Island: adjusted R2 ‘People’
= 0.01, adjusted R2 vessels = 0.0007; Carnac Island: adjusted R2 ‘People’ = 0.006, adjusted R2 vessels = 0.001). Additionally, here was also no obvious non-linear pattern
associated with the total number of vessels or ‘People’ at either island.

Figure 5.5: Percentage of groups for the different stimulus types (different vessels
and ‘People’) that elicited one or more responses from one or more N. cinerea (with
Carnac Island having 134 h and Seal Island having 142 h observation effort between
November 2013 and end April 2014). Values on top of each bar display the sample
size of groups of vessels or ‘People’.
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5.5.3

Response distances

Out of the total 1300 responses (623 and 677 on Carnac Island and Seal Island,
respectively, excluding aircrafts), the distance between a stimulus and a responding
N. cinerea was measured for 482 responses; 280 on Carnac Island and 202 on Seal
Island. For the remaining 973 responses, a number of factors inhibited measuring
the response distance; including lack of available range finder on survey, multiple
N. cinerea responding either simultaneously or in short succession, multiple active
stimuli, or a fast-moving stimulus. Responses were triggered between 0 and 345
m, with a mean of 29.6 m (±39.18 SD). The majority of responses of N. cinerea
elicited by vessels or ‘People’ were observed from the shortest ranges (≤10 m) to
N. cinerea, and decreased with increasing distance, most prominently at Carnac Island (Figure 5.6). The number of responses measured between 0 and 5 m at Carnac
Island was double that at Seal Island, and N. cinerea appeared to respond to vessels
and ‘People’ at greater distances at Carnac Island (Figure 6). Responses triggered
from medium ranges (15-50 m), were predominantly due to ‘Tour vessels’ and to
a lesser extent to ‘Paddle powered vessels’ at Seal Island, and ‘Small vessels’ at
Carnac Island (Figure 5.7).
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Figure 5.6: Number of N. cinerea responses occurring at 5 m binned distances at
Carnac Island (n = 280) and Seal Island (n = 202), displayed on log 10 transformed
axis. Loess smoothers for Carnac Island (black) and Seal Island (gray) with 95%
confidence intervals were added to aid visual interpretation.

All activities carried out by ‘People’ (regardless of whether on board, in the water or on the beach) potentially induced a response within 10 m, and the probability
of a response increased within 5 m range (Figure 5.8). Overall, the shortest ranges
causing the highest number of responses were from ‘Viewing’ (11.9 m ± 11.27 SD)
and ‘Low-level’ activities (41.4 m ± 43.61 SD), followed by ‘Interacting’ (5.73 m
± 1.77 SD). The number of responses decreased with increasing distances for most
activities (Figure 5.8). Distance had less effect than activity when humans were involved in ‘Attracting’ greater numbers of response occurrences at longer distances.
Although the frequency of responses to ‘Low-level’ activities decreased with increasing distance, many responses were still triggered beyond 30 m.
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Figure 5.7: Number of N. cinerea responses elicited by groups of ‘People’ and vessels at Carnac Island and Seal Island, in 5 m bins and
truncated at 100 m.
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Figure 5.8: Frequency of a variety of N. cinerea responses elicited by ‘People’s’ activities on board, in the water and on the beach at Carnac
Island and Seal Island, in 5 min bins and truncated at 100 m.

5.5.4

Response behaviours

‘Lift head’, ‘Interaction’ and ‘Sit’ were the most frequent behavioural responses
triggered by both vessels and ‘People’ (Figure 5.9). Most behavioural responses
were more likely caused by ‘People’ than vessels on a per visit basis (p <0.005 for
each response level; Table 5.6, Figure 5.9). The number of responses provoked by
‘People’ did not vary significantly between Carnac and Seal Islands (p = 0.5, Table
5.6). ‘Aggressive’ behaviours, however, occurred only at Carnac Island, in response
to ‘People’. ‘Retreat’ behaviours occurred mainly at Carnac Island, also mostly in
response to ‘People’ (p = 0.004 Carnac/Seal for ‘Retreat’ behaviour; Figure 5.9).
At Carnac Island, ‘Viewing’ elicited the most responses, however, on Seal Island
‘People’ involved in ‘Interact’, ‘Attract’, ‘Viewing’ or ‘Water’ activities all elicited
responses (Figure 5.10). ‘Lift head’ accounted for half of the total number of responses at Seal Island provoked by vessels and was triggered at a rate of about one
per hour at Carnac Island and over two per hour at Seal Island (Figure 5.9). The relationships between the different types of response to each stimulus group are shown
in Table 5.6 and displayed in Figures 5.10 and 5.11. ‘Small’ and ‘Medium vessels’
elicited most responses at Carnac Island. Of the vessel activities and anthropogenic
activities on vessels at Carnac Island, ‘Anchor’ and ‘Engine’ noises elicited most
responses in N. cinerea (Figure A2). At Seal Island, most vessel related responses
were triggered by ‘Low-level’ activities (Figure A2).
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Figure 5.9: Number of N. cinerea responses per hour of sampling elicited by a)
‘People’ and b) vessels at Carnac Island and Seal Island (excluding ‘Aircrafts’).
Numbers above each bar indicate the total number for each behaviour observed
(Carnac: 134 h, Seal: 142 h sampling effort between November 2013 and end April
2014).

143

144
Figure 5.10: Number of N. cinerea responses elicited per hour as a result of groups of ‘People’ undertaking different activities at Carnac
Island and Seal Island (Carnac: 134 h, Seal: 142 h sampling effort between November 2013 and end April 2014).
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Figure 5.11: Number of N. cinerea responses per hour of sampling elicited by different vessel types at Carnac Island and Seal Island
(excluding ‘Aircrafts’; Carnac: 134 h, Seal: 142 h sampling effort between November 2013 and end April 2014).

5.6

DISCUSSION

N. cinerea frequently respond to anthropogenic activities and the response type and
frequency can be dependent on the stimulus itself, its range and the activity. In this
study, anthropogenic stimulus and activity types varied at two differently managed
islands. While response levels were, in general, similar at both locations, the most
severe behavioural response levels, ‘Aggressive’ and ‘Retreat’, occurred mostly at
Carnac Island, predominantly elicited from approaches by ‘People’ and probably
because of their proximity (≤10 m) to N. cinerea. The majority of responses were
generated from stimuli that achieved the closest range and decreased with increasing range. Responses elicited at greater ranges were more likely to occur when
stimuli were undertaking activities associated with elevated noise levels or actions
directed at attracting N. cinerea’s attention.
Distance has been identified in many studies as the main factor in altering pinniped behaviour, eliciting stronger responses when disturbance occurred within
closer ranges (Cassini, 2001; Boren et al., 2002; Labrada-Martagón et al., 2005;
Szaniszlo, 2005; Shaughnessy et al., 2008; Strong and Morris, 2010; Pavez et al.,
2014; Young et al., 2014). Here, ‘Viewing’ activities were associated with low levels of noise, as any discernible sound (e.g. screaming, banging objects or splashing
water) reclassed the activity to a higher level. ‘Viewing’ elicited one of the highest rates of response (apart from ‘Low-level’ activities) and were mostly conducted
at relatively short ranges where animals could perceive them without auditory cue
(Schusterman and Balliet, 1971; Schusterman, 1972). In phocids, such close range
approaches of various stimulus types caused Saimaa ringed seals (Phoca hispida
saimensis) (Niemi et al., 2013) and harbour seals (Phoca vitulina) at various locations to exhibit avoidance behaviour and enter the water ((Allen et al., 1984; Suryan
and Harvey, 1999; Henry and Hammill, 2001; Jansen et al., 2010; Anderson et al.,
2012; Osinga et al., 2012). In this study, more than 40% of all responses elicited
by ‘People’ were attributed to ‘Viewing’ activities with most of these approaches
being classified as breaches of the required 5 m minimum distance. These findings
are consistent with a study of N. cinerea at Seal Bay, South Australia, which exhibited elevated response rates, including aggressive and avoidance behaviours, when
approached within 10 m and even more so when approached within 5 m (Lovasz
et al., 2008).
While distance has a significant effect on responses elicited, human behaviour
also has been noted to significantly contribute to disturbance of otariids (South
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American fur seal, Arctocephalus australis; Cassini, 2001; Labrada-Martagón et al.,
2005; Pavez et al., 2014), and phocids. Vessel activities that involve higher in-air
noise levels have been shown to have similar effects to direct, i.e. interactive human disturbance. N. cinerea in this study ‘Lifted their heads’ to ‘Engine’ and ‘Anchor’ noise, similar to Australian fur seals (Arctocephalus pusillus) that exhibited
increased response rates at higher noise levels of vessels (Tripovich et al., 2012).
It should be noted that the presence of noise in this study was based on its perceived presence by researchers located within proximity of the animals, and was
not based on measurements of in-air noise levels. However, otariid’s hearing sensitivity includes the frequency band in which much of the energy from an engine,
human speech, and anchor noise occurs (Gramming et al., 1988; Richardson et al.,
1995; Badinoa et al., 2012; Muslow et al., 2014). During visits to Seal Island, the
‘Tour vessel’s’ amplified guides were regularly audible to the researchers on the
island, and probably the cause of frequent N. cinerea responses. This probably also
contributes to the peak of responses occurring at 25-30 m at Seal Island, reflecting
the most common shortest range to which the ‘Tour vessel’ approached. Similarly,
anthropogenic activity in association with noise was identified as likely to cause disturbance in harbour seals, during a nonbreeding season in Iceland (Granquist and
Sigurjonsdottir, 2014). Elevated noise levels of passing ‘Aircrafts’, such as scenic
flights resulted in responses in N. cinerea, similar to responses of Steller sea lions
(Eumetopias jubatus) and P. vitulina to low-flying aircraft (Osborn, 1985; Henry
and Hammill, 2001; Kucey, 2005; Szaniszlo, 2005).
‘Aggressive’ gaping and launching behaviours in N. cinerea towards ‘People’
were primarily evoked by close proximity ‘Viewing’ and occasionally ‘Direct’ invasive activities. Proximity of ‘People’ to N. cinerea occurred mainly at Carnac
Island owing to easy (and non-restricted) beach access at a limited number of specific points, and was probably the main trigger of ‘Aggressive’ behaviours and
higher numbers of ‘Retreat’ responses here compared with Seal Island. Approaches
from land are potentially perceived as a more immediate and greater threat than
approaches by vessels, and the resulting behaviours have been observed in other
pinnipeds (Stirling, 1972; Boren et al., 2002; Osinga et al., 2012).
While stimulus type had a significant influence on the level of N. cinerea responses, stimulus types varied in exposure level, minimum approach distance and
duration between the two islands. Although not directly studied here, draft associated with vessel type may limit a vessel’s approach range to a beach, and thus the
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distance at which different vessel types may trigger responses from hauled out N.
cinerea; simply put, larger vessels did not approach as closely as smaller vessels
at either island. Furthermore, the relative proximity of the island to the mainland
coast also affected the type of vessel that visited the islands. The close proximity of
Seal Island to shore and its location within the sheltered waters of Shoalwater Bay,
allowed ‘Paddlers’ to access the island easily and ‘Tour vessels’ to offer multiple
trips per day to view N. cinerea. Thus, the high number of ‘Paddle powered’ vessels
able to approach the island to within a few metres may explain the high number of
responses at Seal Island. In addition, ‘Paddlers’ elicited responses mostly during
‘Low’-level activities, i.e. mostly by their presence alone, indicating range, rather
than activity per se, was the driving factor. Such ‘surprise’ appearances (i.e. no
engine noise) at close range and higher mobility have been thought to have similar
impacts on pinnipeds elsewhere (Allen et al., 1984; Osborn, 1985; Suryan and Harvey, 1999; Henry and Hammill, 2001). In comparison, there were fewer responses
to other vessel types, particularly large vessels associated with large drafts, which
on average were at greater distances from N. cinerea.
Carnac Island’s longer distance from shore is probably the reason for the greater
number of large vessels visiting compared with Seal Island. Moreover, the draft associated with larger vessels meant that they remained further from the beach than
smaller vessels. Furthermore, Carnac Island has a relatively large area of sandy
beach with non-restricted access by people during the day, resulting in greater numbers of people on the beach than ‘no access’ Seal Island. In general, ‘People’ approached N. cinerea more closely than ‘Paddlers’, possibly explaining their greater
probability of eliciting behavioural responses. The number of ‘Paddlers’ visiting
Carnac Island was approximately 10 times lower than at Seal Island, maybe due to
the increased distance from the mainland coast.
Apart from Carnac Island’s greater distance from shore, the intention to visit
Carnac Island as a ‘day trip’, rather than the ‘stop-off’ that Seal Island represents,
may also explain the longer times vessels stayed at Carnac Island than at Seal Island.
‘People’ visit Carnac Island mainly for other recreational purposes and ‘Viewing’
N. cinerea is a secondary activity (Orsini and Newsome, 2005). Conversely, as
landing on Seal Island is prohibited, viewing N. cinerea is the primary reason for
visitation which most groups carried out for relatively short times resulting in N.
cinerea being exposed to human activity for shorter individual periods.
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The total number of vessels and ‘People’ can have variable influences on pinniped reactions (Jansen et al., 2010). Here, the proportion of responding N. cinerea
did not appear to vary with increasing or decreasing numbers of vessels or ‘People’,
which is similar to some studies where response behaviours remained comparatively
consistent (Kovacs and Innes, 1990; Strong and Morris, 2010). However, in other
studies varying behavioural responses occurred with differing numbers of people in
the vicinity, such as adult male N. cinerea, during the breeding season reportedly responding to individual people at greater distances than to groups of people (Lovasz
et al., 2008). In contrast, females and other age groups observed in the same study
did not show variation when approached by people on their own or in groups. Lovasz et al. (2008) speculated that the breeding season may play a role in responses,
but was not able to ascertain what that might be. Quite the opposite, however, has
been observed in A. australis (Cassini et al., 2004).
Long-lasting interactions between N. cinerea and vessels or ‘People’ in the water were a common occurrence in this study (26.5% of all responses), similar to A.
forsteri approaching kayaks or interacting with swimmers from a swim tour (Boren
et al., 2002; Cowling et al., 2014). In contrast, at Seal Bay, South Australia, N.
cinerea have been recorded to only rarely respond to interacting behaviours (Lovasz et al., 2008). In this study, one example of long-lasting duration occurred at
Carnac Island when no other vessel or ‘People’ were in the vicinity. One adult and
three sub-adult N. cinerea ‘Entered the water’ immediately when one of the marine park rangers removed star pickets from the beach (always remaining at >10
m range). The first sub-adult to haul out after leaving the beach did so more than
one hour after the incident, and more than 40 min after the rangers’ vessel had left.
This is comparable with Z. californianus mostly re-hauling out within 10 min after
disturbance ceased, though they could take up to 3.5 h (Labrada-Martagón et al.,
2005). Anthropogenic impacts may, therefore, have altered N. cinerea’s natural behaviour in this study considerably, especially when N. cinerea ‘Entered the water’
or began ‘Interactions’, although ‘Interactions’ may have occurred voluntarily.
A. pusillus have shown increased levels of aggression among themselves when
exposed to higher sound levels (Tripovich et al., 2012). In contrast, similar behavioural changes as a response to noise were not observed in this study, and aggressive behaviours towards stimuli were comparatively rare. This difference may
be explained by age and sex composition of the study populations, as well as timing within the breeding cycle (Boren et al., 2002; Labrada-Martagón et al., 2005;
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Tripovich et al., 2012; Cowling et al., 2014; Pavez et al., 2014). How human impacts affect different age and sex classes is known to vary between different species
of pinnipeds. Females were more sensitive to anthropogenic activities in P. vitulina
(Selvaggi et al., 2001), whereas sub-adult males were more responsive to anthropogenic activities in South American sea lions (Otaria bryonia), and adult male
N. cinerea elsewhere reacted at slightly greater distances than females and other
age classes (Lovasz et al., 2008). In (O. bryonia), more frequent disturbance was
elicited at a breeding site compared with a haul-out site, whereas female P. vitulina
displayed less pronounced responses, appearing reluctant to leave their pups (Anderson et al., 2012; Pavez et al., 2014).
The high frequency of anthropogenic activities, the resulting disturbance, and
the time to return to previous behaviours may have an important effect on N. cinerea
activity and energy budgets of individual animals. The accumulation over time
of these may lead to long-term effects. N. cinerea have a ~2.3 times higher field
metabolic rate and a ~6.2 times higher basal metabolic rate than terrestrial animals
of comparable size (Costa and Gales, 2003). Based on this knowledge, the energy
demands on individual N. cinerea are relatively high. N. cinerea are benthic foragers and their foraging trips are highly demanding and energy intensive (Costa and
Gales, 2003). Hauling out may help conserve energy and contribute to recuperation between foraging trips (Riedman, 1990). Interrupting N. cinerea’s recovery
time from strenuous foraging trips may, therefore, alter their activity budgets and
increase energetic requirements. This could mean that N. cinerea frequently responding to anthropogenic activity while resting, must increase time spent foraging
to gain sufficient energy to offset the time spent at higher activity levels, which,
consequently, could result in less time spent resting. If N. cinerea spend less time
resting between foraging trips, they may be more susceptible to disease and other
threats if their fitness is reduced (Taillier, 2014; Shaughnessy et al., 2007). This
study did not attempt to track movements of identified individuals over time or investigate impacts on overall numbers of animals hauled out. However, pinnipeds
may face displacement from preferred sites and move to less suitable habitat as a
result of ongoing disturbance (Allen et al., 1984; Stevens and Boness, 2003; Kucey,
2005). The impact of anthropogenic activities on overall numbers of N. cinerea
hauling out at Carnac and Seal Islands is unknown, but recommended to be investigated in future studies.
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Habituation to people has been suspected in N. cinerea at Seal Bay, South Australia. N. cinerea show more disturbance at a rarely disturbed site compared with
a long-term, frequently visited site where people are able to approach within close
range (Stirling, 1972; Lovasz et al., 2008). Carnac and Seal Islands are both visited
frequently and N. cinerea may show some level of habituation, especially considering the high number of interactions with vessels and ‘People’. However, quantifying
habituation in animals so commonly visited over such a prolonged period as occurs
at the islands studied would not be trivial.
Some biases may have been introduced by the inability to equally measure all
distances between responding animals and stimuli. However, the difference between the distribution of total minimum approach distances and that of response
distances illustrate that the sample size across ranges was sufficient to detect the inverse relationship of response with range. Furthermore, while behavioural changes
of N. cinerea were excluded when there was uncertainty as to whether the response
was to anthropogenic activities, some responses might have been misclassified as a
response to humans, when they were not. The authors, however, believe that these
cases were rare and that responses were more likely underestimated. In particular,
while measurements were taken of vessels, ‘People’, and closest N. cinerea during
heavy visitation periods (although priority was placed on ‘People’, vessels in close
proximity to N. cinerea and vessels involved in conspicuous activities), some N.
cinerea responses or measured distances may have been missed. ‘Look’, for example, was often an inconspicuous behaviour, particularly if N. cinerea faced away
from the researchers, and was therefore possibly underestimated. A previous study,
conducted at Carnac Island during summer months, approximately six months prior
to the N. cinerea peak season, investigated responses to people. This documented
relatively high numbers of responses in the three response categories measured (lift
head, sit and look) and include repeated responses to the same stimuli (Orsini, 2004;
Orsini et al., 2006). Hourly sampling periods, observing these responses were conducted on one N. cinerea at a time, totalling 240 N. cinerea sampling periods. The
sampling method and measurements, however, differ from that of this study, in particular that the observer was positioned within close proximity to the animals and
thus while detecting a greater number of low level responses, may also have contributed to them (Orsini, 2004; Orsini et al., 2006).
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5.6.1

Suggestions for management

This study showed that not only did distance play a major role in eliciting responses
in N. cinerea, but human and vessel activity types were also contributors. These
factors should be included as primary considerations for programmes aiming at reducing disturbance. The impact of disturbance on individual energetics has not been
investigated here and, similar to response levels, are likely to vary between species
and location. However, it is feasible that many of the following suggestions, and
indeed the current management protocols put in place by the Department of Parks
and Wildlife, Western Australia, would reduce responses of N. cinerea if applied to
haul-out locations of pinniped species elsewhere. Thus by increasing the minimum
approach distance for vessels and people to 30 m, disturbance would be expected
to decrease significantly as high rates in this study were observed at the current
minimum approach distance restrictions of 5-10 m (DEC and Fisheries, 2011). The
frequent breaches of the current limit was a notable feature in this study, thus enforced minimum distances may improve the effectiveness of the regulations.
In a separate study in South America, fencing limited the distance people were
able to access, approach, and view A. australis from land, and significantly decreased human disturbance, including attacks on people which were reduced from
four in a month to zero (Cassini et al., 2004). ‘Aggressive’ behaviour towards ‘People’ and ‘Retreat’ behaviours, were observed more than once a day on Carnac Island
in 74% of all N. cinerea observation days in this study. Limiting the approach distance and/or beach access may reduce the highest response levels and lower the
chances of danger to both humans and pinnipeds. Designating all of Carnac Island
(rather than a section of the beach) as a sanctuary zone, as presently exists on Seal
Island, may assist in reducing disturbance. It would perhaps also provide visitors
with a stronger awareness of their responsibilities when interacting with wild animals. As a control measure, marker buoys installed 15 m off the waterline at low
tide at Carnac and Seal Islands may reduce the disturbance of N. cinerea thermoregulating in the wash zone during periods of higher air temperatures (Marlow, 1975;
Riedman, 1990). Creating a demarcation of a boundary with buoys where vessels
and ‘People’ should not pass may help reduce ‘People’ accidentally beaching their
kayaks (as occurred during 50% of the field days at Seal Island) and also increase
awareness of the sanctuary zone.
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In addition, standardizing control measures across N. cinerea haul-out locations
may assist in generating more consistent behaviour from the public to limit disturbance. This study has not investigated the impacts of disturbance on the energetics
of N. cinerea. The following suggestions are therefore made based on a precautionary approach, given that the level of effects of disturbance on N. cinerea energetics
has yet to be quantified.
In general, it is probable that most visitors are not aware they are causing a disturbance to N. cinerea or what effects these disturbances may have on colonies and
the overall population (Orsini and Newsome, 2005). Clear signage and other forms
of information and educational material, including increased direct communication
from patrol officers, may improve awareness of the importance of haul-out and resting behaviours to N. cinerea health and body condition. Furthermore awareness of
the potential impacts of noise may alter peoples’ behaviours so that noise levels
and overall disturbance are reduced when in close proximity to animals (Newsome
and Rodger, 2008). In a previous study, the combination of approaching slower,
maintaining greater ranges, and having quieter passengers reduced disturbance of
P. vitulina by 60-80% (Hoover-Miller et al., 2013).
In conclusion, this study has shown that a considerable number of responses
and behavioural changes were elicited by anthropogenic activities. Significant differences occurred between Seal and Carnac Islands in levels of exposure, including
the exposure duration and types of stimuli, as well as in the elicited response levels.
However, most responses occurred in close ranges to N. cinerea. If minimum approach distances in guidelines are increased, and the public is made aware that calm
and quiet behaviour around Seal and Carnac Islands would significantly reduce the
potential impacts of anthropogenic activity, the number of responses due to disturbance may be reduced. Longer-term studies measuring the cumulative duration of
interactions, assessing the effects of anthropogenic activities on N. cinerea’s energy
budgets, and determining the impacts of fitness and habitat displacement at an individual and population level are recommended. However, it should also be noted
that pinniped responses to humans varies widely between species and that context
is an important factor in the application of protocols to mitigate disturbance.
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Discussion
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Natural and anthropogenic fragmentation of Australian sea lions, Neophoca
cinerea, into widely dispersed colonies coupled with historical localised extinctions
due to various forms of human activity has led to suggestions that management
of the species may be required on a colony level rather than on the population as
a whole (Campbell, 2003). Whilst population estimates are based on pups, these
are not applicable for local abundance estimates of animals in the Perth metropolitan area as these colonies represent a cohort of the population comprised of male
animals. When animals can be reliably identified, re-sighted individuals can be
used for estimating local abundance sizes, monitoring trends, and conducting markrecapture estimates (e.g. Buckland, 1980; Seber, 1986; Lebreton et al., 1992).
In animal species lacking natural marks or other identifiable features for use in
non-invasive photo-identification, painted marks have been suggested as a means to
more readily support identification of individuals over a relatively short period of
time (e.g. Gales et al., 1992; Robertson et al., 2006). However, for long-term identification, short-lasting marks are not effective, and therefore more invasive methods
such as tagging or branding have been applied successfully in other pinniped species
(e.g. Merrick et al., 1996; McMahon et al., 2006). Invasive methods involve capturing and handling individuals, and may pose significantly greater risk to animals
(e.g. Mellish et al., 2007; Walker et al., 2009, 2012). This is of particular concern
in species such as N. cinerea, where disturbance might have detrimental effects on
animals occurring in small colonies of an endangered population (Campbell, 2005).
Due to the need and desire for minimally invasive survey techniques, this study
investigated alternative possibilities for abundance estimates and for investigating
the behaviour of N. cinerea in an area where human/animal interactions are already
at a high level. Through progress made here, it is anticipated that the findings of
this study will contribute to the development of standards for improved non-invasive
monitoring that is more appropriate for this and other populations whether impacted
by humans or not.
Consistent to other studies of large mammals, the use of whisker spot patterns
to identify individual N. cinerea showed high reliability in small populations, under
controlled conditions. Additionally, the photographs were obtained from particular distances and at a perpendicular angle. However, in contrast to photographs
taken under controlled conditions, the variation of whisker spot patterns obtained
by marking the positions in photographs of wild N. cinerea was found to be too
large. The degree of difference between photographs of the same individual in
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comparison with photographs of different individuals to confirm matches (i.e. resightings) manually proved problematic. Although success rate of correct matches
was high in captive individuals with good quality photographs taken at 90° (lateral) without tilt, photographing wild N. cinerea appeared to introduce too much
variation into the determination of whisker spot location for identification. This is
in contrast to whisker spot patterns of lions (Panthera leo) and polar bears (Ursus
maritimus) which have shown greater variation between individuals which allows
easier identification (Pennycuick and Rudnai, 1970; Anderson et al., 2007a). In P.
leo identification is even possible by using whisker spot positions manually marked
in a grid, during visual observation by eye (Kays and Patterson, 2001; Ogutu et al.,
2006). In P. leo the position of the top row of whisker spots, in relation a reference
row below, contain most of the information needed for identification (Pennycuick
and Rudnai, 1970). By contrast, this study suggests that N. cinerea have a similar level of information spread across all whisker spots. Moreover, their top row
of whisker spots is the most inconsistent row for marking or determining whisker
spots (see Chapter 2). The whiskers in the top row in N. cinerea are very thin and the
spots difficult to see, partly due to blending in with and becoming camouflaged by
fur. Light conditions and spot colours may also affect the visibility of these spots.
Using the top row as the main indicator for identification was, therefore, unreliable
and could not be used for further ecological studies. Whisker spots in U. maritimus
appear to be less abundant and less ordered than in N. cinerea and P. leo, potentially increasing the variation between individuals (Anderson et al., 2005, 2007a).
In both controlled conditions and in the wild, similarity scores for two photographs
of the same individual, while variable, increased as the time between photographs
increased, i.e. matching performance was inversely related to the time interval between photographs. This highlighted the sensitivity of the technique to movement
by either photographer or target (i.e. re-composition of photographs), and its effect
in significantly reducing performance.
Work by the author of this thesis and other co-authors has commenced on testing
alternatives, such as the Groth algorithm, which has been used in other applications
to improve matching at different angles of incidence (Groth, 1986). The Groth algorithm has been successfully employed to match spot patterns in whale sharks
(Rhincodon typus), and is based on comparing triangles between all spots of one
pattern to those of another (Groth, 1986; Arzoumanian et al., 2005). The preliminary work, however, is still underway and the results are not yet available.
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Nevertheless, accurate and consistent identification of the whisker spot locations
on N. cinerea in the wild has proved to be the factor that leads to excessive variation in the patterns, which resulted in low matching performance of tests carried
out so far. The low accuracy and constancy of performance appears to be the result
of a combination of environmental conditions (sunlight, wet/dry fur) and user error
(photographer/subject movement) that impact the ease with which spots can be correctly located. When marking of the same individual on the same photographs was
independently carried out by different observers, the software matching probability
often resulted in identification as two different individuals. Given that similarity
scores (using the Chamfer transform) did not result in accurate identification of individuals in the wild in this study, the application of an alternative algorithm on the
same photographs taken in the wild may be met with limited success. One inference
from the differing results between photos taken of animals in the wild and those in
captivity is that environmental conditions add extra ‘noise’ (measurement error) to
whisker spot patterns in wild animals. These factors would need to be able to be
sufficiently controlled for the method to have (at least) the same level of success as
in captive environments. However, when identifying resightings for behavioural or
abundance monitoring a recognition algorithm should be as close to 100% accurate
as possible to prevent mismatches. Whether this is possible with N. cinerea is unknown.
Based on the results presented here, alternative methods of identification should
be tested, such as the comparison of photographs of front flippers of wild N. cinerea.
Flippers have been shown to contain sufficient information for identification in
Hooker’s sea lions (Phocarctos hookeri), although in that study all four flippers
were photographed from close ranges (McConkey, 1999). In 75% of matching trials (whether only one flipper was photographed is unspecified), preliminary testing
of computer-assisted curve matching of sea lion flippers from 92 photographs of
37 individuals (2-4 photographs each) resulted in the first correct match only after
matching at least 28 photographs incorrectly (Gope et al., 2005). In N. cinerea,
hind flippers are barely seen spread apart, and it was rare that both front flippers
were available for photographs. As a result, this method (using all four flippers)
was originally deemed unfeasible in a preliminary study by the author. However,
the reliability of using a single flipper for photo-identification in a larger population
could be tested and is suggested here. In addition, to account for variations in angle
and potentially allow for easier manual matching, testing of the use of 3D stereo
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photographs is recommended (Heike et al., 2010). Nevertheless, whether one front
flipper would provide sufficient information for identification is not known.
While scarring is often used to identify marine animals such as cetaceans (e.g.
Würsig and Jefferson, 1990), N. cinerea in Perth metropolitan areas with scars of
sufficient size and visible position that could be used for re-identification were rarely
observed (see Figure A1 and Table A1 in the Appendix for images of the four individuals that were resighted by using scars, for which no applicable photo on their
whisker spot pattern was available). Marine mammals generally exhibit extensive
and rapid healing capacities and in pinnipeds, regrowth of fur obscures or hides
smaller scars. Furthermore, N. cinerea moult every ~17 months, a process that
may also alter a scar’s appearance (e.g. Bruce-Allen and Geraci, 1985; Lockyer
and Morris, 1990). The low number of N. cinerea with large scars suitable for reidentification, together with the healing and changing of scars over time, limits the
extent in which this method can be used reliably for long-term studies. However,
in this study, resightings of four individuals based on the distinct patterns of their
scars were possible. Two of these individuals showed evidence of movement between Seal and Carnac Islands, while the other two were observed twice on either
Seal or on Carnac Islands. Although the sample size of resightings was small, the
results showed N. cinerea moved between these two islands as well as returned to
the same islands. Although N. cinerea have previously been documented to move
freely between the Perth haul-out islands in a period of four months (Gales et al.,
1992), in this study, movement between islands was confirmed over a period of
approximately eight months. Resightings in this study were, through any method,
insufficient to interpret information beyond these observations (frequency of returning and movement between islands, abundance estimates, etc.).
Despite whisker spot identification of individuals not proving to be a feasible
method of resighting in this study, more general knowledge on haul-out patterns in
N. cinerea in the Perth metropolitan area provided alternative information to support
the design of more robust surveys and abundance estimates based on repeated count
data (e.g. Kéry et al., 2005; Dail and Madsen, 2011). The overall long-term fluctuation of numbers of N. cinerea hauling out in the Perth metropolitan area generally
followed a 17-18 month cycle that aligned with the population’s known breeding
cycle. It is likely that male N. cinerea migrate to the Perth metropolitan area during
the non-breeding season to reduce competition for food resources around breeding
sites or to seek out more readily available food sources (Gales et al., 1992). Due
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to the non-annual breeding cycle, successive peak haul-out seasons in the Perth
metropolitan area are out of synchrony with the regular seasonal pattern and consecutive peaks never occur in the same annual seasons. Numbers of N. cinerea
hauling out on Seal and Carnac Islands during winter and summer peaks have been
reported to be comparable, according to count data collected from 1982 until 1991
(Gales et al., 1992). However, while the peak numbers on Seal Island in this study
were similar between consecutive peak periods (the first occurring in the winter and
the second 17-18 months later in the summer), significantly fewer N. cinerea hauled
out during the first peak (the winter peak) than during the second peak (in the summer) on Carnac Island. Whether the earlier count data, comprising six consecutive
peaks (three peaks during summer and three during winter), did not capture maximum numbers during the peak season, and so did not detect such a phenomenon is
unknown. The exact number of surveys conducted in a month in the previous study
is unknown (Gales et al., 1992). The variation in peak numbers on Carnac Island is
thought to be due to environmental drivers, or the lower winter peak in this study
being a lower peak in general.
Count data during the summer peak (second peak in the study) indicated a potential lag in the increase in numbers on Carnac Island compared to Seal Island. Differences in the timing of the peak season on haul-out islands in the Perth metropolitan
area were unexpected, given the proximity of the islands and movement between
islands (Gales et al., 1992). Similar lags in breeding behaviour have been observed
of the same population of N. cinerea. Asynchronous breeding seasons occur in Jurien Bay, Western Australia, where N. cinerea hauling out in the Perth region are
expected primarily to migrate for breeding. Also, the breeding season at Buller Island’s lags approximately one month behind that of Fisherman and Beagle Islands
(breeding islands around Jurien Bay; Gales et al., 1992; Campbell, 2003). If individuals from the island where breeding occurred earlier, migrated to one haul-out
island whilst the remaining breeding animals migrated at a later time to a different
haul-out island, this may explain some of the observed delay in peak numbers from
one island to another. Perhaps the habitat is better on Seal than Carnac Island for
nonbreeding male sea lions. Alternatively, the earlier returnees may simply display
a preference for one island over another for some temporary, as yet unknown, environmental condition.
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This lag between peak numbers at the two main haul-out islands near Perth appears to be only recently documented. Data collected from 1982 until 1991 does
not reveal the same lag between the peak seasons on Carnac Island, including from
1987 onwards when data were collected more often (Gales et al., 1992). However,
as only maximum values were often reported, the actual sample size and survey
intervals for this data set are unknown and final monthly counts most likely do not
show changes in numbers at sufficient resolution to detect a time lag in hauled-out
numbers between the islands. Difficulty in identifying short-term trends or differences could be exacerbated by the high variation in day-to-day numbers of individuals, as was found in this study, highlighting the importance of a high sample size
when monitoring N. cinerea numbers based on haul-out data alone.
While the data collected here had a much higher sample size and smaller intervals between surveys, consistent data collection on both Carnac and Seal Islands
during a greater number of peak seasons would need to be conducted to determine
if lags of the peak season are typical in this area, and if there are differences in
haul-out numbers between winter and summer peak seasons. It is also unknown if
males hauling out in the Perth metropolitan area show breeding preferences for one
or more of the breeding islands in Jurien Bay. Females have been shown to exhibit
a high level of natal site fidelity (Campbell et al., 2008b). Therefore, if males exhibited similar behaviour and were not locally migrating between breeding islands,
gene flow and genetic variation between colonies could likely be more segregated
(Campbell, 2003; Campbell et al., 2008b; Lowther et al., 2013) and more susceptible to collapse.
The highest numbers of males on the breeding islands off Jurien Bay, approximately aligned with the lowest numbers of N. cinerea hauling out in the Perth
metropolitan area (Gales et al., 1992; DPaW unpublished data). The difference in
time between peak numbers of N. cinerea hauling out around Perth and the breeding season in Jurien Bay is approximately six months (Gales et al., 1992). This reflects a relatively long migration time between the two locations, in both directions.
Where N. cinerea spend their time in transition from haul-out to breeding islands
and back is currently unknown. Prior to breeding, male N. cinerea are thought to
spend most of their time foraging to build energy and fat reserves in preparation to
defend territories, however, no information is available on feeding grounds or haulout locations along their migratory route from metropolitan Perth to the Jurien Bay
region (Marlow, 1975; Ling, 1992).
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Very small numbers of male N. cinerea remained in the two Perth metropolitan
haul-out islands in this study during the breeding season in the Jurien Bay region,
and were mostly adults which may be too old or weak to breed or defend a territory
(Gales et al., 1992). Juveniles and sub-adults that are not of breeding age, nor able
to defend territories, appeared to leave the Perth metropolitan area along with the
mature males, although the destination of these individuals is unknown. Some juveniles have previously been shown to migrate to breeding sites, even though they
do not set up territories (Gales et al., 1992), though the reason for this migration is
also unknown. It has been presumed that the juveniles migrating could be females
returning to their natal sites during the breeding season (Gales et al., 1992). However, in this study, male juveniles and sub-adults left the haul-out islands after the
peak seasons, presumably to migrate as well.
During the non-breeding season, when sufficient numbers of N. cinerea resided
in the Perth Metropolitan area to detect more fine-scale patterns, increasing numbers of N. cinerea hauled-out with increasing time after sunrise. It is feasible that N.
cinerea left the islands after dusk, though this could not be tested as surveys ceased
prior to sunset. The findings in this study showing numbers doubling from morning
to afternoon on some days highlights that the timing of counts used for abundance
and trend estimates can significantly influence results (e.g. Southwell, 2005). Either consistent timing is required, or the underlying pattern needs to be able to be
accurately predicted to correct for variability in the timing of counts.
N. cinerea’s hauling-out behaviour was found to be complex, influenced not
only by the breeding cycle, but also a number of environmental drivers. N. cinerea
preferred to haul out when air temperatures were higher and tidal heights were
lower, however they were less influenced by wind speed. The high variability in
numbers of hauled-out N. cinerea at any given time during the day when coupled
with variable weather and tide conditions can affect the accuracy of abundance estimates considerably (Southwell, 2005). Due to the interacting influences that the
environmental conditions listed above have on haul-out behaviour, repeated counts
over several closely-spaced days during the peak may be a way of normalising data.
This will certainly overcome some of the inherent difficulties of single-day counts
in the peak season undertaken opportunistically for monitoring and management
purposes (as has been common practice over many years in this region). Repeated
counts would be best done when they are most comparable. Time since sunrise
was the most significant variable influencing haul-out behaviour (following season
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and location), indicating that counts should be conducted between 9 and 11 h after
sunrise at Carnac and Seal Islands. However, during population monitoring, regional managers conduct standard surveys that include counts across all six islands
in the Perth area. It may not be logistically possible for them to consistently conduct counts at particular sites in the afternoon. In these cases, it is recommended
that counts be conducted at a similar time of day at particular islands across all survey days (in relation to the time of sunrise). This will help ensure that counts are
comparable between sites and years. Additionally, air temperature and tidal heights
should be recorded so that relative abundance can be modelled and if possible adjusted using a correction factor to improve comparability over time (Seber, 1986;
Huber et al., 2001).
The ~17 month breeding cycle in the Perth region results in peak periods occuring during entirely different seasons in sequential years; thus, environmental
conditions during peaks will vary significantly from peak to peak. Peak seasons
in alternate years also occur in earlier months (two peaks are less than three years
apart). Therefore, to determine whether the variation in N. cinerea haul-out behaviour reflects a spatial (preferred haul-out location), temporal (timing and duration of peaks), or abundance (population numbers) change, a multi-cycle dataset is
needed. Thus continued monitoring is required to determine whether trends are a
direct result of seasonal environmental conditions, or are a function of some alternative longer-term driver such as long-lasting anthropogenic pressures and climate
change.
In fact, N. cinerea residing in the Perth metropolitan area have been exposed to
a variety of anthropogenic activities. Given the proximity of a state capital city and
the high rate of vessel ownership per capita, there is a constant and high level of anthropogenic visitation and interaction at the major haul-out islands where N. cinerea
occurs. The exposure of N. cinerea to vessels and people was high in this study at
both islands, but the composition of stimuli types (vessels and people) varied significantly between the islands. This variation can be explained by the proximity
to the mainland and the topographic features of the islands, as well as the purpose
for people’s visits to each island (Orsini and Newsome, 2005). Furthermore, approach distances and duration of visitation varied among stimulus types. Hence the
frequency and level of N. cinerea responses were likely not only a function of the
stimulus type, but the type in combination with its approach distance and visitation
duration.
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Overall, responses of N. cinerea to anthropogenic activities were frequently observed, most often at the shortest ranges, and predictably increased with decreasing range. This highlights that the level of disturbance was greatest when humans
approached to within close ranges. The most severe responses, i.e. aggressive behaviour towards people, were only observed on Carnac Island. Here, startle responses were also most frequent, and most retreating behaviours were recorded
when people approaching along a beach were highly visible to hauled-out animals.
In both cases, people often breached the 5-10 m minimum approach distance in
guidelines (CALM, 2003; DEC, 2007; DEC and Fisheries, 2011). Even at 10 m
distances, responses remained high, thus approach limits may need to be increased
and further enforced, e.g. using the already installed buoys as boundary markers for
all stimuli, including ‘Paddle powered’ vessels and ‘People’. However, changing
people’s activities and behaviour around N. cinerea can only be achieved if they are
aware of the concerns for this population and the impacts of their activities. This
may be achieved by continued patrols to enforce guidelines and broadening education programs. The number of higher-level responses elicited could be reduced by
restricting Carnac Island’s beach access and designating the entire beach area as a
sanctuary zone. This would be in place of the current limited area, where boundaries marking the sanctuary zone are not easily discerned. A reduction in aggressive
behaviours towards people would also be safer for those visiting the island.
The results here identify impacts from human disturbance as playing a direct
role in N. cinerea’ overall behaviour while hauling out at the two islands, and more
importantly indicate that the level of disruption may be significant, potentially having a detrimental impact on the overall energy budget of disturbed animals. Due
to the high frequency of disturbance experienced by a potentially significant number of N. cinerea in this region, future studies estimating the extent of its impact
on energy budget of N. cinerea are recommended. These include the behavioural
assessment of hauled-out individuals during non-disturbed periods, i.e. during the
absence of anthropogenic activities in the vicinity, to determine changes in their
activity budgets during times with anthropogenic disturbance. These can then be
used to estimate energy budgets of undisturbed versus disturbed individuals. As
non-disturbed periods are few during a summer non-breeding cycle, it may be necessary to conduct these comparisons during spring/autumn parts of the cycle, or
during a winter non-breeding period. Furthermore, quantifying foraging behaviour
of the individuals for which activity budgets of hauled-out periods are available,
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would be beneficial to investigate differences between undisturbed and disturbed
periods. Tagging N. cinerea in Perth’s metropolitan waters would also help to reveal the main foraging grounds of this population and potential concurrences with
other anthropogenic activities, such as recreational fishing and boating. It is also
strongly suggested that management authorities endeavour to reduce disturbance at
both non-breeding and breeding colonies of N. cinerea.
N. cinerea have previously been shown to be sensitive to anthropogenic activities in their vicinity (Campbell, 2005), and similar to other marine mammals, a
consequence of long-term lower impact level activities may be a reduction in population size (e.g. Gerrodette and Gilmartin, 1990; Stevens and Boness, 2003). This
type of reduction in numbers is difficult to detect in small populations, such as N.
cinerea in Perth waters especially when it is difficult to estimate true numbers of
animals (e.g. Taylor and Gerrodette, 1993; Taylor et al., 2007). Populations may
also significantly decline in numbers before the change is detected (e.g. Taylor
and Gerrodette, 1993). The high variability in hauled-out N. cinerea around Perth
increases the uncertainty in abundance estimates, and long-term trend assessment
so far has not been possible. The limited information available for effective management also emphasizes the importance of obtaining sound baseline knowledge,
implementing robust survey design and collecting sufficient sample sizes for monitoring such a population. This study has highlighted some environmental conditions
and anthropogenic activities these N. cinerea respond to, and provides several recommendations for future monitoring and management.
Continued monitoring is recommended not only to assess current abundance
and population trends, but also to determine the effect of updated regulations or
guidelines. Management of N. cinerea in the Perth metropolitan area is important
for successful conservation of this iconic species, and to keep them healthy and
happily returning ever after.
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based on recognizing unique marks, patterns, shapes of certain
body parts, or scars. This is possible with unique fur patterns,
such as stripes or spots in tigers (Panthera tigris), cheetahs
(Acinonyx jubatus), or zebras (Equus quagga—Peterson 1972;
Ullas Karanth and Nichols 1998; Kelly 2001; Hiby et al. 2009).
In some phocids, spot patterns in fur have been used to recognize individuals (Hiby and Lovell 1990; Karlsson et al. 2005).
Shapes or outlines of distinctive appendages have successfully
been used for individual identification, for example dolphin
dorsal fins, whale flukes, badger tails, and sea lion flippers
(Würsig and Würsig 1977; Whitehead 1990; McConkey 1999;
Dixon 2003). Scars may also be useful to assist identification
in pinnipeds (Forcada and Aguilar 2000; Vincent et al. 2001),
but often change over time, for example when animals molt

Many aspects of ecological studies are significantly enhanced by
the persistent identification of individuals, achieved for example by capture–recapture models in population-based studies
(Nichols 1992). Behavioral studies focusing on individual differences rely on the recognition of individuals and the ability to
follow them through time. Microchips, tags, or artificial marks
(e.g., through branding) can be applied to aid in distinguishing among individuals (Summers and Witthames 1978; Walker
et al. 2012). Such methods involve capturing and handling animals, in many cases causing significant stress, can have adverse
effects on the animals (Troy et al. 1997; Walker et al. 2012), and
increase risk to the researchers themselves. In several species,
methods use natural marks for noninvasive individual identification, often through photographic comparison. Identification is
1
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(McConkey 1999). On occasion, identification of whisker spot
patterns has assisted in identification of individuals (Beentjes
1989; Miththapala et al. 1989). Australian sea lions (Neophoca
cinerea) are an endangered species, lacking information on
population estimates and demographics for many of their colonies (Goldsworthy and Gales 2008). Photo-identification would
therefore be a useful tool to gain more knowledge on their population demographics and beneficial for appropriate management
and their conservation. Australian sea lions, however, do not
have distinctive patterns in coloration, and readily visible longterm scars are absent for the majority of individuals. Hence, it
is highly advantageous to establish a noninvasive and replicable
technique for individual identification of Australian sea lions.
Pennycuick and Rudnai (1970) first developed and described a
method using whisker spot patterns to identify individual lions
(Panthera leo) successfully. Anderson et al. (2007) then tested
a similar method for polar bears (Ursus maritimus), finding that
of 50 individual polar bears whisker spot patterns analyzed,
98% contained enough information to reliably identify individuals. For pinnipeds, no such feasible method has been developed
yet which allows effective identification of individuals in the
long term.
Computer-aided photo-identification can increase the efficiency and accuracy of individual recognition and is particularly advantageous for studies on larger populations (e.g.,
Mizroch et al. 1990). A practical tool may also reduce the costs
of a manual-matching research program significantly. The specific objectives of this project were therefore to: 1) establish
whether the variability of whisker spot patterns in Australian
sea lions is large enough to reliably use them for individual
identification and 2) develop and test the accuracy of pattern
recognition on Australian sea lion whisker spot patterns. The
development of a noninvasive photo-identification method for
Australian sea lions would also provide greater confidence in
its potential for noninvasive identification in similar species.

Materials and Methods
Study areas and collection of photographs.—Method testing was based on photographs of known individual Australian
sea lions in captivity and in the wild. Images of captive sea
lions comprised 3,036 photographs of 16 individuals, taken by
zoos and aquaria including Adelaide Zoo, Pet Porpoise Pool
in Coffs Harbour, SEALIFE (previously UnderWater World) in
Mooloolaba, and Taronga Zoo in Sydney. Lateral photographs
were taken between 1 March 2013 and 25 November 2014 of
each sea lion’s right muzzle at estimated angles of 70°, 90°,
and 110° from its anterior, at ranges of 1 and 2 m. An angle of
90° means that the profile view of the animal is perpendicular
to the camera. Photo sessions were repeated at approximately
10, 30, 60, 180, and 360 days after the 1st photo session to test
the method against any ontogenic changes (Table 1) in whisker
spot patterns in Australian sea lions. There was minor variability in the timing of photo sessions with some missed due to
shortage of zoo staff, busy schedules, or failure of sea lions to
follow trainer instructions when taking photographs.

Table 1.—Number of individuals and number of photographs taken
of the right muzzle of captive Australian sea lions (Neophoca cinerea)
on different days throughout 1 year.
Day 1 Day 10 Day 30 Day 60 Day 180 Day 360 Total
Individuals
Photographs

15
396

11
430

15
515

10
580

9
565

5
550

16
3,036

Field-based photographs of wild Australian sea lions were
obtained to increase the sample size of unique individuals.
Images from 15 breeding and haul-out islands were included.
Selecting a wide variety of locations allowed individuals of both
sexes and various age classes to be sampled. Haul-out islands
were located in the Perth Metropolitan area in Western Australia
and included Seal, Carnac, Penguin, Little, and Dyer Islands,
and Burns Rocks. Breeding islands included Haul-off Rock, Red
Islet, Middle Doubtful, Glennie, Wickham, Houtman Abrolhos
Islands, as well as Anvil and Ford Islands in the eastern group
of islands of the Recherche Archipelago off the southwest coast
off Albany and Esperance, and Beagle Island off Jurien Bay,
Western Australia (Fig. 1; Table 2; Gales et al. 1992). From these
locations, a total of 5,766 whisker photographs of Australian
sea lions were taken during 127 field trips between the 8 June
2012 and 15 February 2014 using a Canon EOS 550D with a
100–400 mm zoom lens (Canon, Tokyo, Japan; Table 2). We
approached focal animals slowly and carefully, up to a minimum
distance of 5 m to minimize disturbance. Photographs of sea lion
muzzles in the field were taken from the closest range possible—
approximately 5–50 m (5–10 m is minimum distance the public
is recommended to maintain from a sea lion). A maximum range
of 50 m was selected as beyond this, photographs were found to
be less reliable and blurred in a study on polar bear identification
using whisker spot patterns (Anderson et al. 2007).
During each field trip, lateral (90°) photographs of sea lion
muzzles were taken, if possible from its left and right side.
Photographed sea lions were either sitting in the water, swimming
with their head raised above the waterline, or hauled out on land.
Individuals could be distinguished from each other during a single
field day (based on their haul-out locations and movements), and
the total number of individuals photographed calculated. Due to
unconfirmed movement patterns, the total number of individuals
over all field days is unknown. To ensure that unique individuals
were tested, a selection of photographs was made from the 5,766
wild Australian sea lion images. The photographs selected were
either taken from multiple locations within a region on a single
field day, with the assumption that animals did not have time to
move between field sites during the window of field work, or at
breeding islands with very large distances between them (i.e., an
island near Albany versus an island near Jurien, Western Australia)
where there is evidence of site fidelity (Campbell et al. 2008).
After the selection process, photographs remained from 37
unique wild Australian sea lions, for many of which, multiple
photographs existed. Not all photographs from the original catalog of 8,802 images (3,036 and 5,766 images from captive and
wild Australian sea lions, respectively) were of sufficient quality
to be used in testing, therefore a further selection was required.
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Fig. 1.—Locations of islands where photographs of Australian sea lions (Neophoca cinerea) in the wild were obtained.

In all cases, selection was based on user interpreted quality,
i.e., in focus, not tilted and taken at the correct angle (70°, 90°,
and 110° for captive individuals and 90° for wild individuals).
Captive individual photographs were only included if taken at
a range of 1 and 2 m and photographs of wild individuals only
included between 5 and 50 m. In general, suitable photographs
of wild individuals were available for 1 side of the muzzle, with
more high-quality photographs from the sea lions’ right-hand
side. Thus, only images of the right-hand side of the sea lions
were used in this study to resemble feasible sampling for usage
on wild sea lions. The net result was a library of photographs
for analysis, comprising 608 images of 53 individuals: 515
images of 16 captive individuals (including all 3 orientations
and 2 ranges) and 93 images of 37 wild individuals (at 90°).
This work was conducted under a Department of Parks and
Wildlife permit (number SF009371) and university animal ethics approvals (AEETH24/11 granted by Victoria University,
Melbourne and AEC_2013_32 granted by Curtin University,
Perth). Research on live animals followed American Society of
Mammalogists guidelines (Sikes et al. 2011).

Preparation of photographs for reliability testing and matching.—Photographs were cropped in Adobe PhotoShop Elements
11 (Adobe PhotoShop Elements 2012) to eliminate superfluous
parts of the photograph. In this study, a semiautomated pattern
recognition software, originally developed for identifying polar
bears using their whisker spots, was adapted for application on
sea lions (Anderson et al. 2010; Fig. 2). The original program was
mostly automated, only requiring the user to manually choose 3
reference points (Anderson et al. 2010). The region of whisker
spot patterns in a photograph was automatically extracted and
used to match individuals against a database. Due to low and
variable contrast between the fur and whisker spots in Australian
sea lions (Australian sea lions vary in fur color between sexes
as well as change fur color when maturing—Walker and Ling
1981), automated whisker spot extraction was not possible, so
individual whisker spots were selected manually in the program
(see Fig. 3 for an example of whisker spot patterns).
Once the 3 reference points (inner corner of the eye, corner
of the nostril, and outer end of the mouth; Fig. 2) and whisker
spot locations were marked on the photograph, the program
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Table 2.—Number of field days and photographs, which were taken
of the right side of wild Australian sea lion (Neophoca cinerea) muzzles on various islands in Western Australia.
Location

Field days

Seal Island
Penguin Island
Carnac Island
Dyer Island
Little Island
Burns Rocks
Haul-off Rocks
Middle Doubtful Island
Red Islet
Glennie Island
Wickham Island
Recherche Archipelago
Beagle Island
Abrolhos Islands
Total

54
4
22
13
9
13
2
1
1
1
1
1
3
2
127

Photographs
2,360
28
1,264
192
266
122
100
190
108
90
96
70
640
2,883
5,766

standardized the location of the chosen whisker spot points by
applying an affine transformation, such that the eye is located
at spatial coordinate (0, 0), the nose is at (1, 0), and corner of
the mouth is at (0.5, 0.5). These coordinate values serve to align
the whisker spot patterns from different photographs (Fig. 3).
These reference points were chosen based upon their ease of
distinction compared to other potential reference points.
The overall methodology required 4 steps to prepare the data
for reliability and matching tests. There were 6 additional steps
for testing reliability of the patterns, and 3 additional steps for
matching the whisker spot patterns (Fig. 4 for a flow chart).
These methods for the additional steps are described below.
Variability of whisker spot patterns in Australian sea lions.—
A set of 53 good-quality photographs, 1 each from 16 captive and 37 wild unique individual Australian sea lions, were
selected to determine whether individual whisker spot patterns
were unique enough to reliably identify individual sea lions in
a population. Assessing the variability of whisker spot patterns
involved investigating spot locations relative to a normalized
grid laid over the standardized photograph of the muzzle and
identifying whether spots were “present” or “absent” in each of
the cells within that grid. The first step was to select the dimensions of each cell in the grid. The grid cell height and width
were chosen using the maximum vertical and horizontal distances, respectively, between the same whisker spots on multiple photographs of the same individuals. The greatest value for
each of these 2 dimensions was taken from 23 photographs of
10 individuals. These individuals were selected because there
were 2–3 high-quality photographs available of each.
The grid was applied to 1 photograph from each of the 53
individuals. The cells were then tested for pairwise independence
of whisker spots being present/absent, and 1 of 2 dependent cells
removed from the analysis (as per Pennycuick 1978; Anderson
et al. 2007, 2010). To test for mutual independence, the joint
probability of 2 cells having a value of whisker spots “present”
was compared to the independent probability of 2 cells having
a value of whisker spots “present.” The probability of a whisker
spot present in the cell was tested for each pair of cells. A set of

events (such as the presence of whisker spots) is classed as mutually independent if the joint probability for every subset of events
(cells) within the set is equal to the product of their individual
probabilities (Anderson et al. 2007). The “joint probability”
(called the observed) was calculated as the proportion of each
of 2 adjacent cells having whisker spots present. The individual
probability (called the expected) was calculated as the product
of the 2 cell probabilities. Observed and expected probabilities
were also calculated for cells having a value of “absent.” To test
whether there was a significant difference between observed and
expected probabilities, whisker spots for the sample were simulated 5,000 times based on their original probability distribution for the 53 individuals’ patterns. Once dependent cells were
removed, the probability of occurrence and information content
were calculated for each individual as per Pennycuick (1978)
and Anderson et al. (2007). First the frequency of whisker spot
occurrence in each cell was calculated as fi = ni/N, where n is the
number from the sample having a whisker spot in the cell and N
is the number of individuals in the sample.
The probability of occurrence was taken as:
P = fa × fb × fc ×...×(1 × fq )×(1 × fr )×(1 × fs )× ..., 

(1)

where a, b, c, etc. are cells with spots, and q, r, s, etc. are cells
without spots. The information content was calculated as I = −
log2(P). As simulations can vary between passes, calculations
were conducted 50 times. The mean and SDs from these calculations are presented.
The probability of duplication, that means that at most one
individual has a specific whisker spot pattern, in population
sizes of 50, 100, 500, and 1,000 were calculated based on
the probability of occurrence of the spot pattern in the study
population (as in Pennycuick 1978 and Anderson et al. 2007;
Table 3). This was calculated as:
M



M− 1

(1 − P ) + MP (1 − P )

(2)

where M is the number of individuals in a population and P is
the probability of a particular pattern occurring in a population.
Code written in Matlab R2013a (Moler 2013) was used to carry
out all analyses and produce all figures presented in the results.
Pattern recognition using Chamfer distance transform.—
Four catalogs of photographs were created from the complete
library of 515 photographs of captive individuals to include
only those pertinent for the 4 test scenarios. The “catalogs”
consisted of matching photographs of the individuals taken
on: 1) the same day at 90° (90 photographs), 2) the same
day at different angles (70°, 90°, and 110°; 46 photographs),
3) the same day at 90° at 1- and 2-m distances (28 photographs), and 4) different days (the 1st photo session, and
10, 30, 60, 180, and 360 days from the 1st photo session)
at 90° angle (64 photographs; Table 4). An adaptation of the
Chamfer distance transform (Borgefors 1986) was used to
compute the similarity score between 2 images based on the
location of their whisker spots (point pattern). The similarity
score between 2 standardized point patterns is calculated as
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Fig. 2.—Adapted software interface to build a library and match whisker patterns using Chamfer distance transform. Whisker spots in the image
are marked with black circles and reference points with white circles. The matching scores with other marked photographs are displayed on the left.

Fig. 3.—Example of marked cells where whiskers are present on grids overlaid over the muzzles of 6 captive individual Australian sea lions
(Neophoca cinerea). Black cells are where whisker spots are present and empty cells where spots are absent. The coordinate [0,0] is the position
of the inner corner of the eye, and [1,0] the reference point on the nostril.

follows: For each point in the 1st pattern, the Euclidian distance to the nearest point in the second pattern is calculated
and distances then averaged. The same procedure is carried
out in reverse. Both averaged distance scores are averaged
together to produce a similarity score between the 2 point patterns where lower scores indicate higher similarity between
2 patterns. In addition, the algorithm calculates the similarity
score many times, each time shifting one of the patterns by a
small distance (chosen by the user), called the step size, and
uses the smallest of these scores as the final similarity score.
This “shifting” accounts for misalignments of point patterns
caused by different facial angles of the animals. The software
calculates the similarity score between the “candidate” sea
lion being matched and every sea lion already in the database
(or “library”). Users can cross-check the photographs visually
to confirm or reject whether the candidate sea lion has been
matched to one in the library.
Software settings and pairwise matching.—Catalog 1 photographs (images from the same day at 90°) were used to determine the best software settings to maximize correct matching

results and were then used for all catalogs. Boxplots of Catalog
1 with different settings were displayed to compare the distribution and the overlap of scores for matching and nonmatching
individuals. An offset (i.e., the “shifting” to account for misalignments of spots in different photographs of the same individual) of 0.07 and step size (i.e., how much a pattern is shifted
during the matching process) of 0.005 resulted in the best similarity scores. Best similarity scores in this case mean less variation in score distributions and the least overlap in matching and
nonmatching scores. Pairwise matching was conducted between
all photographs within each catalog and provided the similarity scores for each scenario based on the Chamfer distance
transform. The distributions of scores for correct and incorrect
matches for each individual to all other photographs in the catalogs were compared using boxplots for each of the 4 catalogs.

Results
The grid size best suited to discriminating between individuals
was found to be 0.0625 cell width and 0.025 cell height, and
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Table 3.—The probability (P) of a spot pattern occurring, calculated as: (1 − P)M + MP (1 − P)M, and the corresponding information
content (I) for a range of population sizes (M).
Population size

Probability of
occurrence

Information
content (bits)

50
100
500
1,000

≤ 3 × 10−3
≤ 1.49 × 10−3
≤ 2.969 × 10−4
≤ 1.4862 × 10−4

> 8.38
> 9.39
> 11.72
> 12.72

Table 4.—Sample sizes of photographs from 16 captive Australian
sea lions (Neophoca cinerea) used for testing matches for photographs
taken: 1) during the same day at 90°; 2) during the same day at 70°,
90°, and 110°; 3) during the same day at 1- and 2-m distances; and
4) during different sessions at 90°.
Name of
individual
Abby
Ady
April
Cindy
Lexie
Liette
Malie
Maxine
Miri
Miya
Nala
Nikki
Orson
Portia
Rocky
Teiko
Total

Fig. 4.—Flow chart presenting the entire process of testing the method
of using whisker spot patterns for individual Australian sea lion
(Neophoca cinerea) identification.

after testing for pairwise independence of whisker spots being
present/absent (Fig. 5), 1 of 2 dependent cells were removed
from the analysis. Applying these to test the whisker spot variability and pattern recognition algorithm produced the following results.
Variability of whisker spot patterns in Australian sea lions.—
“Dependent” cells were mostly located close to the nose. The
cells with the highest probability of whisker spots being present were those close to the nose (between coordinates x = 0.9,
y = 0.1, and x = 1, y = 0.4; Fig. 6). Cells with the highest information content were those with lower frequencies of occurrence (Fig. 6; Pennycuick 1978). Once dependent cells were

Same day
at 90°

Same day
at different
angles

3
5
4
3
14
5
11
6
11
4
7
2
6
5
2
2
90

3
2
3
3
3
3
3
3
3
3
3
3
2
3
3
3
46

Same day
at different
distances

Different days
at 90°

2

3
6
4
3
6
4
6
3

2
2
2
2
2
2
2
2
2
2
2
2
2
28

6
6
3
4
3
3
4
64

removed, 99.0% (± 1.5 SD) were considered reliable for a
population size of 50 and 98.2% (± 1.7) for a population size
of 100 (Fig. 7). Reliability estimates dropped to 92.2% (± 4.7)
for a population size of 500, and 88.2% (± 5.7) for a population
size of 1,000 (Fig. 7).
Pattern recognition algorithm and application.—Overall,
most similarity scores calculated in the adapted software using
the Chamfer distance transform were lower for photographs
matched correctly than those matched incorrectly (Fig. 8),
where a lower score denotes a better match of 2 images (Fig. 9).
Similarity scores of pairwise comparisons of photographs of 16
captive animals (in zoos) taken on the same day at a 90° angle
(scenario 1, Fig. 8a) resulted in 90% correct matches. Eightynine percentage of photographs taken at 1- and 2-m distances
at 90° were correctly matched (Fig. 8c), whereas photographs
taken from different angles had 48% correct matches (Fig. 8b).
Comparisons of photographs that were taken at different times
over a year (at 90°) yielded 73% correct matches by the adapted
software (Fig. 8d). The percentage of correct matches over
time did not appear to be related to the time period between
photographs.
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Fig. 5.—Pairwise probabilities of cells having whiskers present a) within columns (cells above and below each other) and b) within rows (cells
right and left of each other). Pairwise probabilities of cells having whiskers absent c) within columns and d) within rows.

Fig. 6.—a) Frequency of occurrence and information content of whisker spots in grid cells based on 53 individual Australian sea lions (Neophoca
cinerea), b) without removal of dependent cells, visually illustrating to the reader the locations on the muzzle where dependent cells were predominantly present.

Discussion
Variability of whisker spot patterns in Australian sea lions.—
Based on the information content of whisker spot patterns
calculated here, there is sufficient variability in Australian sea
lions for reliable matching in a relatively small population of 50
individuals. For populations of 1,000 individuals, the reliability
estimates decrease and probability of duplication of a whisker
spot pattern increases. In polar bears, whisker spot patterns
were estimated to contain more information and populations of
1,000 individuals were estimated to be able to be matched with
99% reliability (Anderson et al. 2007). Our results are similar
to the results estimated for variations in whisker spot patterns in
lions, which were 92% reliable for a population size of 50 and
64% for a population of 1,000 (Pennycuick and Rudnai 1970).
Similarly, whisker spot patterns in leopards were reliable for

smaller populations. Out of 21, 19 had enough information at
95% reliability level, whereas only 15 out of 21 were reliably
identifiable at 99% (Miththapala et al. 1989). The main variable
that can affect the estimated percentage of individuals considered to be reliable (having an information content above the
minimum required for the study population size) is the cell size.
For smaller cell sizes, the information content increases, and so
does the percent of individuals considered to be reliable, since
small differences in whisker spot positions can be detected
(Pennycuick 1978). However, if the angle at which the photograph is taken shifts significantly, error in correct whisker spot
cell allocation increases significantly. We therefore used a cell
size that was equivalent to the maximum distance between the
same whisker spots photographed multiple times on the same
individuals. Having done this, the authors recognize that there
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is an untestable assumption that the largest value of maximum
distances between the same whisker spots on multiple photographs of the same individuals reflects the maximum shift in
angle of photographs taken among different individuals.
Pattern recognition algorithm and application.—Overall,
from the photographs taken in a controlled environment (captive animals photographed by zoo keepers) on the same day,
the Chamfer distance transform performed relatively well
with 90% correct matches. The factor most affecting correct
matching was the angle at which the photographs were taken,

Fig. 7.—Percentage of reliable whisker spot patterns estimated from
50 repeated simulations for a population of 50, 100, 500, and 1,000
individuals, with SD (whiskers).

in agreement with Anderson et al.’s (2010) study which found
that similarity scores increased (i.e., had poorer matches) with
increasing deviance from an angle of 90°. A spot pattern technique to identify cheetahs also performed significantly poorer
when photographs were taken from different angles (Kelly
2001). We suspect that the poorer performance (73% correct
matches) of photographs taken during sessions 10, 30, 60, 180,
and 360 days after the 1st session is likely due to slight variation
in angles from which the photographs were taken. This result
highlights the need for very good-quality photographs, taken
at the same angle regardless of individual or location, when
using this approach. As wild Australian sea lions are difficult to
identify without the use of invasive methods, in the wild, it was
impossible to ground truth whether multiple photographs of the
same individuals were taken over time. Sea lions in captivity for
this study were already mature, thus testing changes in growth
stage has not been possible. Australian sea lions in controlled
environments were photographed at 1- and 2-m distances to
test this method with the highest quality photographs. Distance
did not alter matching success compared to 90° photographs at
the same distance. We believe that photographs taken at greater
distances will not alter matching success when high-quality
photographs focused on the muzzle are used. Wild individuals
are not permitted to be approached closer than 5 m for safety
reasons and to minimize human disturbance. Furthermore,
photos of captive Australian sea lions were taken with cameras
available to the respective institute, whereas wild individuals
were photographed with a 100–400 mm zoom lens, with greater
performance over increased distances.
The manual selection process of marking all whisker spots
means that the matching process is slower than using the

Fig. 8.—Box and whisker plots of averaged similarity scores of “matches” and “non-matches” of whisker spots of 16 individual captive Australian
sea lions (Neophoca cinerea) for a) 90° angle, b) 70°, 90°, and 110° angles, c) 1- and 2-m distance at 90° angle, and d) 10, 30, 60, 180, and
360 days from the first session at a 90° angle. “Matches” include comparisons of different photographs of the same individuals, whereas “nonmatches” are comparisons of photographs from an individual to those from all other individuals. The median is displayed as a black line, 90th
percentiles as vertical boxes, 75th and 25th percentiles as range bars, and outliers as black circles.
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Fig. 9.—Probability of correct/incorrect matches based on the similarity scores of whisker spot patterns of 16 captive Australian sea lions
(Neophoca cinerea) at a 90° angle (n = 90).

original design of the software on polar bears or lions (Anderson
et al. 2010). In matching through visual inspection, biases and
error can be introduced by a person’s perception and level of
experience (Oliveira-Santos et al. 2010). Matching through
visual inspection is also labor-intensive, can be expensive, and
may be exposed to human error. The positive performance of
the semiautomated processing illustrates that the software can
decrease labor and improve cost efficiency. Verification of the
semiautomated matching process could be conducted by laying
a grid over whisker spot positions in matched photographs and
comparing the grid locations of the whisker spots manually to
confirm positive matches.
Application and recommendations.—The approach using
an adapted Chamfer distance transform has sufficient reliability to be applied to a small population size, when photographs are taken at 90°, without tilt, and are of high contrast
and quality. However, we believe that keeping photographs
taken at other angles and suboptimal quality photographs on
record in the library may improve the chance of reidentifying
an individual (Kelly 2001; Hillman et al. 2003; Arzoumanian
et al. 2005). Information content for pattern matching can be
increased by adding other features to improve identification,
such as forehead spot patterns in leopards (Miththapala et al.
1989). Pinniped flipper shape and nicks can be individually
specific and offer an additional feature for discriminating
individuals. This was previously found to be the most useful
feature in identifying Hooker sea lions (Phocarctos hookeri—
McConkey 1999). However, a limiting factor in photographing
all flippers of Australian sea lions is their tendency to tuck them
under the body or cover them with sand, thus this information
was not collected. As photograph angle was the greatest cause
of reduced matching success, we recommend exploring the
effectiveness of the Groth algorithm for pattern matching as an
alternative technique as for whale sharks (Rhincodon typus—
Arzoumanian et al. 2005). This approach compensates for distortion in patterns using geometric relationships between spots,

similar to how astronomers identify star constellations and the
position of stars in relation to other stars (Groth 1986).
In summary, this new technique for identifying Australian
sea lions can be used for small populations or resident communities. Australian sea lions often occur in small colonies that are
distant from each other (Goldsworthy and Gales 2008). In conjunction with capture–recapture models to estimate colony size,
this method can be used for assessment of localized habitat use
and residency in localized areas. Determining the population or
resident community size and their areas of use can then be fed
into management and conservation of the species, in particular
in allocating and defining management zones for high human
use areas. The method also provides a way of monitoring these
animals over long time periods without the need for capturing
and invasively marking the animals. Finally, this point-pattern
recognition application may also work for other otariid species.
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Difﬁculties identifying Australian sea lions (Neophoca cinerea)
in the wild using whisker spot patterns
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Abstract. Individual identiﬁcation is a beneﬁcial tool in behavioural and ecological research. In mark–recapture
studies, for example, it can improve abundance, residency and site ﬁdelity estimates. Two non-invasive, photoidentiﬁcation approaches, using whisker spot patterns, were tested to identify wild individual Australian sea lions
(Neophoca cinerea). The Chamfer distance transform algorithm has shown promising results when applied to captive
individuals. An alternative matching method using row/column locations of whisker spots, previously applied to lions
(Panthera leo) was also tested. Resighting wild N. cinerea in this study proved unfeasible with both methods. Excessive
variation between photographs of the same individual was found when applying the Chamfer distance transform, and
similarity between photograph-pairs appeared to decrease with increasing time between photographs. Insufﬁcient
variation among N. cinerea row/column pattern was detected to successfully discriminate among individuals, averaging
39 mystacial spots (range 30–46, n = 20) in seven rows and 9–10 columns. Additionally, different observers marking the
same photographs introduced considerable variation. Colour difference (red, green and blue colour levels) between the
whisker spots and surrounding fur affected marking spot locations signiﬁcantly, increasing uncertainty when contrast
decreased. While other pattern-matching algorithms may improve performance, accurate identiﬁcation of spot locations
was the current limitation.
Additional keywords: pattern matching, photo-identiﬁcation.
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Introduction
Ecological studies of animal residency, movement patterns,
population estimates and demographics signiﬁcantly beneﬁt
from identiﬁcation of individuals within a population. For
instance, reidentifying individuals allows animal behaviours
and movements to be tracked over time. By obtaining a robust
sample of these reidentiﬁcations (or resights) from a population,
accurate population and demographic parameter estimates can
be obtained using mark–recapture statistical approaches (Seber
1982).
In species that have unique morphology or markings, such
as scars or fur patterns, photo-identiﬁcation has been a useful,
non-invasive tool for identifying individuals (e.g. Würsig
and Würsig 1977; Hiby and Lovell 1990; Whitehead 1990;
Würsig and Jefferson 1990; Gowans and Whitehead 2001;
Parra and Corkeron 2001; Dixon 2003; Ardovini et al. 2008).
In species lacking such readily recognisable features, unique
marks have been applied more invasively. These methods,
including tagging or branding individuals, usually require

capturing and handling animals to apply the marks (Troy et al.
1997; Walker et al. 2012) and can cause stress and a risk of
infection of the marked area. In some species, however, less
prominent features have been found applicable to use as
alternative non-invasive marks to identify individuals. For
instance, in lions (Panthera leo) and polar bears (Ursus
maritimus), whisker spot patterns have successfully been used
to identify individuals over long-term periods (Pennycuick
and Rudnai 1970; Anderson et al. 2007; Anderson et al. 2010).
Whisker spot patterns have also assisted in identifying
individual leopards (Panthera pardus kotiya) (Miththapala
et al. 1989) and Hooker’s sea lions (Phocarctus hookeri)
(Beentjes 1989).
Whisker spot patterns have been considered ‘unique’,
having sufﬁcient information to identify 92% of P. leo and
98% of U. maritimus of the populations examined (Pennycuick
and Rudnai 1970; Anderson et al. 2007). In P. pardus kotiya,
91% of examined individuals were distinguishable by their
whisker spot patterns. However, using additional patterns in
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fur was suggested to increase the probability of distinguishing
individuals (Miththapala et al. 1989).
Two different approaches have been applied for species
in which whisker spot patterns have been used for individual
identiﬁcation. In P. leo, the locations of whisker spots in the top
row relative to those in the second row (on both sides of
the muzzle) have been used (Pennycuick and Rudnai 1970). The
second row has been used as a reference row to determine the
location of the top whisker spots in its quadrants, which has
been achieved by drawing the top two rows on gridded paper
(Pennycuick and Rudnai 1970; Kays and Patterson 2002; Ogutu
et al. 2006). Similarly, the location of whisker spots in three
rows in relation to a reference row have been used in P. pardus
kotiya (Miththapala et al. 1989). In contrast, no such consistent
reference row is available in U. maritimus, and instead, all
whisker spots available have been used for pattern matching.
In fact, using all available whisker spots increased the
information content available for identifying an individual (i.e.
including all whiskers made the pattern more distinctive). The
method used in U. maritimus is based on comparing whisker
spot patterns, by standardising them using three reference
points. Differences between two whisker spot patterns are
then determined using a Chamfer distance transform algorithm,
comparing the distances between standardised whisker spots
within one pattern to those in another pattern. A distance score
indicates how similar two patterns are to each other. The lower
the distance score, the higher the similarity between two patterns,
i.e. the higher the probability of a resighting (Anderson et al.
2007). Following this method, a recent study showed that
in controlled conditions, using captive Australian sea lions
(Neophoca cinerea), whisker spot patterns contain sufﬁcient
information for individual identiﬁcation in small populations,
and matching success was relatively high (Osterrieder et al.
2015a). This method has, however, not been tested for
reidentifying individuals in the wild.
N. cinerea is an endangered species with several populations
decreasing, and is endemic to South and Western Australia.
For many N. cinerea colonies, there is limited information on
population trends and demographics (Goldsworthy 2015). This
is often insufﬁcient for their effective long-term conservation.
There are six haul-out islands in the Perth metropolitan area
that are used only by male N. cinerea, predominantly outside the
breeding season (Gales et al. 1992). Little is known about the
abundance, residency and movement patterns of N. cinerea
residing in this area. The high variability of N. cinerea hauling
out at a given time means that careful planning is required for
count data to be used as abundance indices (Gales et al. 1992;
Osterrieder et al. 2015b). Identifying individual N. cinerea
would therefore be a valuable tool with which a better
understanding of the subpopulation’s movement and residency
patterns can be gleaned to inform management and conservation
strategies and improve their effectiveness.
The overall aim of this study was to apply and test the
performance of the Chamfer distance transform method to
identify and resight individual N. cinerea in the wild. This
study also explored the potential of applying a method similarly
to that used in P. leo as an alternative, potentially simpler
approach, based on row/column locations of whisker spots.
The aims were achieved by: (1) mapping out the composition
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of whisker spot patterns from a sample of wild N. cinerea,
(2) testing whisker spot pattern matching using the Chamfer
distance transform and row/column mapping as a photoidentiﬁcation technique for wild N. cinerea in the Perth
metropolitan area, (3) identifying whisker spot occurrence of
row/column locations and uncertainty in detection by a single
observer, (4) quantifying the variation in detecting whisker
spots among multiple observers, and (5) identify whether
consistency in identifying the presence of spots among observers
was associated with colour differences between whisker spots
and surrounding fur.
Materials and methods
Study sites
Male N. cinerea are known to haul out on six islands in the Perth
metropolitan area, Western Australia, between breeding seasons
(see ﬁg. 1 in Osterrieder et al. 2015a). Most islands are small
and have fewer than 10 N. cinerea hauling out at one time
(Department of Parks and Wildlife (DPaW), unpubl. data).
However, over 30 N. cinerea have been documented to haul out
during peak periods on the two most-used haul-out islands in
this area: Seal (32.29S, 115.69E) and Carnac (32.12S,
115.66E) Islands (Gales et al. 1992; Osterrieder et al. 2015b).
The relatively large numbers of N. cinerea on Seal and Carnac
Islands provide a greater opportunity to obtain a relatively large
photo-ID sample size (per unit effort) than at other islands.
Therefore, Seal and Carnac Islands were selected as the study
sites. The breeding islands in the Houtman Abrolhos Islands
(~28.7S, 113.7E) are ~60 km off Geraldton, Western Australia
and ~400 km north-west of the haul-out islands in the Perth
metropolitan area. The Houtman Abrolhos Islands were added
as study sites to increase the sample size of whisker spot
photographs of wild individual N. cinerea.
Collection and selection of photographs
Whisker spot photographs were taken during 35 ﬁeld days in the
Perth metropolitan area (16 days at Carnac Island and 19 at
Seal Island, between 20 November 2013 and 6 June 2014), and
during two ﬁeld days at the Houtman Abrolhos Islands (9 and
10 April 2013). N. cinerea were approached with care to limit
disturbance and were not approached closer than 5–10 m, which
is the required minimum distance the public is to maintain
according to guidelines (DEC 2007; DEC and Fisheries 2011).
The lateral sides of the muzzles (90 to the camera’s direction
of view) were photographed as described in Osterrieder et al.
(2015a). Lateral photographs of N. cinerea muzzles were taken at
a range between 5 and ~50 m using a Canon EOS 550D with a
100–400-mm zoom lens (Canon, Tokyo, Japan). Beyond 50 m,
the quality of photographs has been shown to be too poor to
identify U. maritimus and used as a guide in this study (Anderson
et al. 2007). Photographs were taken as close to 90 as possible,
without tilt and of the left and right sides of the muzzles when
possible. To aid in correctly identifying two photographs of an
individual as a match (a resighting), photographs of the whole
body of an individual were taken when possible in addition to
the whisker spot photographs. These supplementary photographs
may contain additional information for the individual, such as
scarring, age and overall size.
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To map out the general composition of whisker spot patterns,
photographs of N. cinerea’s muzzles were chosen from a
single ﬁeld day, 15 February 2014, in the Perth metropolitan
area to ensure that the same individuals were not resampled
(unknowingly on different days). It was assumed unlikely that
hauled-out (i.e. typically resting) N. cinerea would haul-out and
travel between Seal and Carnac Islands, which are 19 km apart,
within the 7-h timeframe that the photographs were taken. The
15 February was selected because the largest number of
individuals were photographed on Carnac and Seal Islands on
that day. Similarly, photographs of N. cinerea at the Houtman
Abrolhos Islands were added from only one day, 10 April 2013,
to increase the sample size without resampling from the same
location. It is not known whether N. cinerea move between
Houtman Abrolhos Islands and the Perth metropolitan area.
The distance of 400 km between these study sites is relatively
large. In addition, the Perth region consists only of what could
possibly be a group (the males) of the population at the
Houtman Abrolhos Islands. While the time between sampling
dates of 10 months is relatively large (allowing time to travel
between locations), the likelihood of the same N. cinerea being
photographed twice was assumed to be small.
Photographs were selected for analysis by removing poor
quality photographs. Photographs that were poor quality were
deﬁned as those that were out of focus, taken at a different angle
than the approximate 90 to the animal’s muzzle, or were tilted.
Whisker spots were not always clearly visible to be marked
and conﬁdence in the accuracy of marking was reduced
accordingly. In extreme cases, such as a muzzle completely
covered by sand, the photograph was discarded. In other
studies, poor-quality photographs have been shown to result
in comparatively poor matching results due to low visibility
of natural marks (Gowans and Whitehead 2001; Stevick et al.
2001; Kelly 2001; Hastings et al. 2008) – whisker spots in this
case. For most N. cinerea, it was possible to photograph only
one side of their muzzle, and therefore photographs of the side
having the largest sample size were used.
The total number of individuals photographed was recorded
on each ﬁeld day, based on their haul-out locations and
movements during the period of photographing. However,
individual N. cinerea were not distinguishable from each other
on different ﬁeld days by ﬁeld personnel, and the total number
of individuals over all ﬁeld days was unknown. ‘Individuals’
referred to in the section below describing pairwise matching
were the individuals photographed on any single day (which
could be the same individual on a different day, but is considered
a ‘different individual’ for describing methods for matching).
Application of the Chamfer distance transform method
for identiﬁcation
Preparation of photographs for matching using
the Chamfer distance transform method
All procedures to prepare selected photographs for the
matching process followed the description in Osterrieder et al.
(2015a). Photographs were cropped in Adobe PhotoShop
Elements 11 to include the required section of each image.
Photographs were then added to a database (‘library’) in software
previously used for whisker spot identiﬁcation in U. maritimus
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(Anderson et al. 2010), and adapted for use for N. cinerea
(Osterrieder et al. 2015a). Three reference points, consisting of
the inner corner of the eye, the corner of the nostril and the edge
of the mouth, and all visible whisker spots were marked
manually (Osterrieder et al. 2015a). Where an exact spot location
was difﬁcult to determine, the corresponding whisker was
traced back as close to the origin as possible to identify the
whisker spots.
The software standardised all photographs to each other using
the selected reference points, so that the eye was at a spatial
coordinate of (0, 0), the nose at (1, 0) and the mouth at (0.5, 0.5)
as in Osterrieder et al. (2015a).
Pairwise matching of photographs method
The software calculates distance scores between pairwise
matched individual photographs, based on a Chamfer distance
transform (Anderson et al. 2010; Osterrieder et al. 2015a). The
lower the distance score, the greater the similarity between
two matched patterns. In this study, it was often possible to
take several photographs of an individual in a single approach.
Multiple photographs were taken to maximise the likelihood
that one or more photographs met the required conditions of
angle and tilt (Osterrieder et al. 2015a). These photographs
were all placed in a software library and all photographs taken
that could be conﬁrmed as being of the same individual (e.g.
multiple approaches of an individual that had not moved
throughout the day, or multiple photographs from a single
approach to one individual) placed into an individual’s folder.
Each individual’s photographs in the ﬁnal library were pairwise
matched with other individuals, producing a distance score for
each comparison. The software tests two groups of photographs
(all those of Individual A with all those of Individual B)
and provides the best matching score (i.e. that with the lowest
distance score) for the pair.
The same software settings used by Osterrieder et al. (2015a)
were used for this study, which included an offset of 0.07 and
step size of 0.005. The offset accounts for misalignments of
whisker spots in different photographs by shifting spots from a
pattern to align with spots of a pattern being matched to improve
the match. The step size determines the amount a pattern can be
shifted during the matching process.
Thresholds to identify matching pairs of photographs
using the Chamfer distance transform method
Distance scores were calculated for photographs of
individuals taken on a single day to obtain the range of scores
for conﬁrmed ‘matches’. Distance scores from comparisons
of photographs of different individuals on the same day were
calculated to obtain the range of scores for conﬁrmed ‘nonmatches’. Due to the non-normal distribution of the data
according to a Shapiro–Wilk normality test, a Mann–Whitney
U-test was used to test for differences of distance scores
of conﬁrmed ‘non-matches’ and conﬁrmed ‘matches’. These
distance scores were also used to identify a threshold of scores
that would likely represent correct positive matches. On the
basis of these scores, the probability of pairwise matches being
correct matches or non-matches was calculated and plotted,
and the distance score for 50% probability of a match estimated.
Pairs with distance scores below the 50% probability (of not
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being a match; i.e. scores indicating more similar patterns) were
considered ‘more likely’ to be true matches, and were selected
for manual (visual) inspection to conﬁrm or reject the match. The
50% probability threshold was selected to allow for a thorough
manual veriﬁcation of potential pairs that exhibited a higher
probability of being a match. As a preliminary stop–go test, the
manual checks were conducted only on pairs more likely to be a
match. It was deemed that if the method was not successful in
matching individuals with scores 50% probability of being a
match, it would be less likely to be successful using the remaining
photographs. Scores larger than the threshold were discarded as
they were more likely to be false matches.
Variability between photographs of the same individual
using the Chamfer distance transform method
To assess variability among sequences of photographs of
the same individual, the distance scores of pairwise matched
photographs of a single individual taken throughout the day
were compared. This allowed the investigation of variability
between photographs taken within short (within seconds)
succession, to assess the impact of recomposition (altering
position or orientation of either camera or subject and potentially
light conditions) on the matching performance.
Manual veriﬁcation of photographs to identify correct
matches
Two steps were used to manually compare individual
N. cinerea and their patterns, which resulted in distance scores
below the 50% probability threshold (described above). For
both steps selected photographs of individuals were compared
by manual inspection by an observer, and identiﬁed as the
same or different individual based on qualitative evaluation.
If identiﬁed as the same individuals, then this match was
considered a resight.
(1) First, photographs were searched for little marks, spots
and scars (other than whisker spot patterns), and identifying
features compared across photographs. Age variation of
individuals was also compared between photographs, and
if the age variation was too large for the time difference
between the photographs, these were considered as different
individuals (i.e. an individual photographed as an adult
cannot be photographed as a juvenile a few months later).
Male N. cinerea change their fur colour when maturing,
which therefore gives an indication of the individual’s
age. The age category (adult, subadult or juvenile) was
determined based on fur colour and size of an animal (Gales
et al. 1992; Jefferson et al. 2011; Osterrieder et al. 2015b)
and the date and location of the sighting was documented.
(2) Whisker spot patterns were compared through manual
inspection, by plotting the coordinates of the whisker spots
of matched photographs on top of each other in different
colours on a gridded space. In addition to this, whisker
spot patterns were compared by comparing cells used for
estimating information content in whisker spot patterns by
Osterrieder et al. (2015a). Grids with 0.0625 cell width
and 0.025 cell height were previously determined to be the
best-ﬁtting grid size for this method and species (Osterrieder
et al. 2015a).
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Following manual veriﬁcation of ‘Matches’ (conﬁrmed
resighting), ‘Non-matches’ (conﬁrmed rejections) and
‘Unconﬁrmed matches’ (no conﬁrmed resightings or
rejections), a Mann–Whitney U-test was used to test for
differences of distance scores between these categories.
Additionally, comparisons of distance scores were conducted
between individuals with wet and dry muzzles. Mann–Whitney
U-tests (exact distribution method in cases of small sample
sizes) were applied to test for variations in distance scores of
‘Matches’, ‘Non-matches’, and ‘Unconﬁrmed matches’ in
pairs of wet–wet, wet–dry and dry–dry pairs of photographs.
Mann–Whitney U-tests were applied due to the non-normal
distribution of the data according to a Shapiro–Wilk normality
test.
Identiﬁcation using row-column locations
Processing of photographs, analysing occurrence of
whisker spots
All visible whisker spots on the selected photographs were
manually marked in Adobe PhotoShop Elements 11. Lines
tracing the rows and columns of whiskers were added to facilitate
allocation of whisker spots to rows and columns (Fig. 1). This
was carried out by manually ﬁtting a line through the points in
which the spots most closely aligned. The average and standard
deviation, as well as minimum and maximum numbers of
whiskers occurring in each row and column was then calculated,
and a general schematic of the composition of whisker spot
patterns (i.e. in rows and columns) was drawn based on these
results.
In addition to documenting the presence and absence of
whisker spots at each row/column location (e.g. presence/absence
of a spot in Row A, Column 2) (Fig. 1), a qualitative score was
allocated based on whether there was uncertainty as to whether

RA
RB
RC
C10
C9

RD

C8
C7
C6

RE
C5

RF
C4
RG

C1

C2

C3

Fig. 1. General whisker spot sketch based on 20 individual wild
N. cinerea, ordered from Row A (RA) to G (RG) and Columns 1 (C1) to
10 (C10). Black spots indicate those present in >80% of photographs, grey
spots indicate those in 30–80% of photographs. Rows A–G are illustrated by
red lines and Columns 1–10 by light blue lines. Whiskers may also occur
above the eye.
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a row/column location contained a spot. Uncertainty in a spot’s
presence occurred as a result of spots being hidden by fur and
the corresponding emerging whiskers being thin and short, or
whiskers overlapping and masking the spots and whiskers
being evaluated (Osterrieder et al. 2015a). In cases where
presence or absence of a spot or whisker could not be deﬁnitively
determined, it was marked as an uncertain.
The frequency of individuals having spots at each row/column
location was quantiﬁed to identify areas of consistency and
variation among individuals. The frequency was mapped as the
percentage of whisker spots occurring at each row/column
location of the total photographs evaluated. The frequency in the
uncertainty of determining the presence of whisker spots at
each row/column location was also mapped to identify areas of
high certainty. A cross-correlation was conducted to pair-wise
compare all different patterns to determine differences and
matches between all whisker spot patterns. Cross-correlation
was also carried out after removing all locations showing an
arbitrary chosen value of >10% uncertainty of a row/column
location showing a spot.
Observer variability
Observer bias has been shown to affect the results of photoidentifying individuals (Oliveira-Santos et al. 2010). It is
reasonable to assume, however, that multiple observers in
various studies over time would apply this photo-identiﬁcation
method if this approach of whisker spot pattern matching
proved useful. Therefore, different operators were asked to select
all whisker spots in selected photographs (selection criteria
described below) to examine the consistency in marking the
spots. The lead observer in the overall study, plus ﬁve
experienced marine mammal observers marked all visible
whisker spots on each of 10 selected photographs (independently
from each other). Photographs included varying whisker spots
and fur colouration, animals at different stages of maturation, wet
and dry muzzles, and two images of a single individual taken
at different times (the photographs were marked randomly,
and those of the same individual over time were not marked
immediately after each other). As training, the observers were
supplied one additional photograph before marking the
following images. All observers had a minimum of three years’
experience working in marine biology projects and three had
been involved in photo-identiﬁcation of other marine mammals
previously.
Analysing uncertainties of marking whisker spots
N. cinerea possess different fur colours between sexes, and
while both sexes change fur colour as they mature from pups to
juveniles, males also change fur colour as they progress from
juveniles to adults. As a result, the difference between the colour
of the whiskers, whisker spots, and fur vary depending upon
the age and sex of the animals. In comparison, U. maritimus and
P. leo exhibit light fur colours and dark whisker spots throughout
their lives and between sexes.
To determine the impact of fur colour in selecting whisker
spots, the colours (Red, Green and Blue) of whisker spots were
compared with surrounding fur. There are various metrics that
could be calculated to quantify the contrast. The authors chose
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to do this by calculating the Root-Mean-Squared (RMS)
difference of the Red (R), Green (G) and Blue (B) levels
between the ‘spot’ and surrounding ‘fur’. Calculating the RMS of
the RGB levels to quantify contrast has been used successfully
in various applications (such as in Pallottino et al. 2010; to
determine hazelnut peeling). This study used the following
implementation, Eqn (1):
RMS ¼
sﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃ
1X
ðRspot  Rfur Þ2 þ ðGspot  Gfur Þ2 þ ðBspot  Bfur Þ2
3
where Rspot is the mean value of the red component (0–255) of
the spot and Rfur is the mean value of the red component of the
fur, with the same principle applied to green (Gspot and Gfur)
and blue (Bspot and Bfur) components. The mean levels were
calculated from user-deﬁned areas of the spot and surrounding
fur. The user attempted to deﬁne a similar ratio of spot area to
surrounding fur area throughout the markings to limit bias. The
spot itself was used as a mask to exclude those pixels in the
calculation of the RGB mean levels of the fur. To calculate
the RGB mean levels, six whisker spots were chosen in a
stratiﬁed approach from each of the 10 photographs marked
by six observers. The rationale of the stratiﬁed approach was to
choose three of these whisker spots marked by 5–6 observers
and three spots marked by 1–4 observers. To ensure that pooling
of whisker spots marked by 1–2 and 3–4 observers was validated,
a Mann–Whitney U-test was performed, and groups not
signiﬁcantly different from each other were subsequently
pooled. The RMSs of the RGB mean levels were then compared
by applying a Mann–Whitney U-test between whisker spots
marked by most or all observers with those marked by low
number of observers. The Mann–Whitney U-test was used due
to the non-normal distribution of most groups according to
a Shapiro–Wilk normality test applied beforehand. Where
possible, spots for colour extraction were chosen if no other
whisker was overlaying the area and the whisker spot was
clearly visible. Where these spots were not available the pixels
comprising overlaying whiskers were included in the analysis
as this contributed to the variation in RGB levels that the
observer used to discriminate between to identify the whisker
spot.
All analyses were carried out and ﬁgures produced in Matlab
R2014a. This work was conducted under a Department of Parks
and Wildlife permit (no. SF009371) and university animal
ethics approvals (AEETH24/11 granted by Victoria University,
Melbourne and AEC_2013_32 granted by Curtin University,
Perth).
Results
Composition of whisker spot patterns
Photographs of a total of 76 N. cinerea were selected to
determine the general composition of whisker spot patterns,
including 44 N. cinerea from the Houtman Abrolhos Islands, 17
from Seal Island and 14 from Carnac Island. A larger number
of good-quality photographs were available of the right side
of N. cinerea, and therefore were selected for analyses. Of the
photographs of the right side of the animals, good-quality
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photographs of whisker spot patterns were available from a total
of 20 individuals: eight from Houtman Abrolhos, four from Seal
Island, and eight from Carnac Island.
The general whisker spot pattern composition of N. cinerea
consisted of seven distinct rows of mystacial whisker spots
(Rows A–G in Fig. 1), ordered in 9–10 columns (Columns 1–10
in Fig. 1). Some individuals also had whiskers above the eye.
Based on 20 individuals, the mode of whisker spot numbers in
N. cinerea was 40, ranging from 30 to 46, and on average 38.8
(3.4, s.d.). There were 0–2 whiskers above the eye, called
superciliary whiskers.
Application of the Chamfer distance transform method
for identiﬁcation
A total of 2884 photographs of N. cinerea were taken for
individual identiﬁcation between November 2013 and June 2014
– 1171 on Carnac Island and 1713 photographs on Seal Island, to
test the application of spot pattern matching in wild N. cinerea
based on the Chamfer distance transform algorithm (Osterrieder
et al. 2015a). As before, a greater number of individuals
were photographed from the right-hand side. Therefore, only
photographs taken from this side were considered for matching.
A rigorous selection due to the stringent criteria for photographs,
to be at 90 without any tilt, for successfully matching captive
individuals (Osterrieder et al. 2015a), resulted in a library with
135 photographs of 66 N. cinerea. Of these, 25 individuals
were photographed on Carnac Island and 41 on Seal Island.
Multiple photographs existed for 45 individuals, with up to ﬁve
photographs for each of these.

whisker spot patterns coming from the same individual as from
two different individuals) at a score of 0.02 (Fig. 3). Therefore,
all compared photographs with distance scores 0.02 were
manually checked to identify whether they were a correct match
and considered to be of a resighted individual.
Variability between photographs of the same individual
Distance scores (n = 105) of multiple photographs of the same
individual (49 individuals) resulted in an average score of
0.01747 (s.d. = 0.006434). These distance scores varied
considerably, also when two matched photographs of the same
individual were taken within a few seconds of each other (Fig. 4,
higher scores mean they were less similar). The high variability in
scores, with several scores exceeding the threshold of 0.02,
100
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Distance scores varied signiﬁcantly (Z = 21.8697, P < 0.001)
between multiple photographs of the same (conﬁrmed match,
number of scores = 332) and different (conﬁrmed non-match,
number of scores = 1080) individuals taken on the same day
(Fig. 2). Comparison of these distance scores resulted in an
approximate 50% probability of a false positive match (a score at
which there is an approximately equal probability of the two
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Fig. 3. Probability of conﬁrmed matches and conﬁrmed non-matches based
on the distance scores of whisker spot patterns calculated using the Chamfer
distance transform algorithm. Distance scores of pattern comparisons are
based on multiple photographs of an individual taken on a single day and of
known different individuals on the same day (n = 135 photographs of 66
individual sea lions).
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Fig. 2. Box-whisker plots of the distance scores of conﬁrmed ‘matches’
(same individual, no. of scores = 332) and conﬁrmed ‘non-matches’ (different
individuals, no. of scores = 1080) of whisker spot patterns photographed on
the same day. The median is shown as a black line, 25th and 75th percentiles
as vertical boxes, 90th percentiles as range bars, and outliers as black crosses.
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Fig. 4. Distance scores of whisker spot patterns between pairs of
photographs of the same individuals taken within 70 s of each other. Ten
scores beyond 70 s were excluded from the ﬁgure for display purposes (four
data points around 150–250 s, four data points around 800 s, and two data
points around 1400 s).
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occurred up to a time difference of 50 s between tested
photographs, after which the sample size was very small and
therefore not presented (n = 10 after 70 s, maximum duration
between photographs = 23.48 min). Although taken within a
short succession of each other, distance scores of >0.02
between photographs occurred throughout the entire period
of 70 s, showing that an individual cannot be identiﬁed reliably
in the wild (Fig. 4).
Manual veriﬁcation

Scaled distance - mouth to eye

Out of the total 66 tested individuals, 128 comparisons
involving 38 individuals (unconﬁrmed matches or unconﬁrmed
non-matches) had distance scores 0.02, with up to 19 potential
matches (i.e. resightings) per individual. After manually
(visually) inspecting these 128 comparisons to verify or reject the
match (example in Fig. 5), 82 of the matches with a distance score
of 0.02 were rejected and classed as conﬁrmed ‘non-matches’.
Rejections were mainly based on the age gap of the individuals
matched being impossible (e.g. a bull being resighted as a
subadult). There were also a few individuals photographed on the
same day and documented as a different individual. Scars large
enough to be easily noticed were rarely seen and scars were
therefore not helpful for manual veriﬁcation of potential matches.
None of the potential matches, based on their whisker spot
patterns, from different days that were visually inspected could be

conﬁrmed as a ‘match’ (i.e. a resighting). Therefore the remaining
46 matches could neither be conﬁrmed nor rejected as resightings,
and were classed as ‘unconﬁrmed’ matches (example in Fig. 6).
The 10 lowest distance scores ranged from 0.0147 to 0.0162, and
resulted in ﬁve conﬁrmed non-matches and ﬁve unconﬁrmed
matches. The plotted patterns, neither as ﬁlled cells in a grid nor
as dots on top of each other, supported a clear decision as
to whether a N. cinerea had been sighted previously (Fig. 6,
example of a ‘match’ and ‘non-match’ in Figs 7 and 8). The
distance scores of rejected matches, i.e. conﬁrmed non-matches,
were similar to the scores assigned to unconﬁrmed matches
(Fig. 9) (Z = 0.3358, P > 0.05). The conﬁrmed non-matches and
unconﬁrmed matches plotted as cells or spots on a scaled grid
proved too variable to decipher the pattern visually to be able to
conﬁrm a resighted individual.
Variability between photographs of wet
and dry individuals
The library to test the effects of whether the individual had wet
or dry fur included photographs of 18 wet individuals, of which
nine individuals resulted in 66 distance scores of 0.02 when
compared in pairs. These matches included 14 pairs of both wet
individuals and 52 pairs of which one individual was wet and the
other dry. Ten of the wet–wet matches could be conﬁrmed as nonmatches and four resulted in unconﬁrmed matches, whereas of the
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Fig. 5. Standardised whisker spot patterns of Individuals A–F, index numbering the good photographs available for
each individual. Black cells represent cells containing whisker spots, empty cells mark the absence of spots. Example
of Individual A (bold) pairwise matched with all individuals in the ﬁnal library. B–F are individuals, each returning at
least one spot pattern matched with a distance score 0.02 (numbers in parentheses show distance scores to A1, the
lowest score resulted for the combination of individuals). Panels without distance scores show spot patterns of other
photographs available to aid the matching process. Individuals C and E are unconﬁrmed matches and individuals B,
D and F conﬁrmed non-matches with individual A (based on age classes). Only spots between the reference points
of the corner of the inner eye [0,0], nostril [1,0] and edge of mouth [0.5,0.5] are shown.
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Fig. 6. ‘Unconﬁrmed’ matches of A1 (top photograph) with C2 (middle photograph) and E1 (bottom photograph) after visual inspection of all potential
matches (distance score  0.02) in the library (Fig. 4). Standardised spot patterns were plotted on top of each other to aid visual comparison of A1 and C2 (top grid)
and A1 and E1 (bottom grid), including spots beyond reference points of the corner of the inner eye [0,0], nostril [1,0] and edge of mouth [0.5,0.5]. Photographs
by S. Osterrieder.

wet–dry comparisons, 38 pairs were conﬁrmed non-matches and
14 pairs unconﬁrmed matches (Fig. 10). Pairwise comparison of
dry individuals resulted in 62 matched pairs with distance scores
0.02, of which 36 were non-matches and 26 pairs remained
unconﬁrmed matches. The variation of the distance scores was
similar amongst each group of comparison of wet–wet (W = 34.0,
P > 0.05, exact distribution method due to small sample size),
wet–dry (Z = 0.1654, P > 0.05) and dry–dry (Z = 0.5434, P > 0.05)
individuals (Fig. 10).
Identiﬁcation using row–column locations
Of 57 conﬁrmed mystacial whisker spot locations (i.e. at least
one of the 20 individuals had a whisker spot present at these

locations), 32 locations occurred in 18–20 individuals (90–100%)
(Fig. 11a). The remaining whisker spots were located in the
lower and upper column ranges of each row (Fig. 11a). Marking
the locations of visual uncertainties of whisker spots’ presence,
indicated highest uncertainties of whisker spots occurring
towards the lower and upper column ranges of each row,
particularly Columns 9 and 10 and Rows A, B and F (Fig. 11b).
Of the cells in the mystacial rows and columns, 35% had more
than 20% uncertainty, and 40% had more than 10% uncertainty
(Fig. 11). Whisker spots occurring in 5 individuals showed a
decreasing trend in uncertainty (i.e. whisker spots occurring in
most individuals had least uncertainty). Whisker spots occurring
in <5 individuals had variable uncertainty of a whisker spot’s
presence (Fig. 11c). A cross-correlation between all pair-wise
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Fig. 7. Example of a conﬁrmed match of two photographs of the same individual taken 1 s apart with a distance score of 0.0182 (top ID11 and bottom ID12,
photographs). The standardised marked cells of ID11 and ID12 indicate where whiskers are present on grids overlaid over the muzzle (top right). Black
cells represent cells containing whisker spots, empty cells mark the absence of spots. Only spots between the reference points are displayed. The bottom right
grid shows the standardised spot patterns of ID11 and ID12 plotted on top of each other, including spots beyond the reference points of the corner of the inner
eye [0,0], nostril [1,0] and edge of mouth [0.5,0.5]. Photographs by S. Osterrieder.

matched individuals resulted in 20 out of 20 individuals
having different whisker spot compositions of marked spots
from each other. After removing all whisker spot locations with
a nominally chosen uncertainty of >10% across all individuals,
12 out of the 20 individuals showed distinct whisker spot
compositions based on gridded locations.
Observer variability
There was considerable variation in the number of whisker
spots marked by the ﬁrst author and ﬁve additional observers
for 10 photographs of nine individual N. cinerea when
comparing the different observers’ marking of the same
individual photographs (Figs 12, 13, Table 1). Rematching of
the same individual appears unlikely if the two photographs
are analysed by different observers (Fig. 13, Table 1). Although
ID 8 showed the highest variation in terms of the number of
whiskers selected, ID 8 also showed the most consistent
marking amongst all observers according to the distance scores,
followed by ID 2 (relatively low distance scores) (Fig. 13). IDs 8
and 2 are both wet individuals with black fur colour and lightcoloured whiskers and light fur colour and dark whisker spots,
respectively (Table 1). ID 1 (another wet individual), followed

by IDs 5 and 6 (both dry individuals), individuals with similar
brown-coloured fur, whiskers and whisker spots, showed the
highest inconsistency in marking between the observers
according to the distance scores (Fig. 13, Table 1). IDs 4, 5 and
6 displayed the greatest range of whisker spot numbers between
observers and high standard deviations in the average number of
whiskers marked (Fig. 13, Table 1). Row A, followed by Rows
B and G, were the most inconsistently marked rows, as were
Columns 9 and 10 (Fig. 12), indicating that visibility of the
whisker spots was lower than in Rows C–F in the ﬁrst eight
columns.
Up to four eye whiskers were marked on most individuals by
at least one observer (except for on one photograph where
none were marked by all observers). On one photograph, ID 8,
each observer marked 2–3 whiskers above the eye (Table 1).
Up to ﬁve additionally selected mystacial whisker spots were
marked outside of the row/column locations. However, only one
of these additional whisker spots was marked by all observers.
All other additional whisker spots varied considerably between
observers, and usually only one or two observers selected
the same additional whisker spot. At times, the shadows of
overlapping whiskers were marked, which is why these additional
whisker spots were analysed separately.
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Fig. 8. Example of a conﬁrmed non-match of two photographs of different individuals with a distance score of 0.0188 (top ID12 and bottom ID21 photographs).
The standardised marked cells of ID12 and ID21 indicate where whiskers are present on grids overlaid over the muzzle (top right). Black cells represent cells
containing whisker spots, empty cells mark the absence of spots. Only spots between the reference points are shown. The bottom right grid shows the standardised
spot patterns of ID12 and ID21 plotted on top of each other, including spots beyond reference points of the corner of the inner eye [0,0], nostril [1,0] and edge of
mouth [0.5,0.5]. Photographs by S. Osterrieder.

RGB levels of fur and whisker spots
The mean difference in Root-Mean-Squared (RMS) of RGB
levels between whisker spots and surrounding fur was
signiﬁcantly greater for spots that were consistently marked by
most or all observers (5–6 of the six observers, number of
spots = 30) averaging 50.33 (30.0, s.d.) compared with spots
identiﬁed less consistently, by 1–4 observers, which averaged
26.61 (19.8, s.d.) (number of spots = 30; Z = 3.1417, P < 0.002).
Discussion
Identiﬁcation of individuals from their whisker spot patterns
was non-trivial. The variation between photographs of potential
resightings was similar to the variation between photographs
of different individuals. Two techniques were tested to assess
performance in correctly resighting individuals; however, under
the conditions of this survey, neither exhibited satisfactory
conﬁdence in resightings.
Variation between photographs of the same individual, which
were taken in short succession, increased with time between
photographs. This suggests that movements of N. cinerea and
the photographer alter the relative orientation between them and

the resulting identiﬁed spot pattern, such that rematching was
not possible with the Chamfer distance transform method. The
reduction in matching performance with time implies that as
time passes it becomes more difﬁcult to return to the original
relative orientation, possibly also changing light conditions
between photographs. Here, time (i.e. duration between
photographs) was effectively acting as a proxy for differences in
orientation between animal and photographer and the potential
differences in lighting conditions between photographs taken
in succession. While a direct relationship between these effects
and time has not been established, the premise is that as time
between photographs increases, so does the likelihood of
difference in, for example, orientation, position, muzzle lighting
and, in the extreme, subject state (for example, a dry subject
photographed entering the water and getting wet before the
second photograph, or rolling around covering itself in sand
before the second photograph). A reduction in performance was
also observed in tests with captive animals, although with a
reduction from 90% to 73%, it was not as pronounced as in this
study of wild animals (Osterrieder et al. 2015a).
Although individual N. cinerea showed variation in their
whisker spot pattern composition, the numbers of whiskers in
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similar to U. maritimus in that applying the pattern matching
method used in P. leo was inapplicable to N. cinerea, under the
conditions in this study.
When applying the Chamfer distance transform approach to
wild individuals, the probability of 50% of the matches being
false positives was determined to be 0.02, 33% higher than the
0.015 determined for captive individuals by Osterrieder et al.
(2015a). Photographs taken in controlled environments therefore
showed less variation than when taken in the wild. However, as
mentioned above, success rates decreased when matching
photographs taken over time of captive N. cinerea, showing that
repositioning caused differences in spot patterns even in
controlled environments (Osterrieder et al. 2015a). Orientation
of photographer and N. cinerea to each other appeared to be
too difﬁcult to duplicate with reliable accuracy for matching
purposes, both in the wild and in controlled surroundings.
In controlled environments and with trained individuals, 70%
of photographs taken on different days were matched correctly
using the Chamfer distance transform approach. In comparison,
unconﬁrmed matches and conﬁrmed non-matches of wild
individuals were not signiﬁcantly different in their distance
scores. Although only good-quality photographs were used,
small changes between photographs in N. cinerea position (how
they are holding their heads or lying on the sand), different light
conditions or slight variations in photograph angle appear to
introduce too much variation to enable resightings in the wild.
Observer bias was signiﬁcant in this study, resulting in
rematching even the same photographs unlikely if analysed by
different observers. The selection of the exact locations of the
reference points, particularly at the end of the mouth, varied
considerably among observers, contributing to variation in
detected whisker spot patterns when marked by multiple
observers. Three of the observers commented that marking
spots and determining exact locations of reference points was

each row and column were less variable than for P. leo
(Pennycuick and Rudnai 1970). In P. leo, the number of whiskers
occurring in the top row varied between zero and ﬁve, with 13
possible positions compared with the reference row below and
thus this variation could be used to identify individuals.
Additionally, the use of both sides of the muzzle provided
sufﬁcient information for a reliable photo-identiﬁcation method
(Pennycuick and Rudnai 1970). In U. maritimus, there was no
consistent row for this type of testing (Anderson et al. 2007). In
this study, there was a subtle difference from ﬁndings in
U. maritimus in that there was no row in N. cinerea that exhibited a
relatively high variability in occurrence in whisker spot location
that could also be consistently marked. Therefore, the reason was
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Fig. 9. Box-whisker plots of the distance scores of ‘Non-matches’
(conﬁrmed rejections) and ‘Unconﬁrmed’ (no conﬁrmed resightings or
rejections) of whisker spot patterns with distance scores of 0.02. The median
is shown as a black line, 25th and 75th percentiles as vertical boxes, 90th
percentiles as range bars, and outliers as black crosses.
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Fig. 10. Box-whisker plots of the distance scores of 0.02 between whisker spot patterns of wet and
dry individuals and their combinations, which resulted in ‘Unconﬁrmed’ (no conﬁrmed resightings or
rejections) and ‘Non-matches’ (conﬁrmed rejections). The median is shown as a black line, 25th and
75th percentiles as vertical boxes, 90th percentiles as range bars, and outliers as black crosses. Numbers
on top of each box show the number of distance scores for each category.
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Fig. 11. Top and middle panels: (a) no. of whisker spots’ presence based on
20 wild individuals (‘’ indicates locations in which whiskers are absent),
and (b) uncertainty of whisker spots’ presence (white indicates 0
uncertainty, and ‘’ indicates locations in which whiskers were absent with
0 uncertainty). The bottom row (Eye) represents the number of whiskers
occurring above the eye. Bottom panel: (c) uncertainty of a whisker spot’s
presence Frequency of mystacial whisker spots occurring (e.g. uncertainty
of 10 means that in 10 individuals it was uncertain if a whisker spot was
present) as a function of mystacial whisker spots occurring (e.g. an occurrence
of 15 means that 15 individuals had this whisker spot) plotted for 20
individuals (excluding superciliary whiskers).
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Fig. 12. Number of observers (n = 6) that marked whisker spots in Rows
A–G in Columns 1–10; where 10 whisker spot patterns (IDs 1–10) were
marked by the ﬁrst author and ﬁve observers experienced in marine science,
and the numbers of selected whisker spot locations summed (i.e. 1: one of
the observers marked a whisker spot at this location; 6: all of the observers
marked a whisker spot at this location). Note that Panels 4 and 9 were patterns
from two different photographs of the same individual.

difﬁcult. Photographs in which N. cinerea had closed eyes made
the ﬁrst reference point (the corner of the eye) more difﬁcult to
distinguish, and best guesses in these cases may have resulted
in inaccuracy in standardisations of the images. Applying the
row/column approach, however, showed that the areas of highest
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uncertainties detected by the main observer were the same areas
where inconsistencies were found between multiple observers.
Thus, the difﬁculty in marking the whisker spots was independent
of those found in marking the reference points. Whisker spots
located on the periphery of the populated area of the muzzle
presented the highest uncertainty of all spots when marked by
the main observer. At the same locations, inconsistencies in
detections of whisker spots occurred among observers. Several
studies have shown variations in photo-identifying individual
animals when different observers analysed the photographs
(e.g. Friday et al. 2000; Anderson et al. 2007; Oliveira-Santos
et al. 2010). Differences may occur when observers are less
experienced (Friday et al. 2000) or when photographs are poor
in quality. In this study all observers were trained scientists and
were given detailed instructions for marking, and only goodquality photographs were used. This supports the premise
that variation between different individual animals may be too
small and even the best photographs too variable to identify
N. cinerea in the wild in conditions similar to those of this study.
Variability in marking photographs can also occur when the
unique mark, or part of it, is inconspicuous or too similar to other
marks present (Friday et al. 2000; Anderson et al. 2007; OliveiraSantos et al. 2010). Comparing the distinctiveness of a whisker
spot within the surrounding fur showed that whisker spots
selected by most or all observers were more visible on an RGB
scale than whisker spots selected by few observers. This
association suggests that whisker spots may not have been
clearly discernible at certain locations, particularly the mystacial
whiskers in the top row, above the top row, and in the columns
close to the nostril. Due to the inconsistency in spot detection
among observers, Anderson et al. (2007) suggested identifying
unambiguous spots to ensure consistent selection of whisker
spots, in addition to using only high-quality photographs. For
methods that use the relative location of these whisker spots, this
method could be effective (if distortion from photographs taken
at slightly different angles does not affect accuracy). However,
if the method relies on the presence and absence of spots within
rows and columns, removal of inconsistent and uncertain
columns and rows for individual identiﬁcation would reduce the
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Fig. 13. (a) Average (dot), and standard deviation (lower and upper error
bars) of whisker spots marked by six observers on 10 different photographs
(IDs 4 and 9 are different photographs from the same individual). (b) Boxwhisker plot of distance scores for selected whisker spot patterns by six
different observers of the same photographs (IDs 1–10). ‘Total’ shows the
distribution of distance scores from all pairs (IDs 1–10). IDs 4 and 9 are
photographs of the same individual, taken on the same day, and ‘4:9’ shows
the distribution of distance scores from each observer matching the two
photographs of the same individual.

Table 1. Number of whiskers marked by six different observers on 10 photographs (IDs 1–10)
Range (minimum–maximum), mode, mean (s.d.) as well as the number of whiskers marked above the eye, and additional whiskers marked outside of
the row/column arrangement. Characteristics for each N. cinerea are given as the fur and whisker spot colour as well as wet or dry condition of the fur
and any other notable feature (and whisker colours generally light to dark brown unless stated otherwise). Note that IDs 4 and 9 were two photographs
of the same individual
ID
ID 1
ID 2
ID 3
ID 4
ID 5
ID 6
ID 7
ID 8
ID 9
ID 10

No. of whiskers
(range)

No. of whiskers
(mode)

No. of whiskers
(mean ± s.d)

No. of whiskers
eye (range)

No. of additional
whiskers (range)

35–41
37–45
37–46
27–38
28–40
30–41
31–40
33–43
29–38
26–34

35
38
41
27
32
34
31
43
31
30

37.3 ± 2.6
40.8 ± 3.5
41.6 ± 3.7
30.7 ± 4.1
33.8 ± 4.4
34.5 ± 3.8
33.0 ± 3.5
37.3 ± 4.5
32.3 ± 3.1
29.2 ± 2.9

0–4
0–1
0–2
0–2
0–3
0–3
0
2–3
0–2
0–1

0–5
0–1
0–3
0–3
0–2
1–5
0–2
0–2
0–3
0–2
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Characteristics:
fur, whisker spot colour, wet/dry, other
Dark brown, dark brown/black, wet
Light brown, dark brown/black, brown, wet
Dark brown, dark brown/black, dry
Light to dark brown, dark brown/black, dry
Brown, light to dark brown, dry, little bit sand
Brown, light to dark brown, dry
Light brown, light to dark brown, dry
Black, black, wet, white whiskers
Light to dark brown, dark brown/black, dry
Light to dark brown, dark brown/black, dry

N
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probability of a whisker spot pattern being unique. The highest
individual variability in whisker spot patterns occurred in the
areas of highest inconsistency in whisker spot selection
(Osterrieder et al. 2015a). However, some of this variation among
individuals in Osterrieder et al. (2015a) may have been caused by
inconsistent selection of whisker spots. Nonetheless, most
individuals in this study still showed unique patterns based on
row/column locations after removing areas of high uncertainties,
suggesting that differences in whisker spot patterns do occur in
wild N. cinerea. There was high variability in uncertainty of spots
with low numbers of occurrences, with some whisker spots
showing low uncertainty when occurring, and adding to the
variation of spot patterns detected. The rate of unique pattern
composition, 60% in 20 individuals, however, was lower than
found in photo-identiﬁcation methods in other species, e.g. 98%
in 50 individuals in U. maritimus and 92% in 25 P. leo
(Pennycuick and Rudnai 1970; Anderson et al. 2007) and while
the latter methods differed slightly from this study, the difference
in performance is tangible.
The contrast between whisker spots and fur is one of the most
obvious differences between N. cinerea and U. maritimus, P. leo
and P. pardus kotiya (Pennycuick and Rudnai 1970; Miththapala
et al. 1989; Anderson et al. 2007). In P. leo and P. pardus kotiya,
the black whisker spots are highly visible against the contrasting
pale fur colour, and the authors of the studies indicated that there
was little ambiguity in identifying their presence and absence.
With the greater accuracy of selecting presence and location of
whisker spots, smaller differences between individual patterns are
also easier to detect and greater information can be gleaned from
smaller areas. Among individual N. cinerea in this study, there
was a high variation in fur and whisker spot colours. This study
showed that the colouration in N. cinerea impacted the
consistency of marking whisker spots signiﬁcantly, with whisker
spots with higher colour variability to the surrounding fur being
marked by more observers.
The difference in RGB levels between the whisker spots and
surrounding fur was calculated conservatively in that only spots
that were perceived by the main observer were used. However,
whisker spots in N. cinerea can also be covered or partly covered
by fur, decreasing the area with colour differences available to
be detected, especially in those areas with smaller and thinner
whiskers (Ling 1977). Different light conditions can obscure
whisker spot marking as well by introducing glare or by
darkening sections of the muzzle on the photograph. Sand on the
muzzle of N. cinerea complicated marking as well, but muzzles
predominantly covered in sand were excluded from analysis.
Due to these difﬁculties, some spots may have been missed on
some photographs and manually marking of spot patterns may
have also introduced some variation. Some colour combinations
were particularly difﬁcult, speciﬁcally in cases where whiskers
and whisker spots blended in with the fur colour. The whisker
spot to fur colour difference appeared to be more pronounced in
wet than in dry individuals, with the whisker spot selection in
two out of three wet individuals showing consistency between
the observers. The photograph of the third wet individual
showed some sun glare in the top rows, contributing to the
difﬁculties of selecting the whisker spots. Although wet
individuals were marked with greater consistencies between
observers, there was still some marking variation in the
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columns towards the nostril as well as in the lower rows.
However, distance scores of wet and dry individuals did not
differentiate between these more easily marked matches, which
could not be ground truthed either.
In harbour seals (Phoca vitulina), the use of multiple
photographs for each individual in an automated matching
process using spot patterns in their fur increased matching
success signiﬁcantly (Hastings et al. 2008). It is possible that
the use of multiple photographs improves matching for
photographs with small variations (for example, minor changes
in lighting or shade, environmental conditions or animal–
photographer composition). However, in this study, while
many individuals had more than one good-quality photograph
available, the matching did not appear to be improved with
greater numbers of photographs. Furthermore, a larger number of
photographs had to be discarded due to the stringent selection
required. The low success rate of suitable photographs obtained
also presents limitations in this method in the ﬁeld.
Pinnipeds have well developed whiskers in regards to their
length and thickness, and are generally ordered in rows and
columns as is typical of mammals (Ling 1966, 1977; Miller 1975;
Ahl 1986). The numbers of mystacial whiskers per individual
recorded in this study was between values reported from two
previous studies, which reported 26 and 44–48 whiskers for
N. cinerea, respectively (data obtained from unknown sample
sizes: Ling 1977, 1992). Only one of the individuals marked by
six observers resulted in a mode as low as 27 mystacial whiskers,
and 45–46 whiskers were recorded as maximum values in this
study. Compared with those of U. maritimus and P. leo, the
whiskers of N. cinerea are more pronounced and frequently
overlap spots in rows below (Pennycuick and Rudnai 1970;
Ling 1977). This further explains the difﬁculty in selecting
some whisker spots in the lower rows – particularly Row G.
Two and three superciliary whiskers have previously been
recorded, which is consistent with this study although they were
detected by only a few observers (Ling 1977, 1992). Similar
to the infrequently selected mystacial whiskers, superciliary
whiskers often appeared inconspicuous within the surrounding
fur and were often missed.
Whisker spots outside the row/column locations add
information to patterns, making them more distinctive. However,
additional mystacial whisker spots, apart from one on a single
individual, were not usually selected by most observers and
increased the inconsistency in whisker spot detection. For
additional whisker spots to be useful, they need to be distinctive
and readily detectable by observers. On some occasions, the
shadows of whiskers gave the impression of additional
whiskers occurring; and on other occasions, very small and
short whiskers growing adjacent to the main whisker identiﬁed
for that row/column were marked. These detections added to
the inconsistency of marking whisker spots. More experience
in whisker spot selection with varying colour combinations of
fur, whisker spots and whiskers and light conditions could
reduce inconsistencies due to colour contrast. However,
difﬁculties in selecting whisker spots on photographs taken under
environmental conditions such as obscuring sand, light and
glare would still affect consistency, which could perhaps be
removed by considering these as poor-quality photographs. This
would, however, considerably limit the number of photographs
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available, or extend the time required to acquire photographs of
sufﬁcient quality.
The use of the Chamfer distance transform approach on spots
that can be consistently identiﬁed and are of high colour contrast
may overcome some limitations experienced in the previous test
of its application to wild N. cinerea. However, the variability in
patterns resulting from a smaller number of spots may potentially
limit the method to small colonies. If only consistent spots were
used and there was sufﬁcient uniqueness in the relative distances
between them, approaches that correct for distortion could have
some success. The Groth algorithm has successfully been used for
pattern matching in whale sharks (Rhincodon typus). It is based on
using triangles, matching the dimensions of all possible triangles
between selected spots, and may improve matching results
between photographs taken with slight angle variations (Groth
1986; Arzoumanian et al. 2005). The visual conﬁrmation of
potential resightings by either comparing plotted spot patterns
alone or by including the whole body was unsuccessful in this
study. An alternative method would need to overcome
uncertainties of conﬁrming matches or be sufﬁciently robust so
that visual checks would be unnecessary. Other possible
discrimination methods could include using other features such as
ﬂippers (McConkey 1999; McNally 2001). However, the hind
ﬂippers are rarely observed spread out and were deemed
unfeasible to be used for photo-identiﬁcation (by the authors).
Hence, this method, previously used in Hooker’s sea lions
(Phocarctos hookeri), was not tested here. It may be possible to
test whether a single front ﬂipper contains enough information for
photo-identiﬁcation. In general, the authors have observed that
animals spend long periods with their ﬂippers tucked under the
body, or buried in sand. Hence, a considerable amount of effort
(and time) may be required for N. cinerea to move and stretch or
lift one of its front ﬂippers into an appropriate position for
photographing.
An automated software developed for using the outline of sea
lion ﬂippers to match sea lions by their ﬂipper shapes provides a
list of the most likely matches (Gope et al. 2005). In testing the
software, Gope et al. (2005) found that 27 incorrect matches were
suggested before the correct image on the list was suggested as a
match. Thus, the software was reported to support individual
identiﬁcation with required visual double-checking. If
conﬁrmations of potential matches by eye were robust and
feasible, and there was sufﬁcient information in ﬂipper shapes to
apply to large populations, this method may then be more viable
than using whisker spot patterns. The whisker spot patterns
showed large variation between photographs of the same
individual under the conditions and with animals tested in this
study.
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ABSTRACT: Pinnipeds spend significant time hauled out, and their haul-out behaviour can be
dependent on environment and life stage. In Western Australia, male Australian sea lions Neophoca cinerea haul out on Perth metropolitan islands, with numbers peaking during aseasonal
(~17.4 mo in duration), non-breeding periods. Little is known about daily haul-out patterns and
their association with environmental conditions. Such detail is necessary to accurately monitor
behavioural patterns and local abundance, ultimately improving long-term conservation management, particularly where, due to lack of availability, typical pup counts are infeasible. Hourly
counts of N. cinerea were conducted from 08:00 to 16:00 h on Seal and Carnac Islands for 166 d
over 2 yr, including 2 peak periods. Generalised additive models were used to determine effects
of temporal and environmental factors on N. cinerea haul-out numbers. On Seal Island, numbers
increased significantly throughout the day during both peak periods, but only did so in the second
peak on Carnac. During non-peak periods there were no significant daytime changes. Despite
high day-to-day variation, a greater and more stable number of N. cinerea hauled out on the significantly smaller beach of Seal Island during 1 peak. Overall, numbers hauled out were associated with temperature and tidal height, but not wind speed. Relative percentages of age classes
hauled out also varied with time of breeding cycle. Due to high variability in haul-out behaviour
in space and time, and its association with environmental conditions, we conclude that counts for
monitoring relative abundance in management decisions should be conducted systematically,
using robust survey designs with relatively large sample sizes.
KEY WORDS: Haul-out pattern · Australian sea lion · Neophoca cinerea

INTRODUCTION
Hauling out is a behaviour displayed by pinnipeds
where animals temporarily leave the water to spend
time on land between periods of activity. Hauling out
onto land is important for pinnipeds during specific
periods of their life cycle, such as breeding and
moulting, but most pinniped species also haul out for
other reasons. For example, they may travel considerable distances to foraging grounds and may forage
at their aerobic dive limits (e.g. Arnould & Hindell
2001, Costa & Gales 2003, Chilvers et al. 2005), thus
*Corresponding author: sylvia.osterrieder@gmail.com

hauling out may help conserve energy and contribute to recuperation (Riedman 1990). Pinnipeds
may also haul out to avoid predation (LeBoeuf et al.
1982), as shown by an inverse relationship between
successful great white shark (Carcharodon carcharius) attacks and distance from a haul-out island
(Hammerschlag et al. 2006) or increased instances of
haul-out behaviour in the presence of killer whales
Orcinus orca (London et al. 2012). Haul-out sites are
also commonly used for social interactions and thermoregulation (e.g. Ling et al. 1974, Marlow 1975,
Krieber & Barrette 1984, Riedman 1990).
© The authors 2015. Open Access under Creative Commons by
Attribution Licence. Use, distribution and reproduction are unrestricted. Authors and original publication must be credited.
Publisher: Inter-Research · www.int-res.com
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The duration and frequency of hauling out can be
specific to species, population or individual. Duration
of haul out may be longer during the breeding and
pupping season of some pinniped species (e.g. Lake
et al. 1997, Southwell 2005), which may be related to
variations between female and male haul-out duration and pattern (Thompson et al. 1989, Reder et al.
2003, Southwell 2003). Accordingly, within a population of the same species, age and sex, as well as timing within the breeding, pupping or moulting cycles,
can influence haul-out patterns (Thompson et al.
1989, Reder et al. 2003, Bengtson & Cameron 2004).
Previous studies of seals and sea lions have shown
considerable differences between species in diurnal
and seasonal fluctuations in haul-out numbers
(Thompson et al. 1989, Sepúlveda et al. 2001, 2012,
Reder et al. 2003). Some phocids and otariids have
shown lower numbers in the morning, with peaks in
the afternoon (Stirling 1968, Lake et al. 1997, Carlens
et al. 2006), though the timing of the peaks can vary
between seasons (Lake et al. 1997). Some seals, for
example, hauled out more over midday in some seasons, but less at the same time of day during others,
such as harbour seals Phoca vitulina in Scotland,
where there was a greater probability of hauling out
around midday in summer (Cunningham et al. 2009).
Diurnal haul-out patterns can also vary between
locations (Cunningham et al. 2009), a trait observed
in South American sea lions Otaria flavescens (Rosas
et al. 1994, Sepúlveda et al. 2001, 2012).
Several studies have shown that variations in numbers of pinnipeds hauled out can be affected by
weather conditions, such as temperature, cloud cover
or wind speeds (Schneider & Payne 1983, Watts 1992,
Carlens et al. 2006, Andrews-Goff et al. 2010). Additionally, oceanographic factors, such as tidal heights,
times or currents may play a significant role in haulout patterns (Stirling 1968, Pauli & Terhune 1987b,
Thompson et al. 1989, Watts 1992). There may also
be a combined effect of several environmental conditions combined with time of day and season (e.g.
Schneider & Payne 1983, Pauli & Terhune 1987a,b,
Thompson et al. 1989, Lake et al. 1997, Reder et al.
2003, Carlens et al. 2006, Mogren et al. 2010).
Australian sea lions Neophoca cinerea have been
listed as Endangered on the IUCN Red List and are
endemic to South and Western Australia (Goldsworthy 2015). N. cinerea have an unusual breeding cycle,
unique among pinnipeds. Breeding takes place aseasonally on average every 17.4 mo (range: 16.0−
19.9 mo) and asynchronously between breeding locations, during a period of 5 to 9 mo (Ling & Walker
1978, Gales et al. 1992, 1994, Higgins 1993, Goldswor-

thy et al. 2008). Haul-out sites in the Perth metropolitan area (Western Australia), approximately 250 km
south of the closest breeding islands at Jurien Bay,
are known to be used exclusively by males (Gales et
al. 1992). Male N. cinerea travel significant distances
away from breeding colonies, presumably to maximise foraging success and efficiency (Gales et al.
1992). Thus, access to these non-breeding haul-out
sites is critical to the health of male sea lions and successful reproduction of the species. Management to
reduce human impacts at key haul-out sites where
animals rest is often implemented (e.g. Gales 1995,
Lovasz et al. 2008), especially in areas of high human
visitation such as the Perth metropolitan area. To determine the effectiveness of management guidelines,
monitoring of animals using the islands is often undertaken by conducting counts over time (Cassini et
al. 2004, Salgado Kent & Crabtree 2008). These counts
can be used as estimates of relative abundance on
which to base trends. Male numbers at the Perth
haul-out islands peak aseasonally, aligned with the
non-breeding season (Ling & Walker 1978, Gales et
al. 1992, 1994, Higgins 1993, Goldsworthy et al. 2008).
While these peaks can be predicted, little is known
about the extent and variability in daily use of these
islands, or how they vary with environmental conditions. Variation in the proportion of age classes on
these islands is also unknown.
Counts are often used for management purposes to
monitor numbers of animals hauled-out on islands
over time. Based on the resulting counts, measures,
such as establishing sanctuary zones in areas used by
large number of animals, may be implemented to
minimise human disturbance (e.g. Gales 1995,
Cassini et al. 2004). However, single counts used as
an indicator of numbers of animals using a haul-out
site can be subject to significant inaccuracies when
there is large day-to-day variability (Southwell 2005).
Consequently, information on the extent of use of
these islands and its associated variability with environmental conditions is critical for accurately monitoring changes in behaviour and relative abundance
and is essential for the long-term conservation management of N. cinerea in the region.
To enhance current knowledge and thereby improve future monitoring practices and conservation
management of N. cinerea, we aimed to identify
whether N. cinerea had a consistent pattern in daily
haul-out behaviour. We recorded haul-out numbers
over a 2 yr period on 2 main haul-out islands in the
Perth metropolitan area, and assessed whether
hauling out was associated with local environmental
conditions.
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MATERIALS AND METHODS
Study sites
Male Neophoca cinerea are known to regularly
haul out on 6 islands off the Perth metropolitan
coast in Western Australia (WA, Fig. 1). On these 6
male-only haul-out islands, Seal (32.29° S, 115.69° E)
and Carnac (32.12° S, 115.66° E) Islands are used by
the largest number of N. cinerea, with up to 28 and
45 ind. hauled out during the Perth peak season,
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respectively (Gales et al. 1992), and were therefore
chosen as the field sites for this study. Approximately 15 N. cinerea can be found hauled out at
Burns Rocks and Little Island combined, mostly less
than 10 at Dyer Island during the Perth peak
season, and 1 or 2 can be found infrequently on
Penguin Island (Department of Parks and Wildlife
[DPaW] unpubl. data). It is highly likely that sea
lions move between the haul-out islands given their
proximity; however, this has rarely been documented (Gales et al. 1992).

Fig. 1. Haul-out sites of Neophoca cinerea in the Perth metropolitan area
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Seal Island is located in the Shoalwater Islands Marine Park, approximately 0.9 km offshore from Shoalwater (ca. 45 km south of Perth, capital city of WA, Fig. 1).
Seal Island is a sanctuary zone, managed as a ‘look, but
don’t take’ area and, as such, landing on the island is
prohibited (Department of Environment and Conservation [DEC] 2007, DEC & Fisheries 2011). The island
provides a sandy beach of approximately 0.27 ha on
the eastern side of the island (estimated from a Google
Earth, 2014 image from 1 January 2014) with shrubs at
the edges, small rocky overhangs and caves north and
south of the beach, as well as along the southern bay.
Apart from the beach area, the shores of the island are
rocky. N. cinerea mainly use the beach and occasionally use adjacent shrubs or caves to haul out.
Carnac Island, approximately 10 km south-west of
Fremantle (ca. 15 km south of Perth, Fig. 1) is classified as an A class nature reserve. Access to most of
the island is prohibited, but the southern part of the
eastern beach is available for public access during
the day (Department of Conservation and Land Management [CALM] 2003). N. cinerea mainly haul out
on the sandy beach of ca. 0.78 ha (estimated from a
Google Earth, 2014 image from 1 January 2014)
located on the east side of the island. The beach is
fringed with shrubs and small bushes. There are
some rocks, small rocky overhangs and caves to the
north and south of the main beach where N. cinerea
have been observed occasionally.

Data collection
Neophoca cinerea counts
Counts of N. cinerea on the main haul-out beaches
of Seal and Carnac Islands were undertaken over
166 d between June 2012 and April 2014. The study
was designed so that days on which counts were
undertaken occurred approximately once or twice a
week over most of the study period; however, on
occasion, sampling was less frequent. During each
day of counts, all N. cinerea within view of the
observer were counted hourly, primarily between
08:00 and 16:00 h. N. cinerea not in view at the time
of counting, but known to be present during the
count (i.e. seen when entering a cave as well as when
exiting) were also included in the counts. Counts
were made every hour, except during inclement
weather or when there were technical difficulties
that caused some counts to be missed during the day
or some days cut short. Counts on Seal Island were
conducted over 78 d and on Carnac Island over 88 d.

On Seal Island, the observer was located strategically, where the entire beach was within view, and
counts were conducted with the aid of binoculars
(Nikon Eagleview 8−24 × 25). At Carnac Island, a live
camera (AVT284 IP Camera with remote Pan, Tilt,
and Zoom capability and 22× optical zoom), owned
and serviced by DPaW, with a radio link to the local
office (using a Proxim 8150 PTP microwave radio
link), was used. This radio link allowed remote control over the camera’s viewing direction and zoom
(Salgado Kent & Crabtree 2008). The camera is
located on a vantage point overlooking the eastern
beach and was panned from north to south along the
beach to count the N. cinerea. The zoom was used to
aid counts when necessary, particularly to distinguish N. cinerea from some rocks on the far, southern
part of the beach. This method was considered to
accurately reflect counts that would have been made
at a strategic vantage point at the site, based on the
results of a study comparing simultaneous in situ
beach counts and counts made with a previous model
of this camera on the island (Salgado Kent & Crabtree 2008).
There were several cases when these methods
were not used, due to logistical constraints (for example, in instances when a vessel was not available to
travel to Seal Island or the live camera was not working at Carnac Island). On Seal Island, between July
and August 2012 as well as on the 9 October 2012, a
vantage point on the mainland (on the coast of Shoalwater, WA) with the entire beach area on Seal Island
in view was used. Counts from this location were
conducted using either a telescope (115 mm Tasco
reflecting with either a 25, 20 or 10 mm eye piece
with 36×, 45× or 90× magnification, respectively) or a
spotting scope (Televid 77 with 20× to 60× zoom).
The vantage point on the mainland (at 32.2855° S,
115.7035° E) was approximately 1.4 km away from
Seal Island, and the telescope and spotting scopes
were considered to give sufficient magnification to
count N. cinerea easily and accurately. On Carnac
Island, between the end of November 2013 and the
end of April 2014 (with the exception of 8 and 13 January 2014), counts were conducted directly from the
vantage point where the live camera was located.
During all counts (with the exception of the first
6 mo of the study; i.e. counts before 22 October 2012),
animals were visually classified into age groups by
S. K. O., either as juvenile, sub-adult, adult or otherwise unknown, following the description of Jefferson
et al. (2011). Juvenile males were identified based on
their silvery grey backs and light brown or fawn
lower fronts. They are also lighter in colour than sub-
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adults and adults. Sub-adult males are larger and
darker than juveniles and most show a white ring
around their eyes which diminishes as they grow into
bulls. Bulls are usually dark brown with a light
creamy coloured crown. A number of N. cinerea
present in the Perth metropolitan area are in intermediate stages of becoming either a sub-adult or
adult and it can be difficult to distinguish between
the age classes. For classification purposes here,
younger N. cinerea, with undersides darker in
colouration than juveniles and showing darker spots,
were classed as sub-adults. Distinguishing between
sub-adults and adults was based on size and the light
coloured crown. If the individual showed a pronounced white eye ring and the light coloured crown
was at the initial stages of showing through, it was
classified as a sub-adult; however, if a full white
crown was visible it was classified as an adult. For
most N. cinerea, the age classification was straightforward. However, if no decision could be made or an
individual N. cinerea was obscured sufficiently so
that no age class could be determined, the class was
recorded as unknown. Counts and age classifications
were made by the same observer to avoid observer
variability (Udevitz et al. 2005).

Environmental data
Beaufort condition and cloud cover (in percentage)
were recorded qualitatively at the time each count
was made. Quantitative measures of air temperature,
wind speed, wind direction, precipitation and atmospheric pressure at sea level were accessed through
the Bureau of Meteorology (BOM) half-hourly
weather station measurements made on Garden
Island. This station was the closest to the study sites;
located between Seal and Carnac Islands at a range
of approximately 5.5 and 13.8 km from the islands,
respectively. Weather station readings within 30 min
from the start time of N. cinerea counts were taken to
represent those at the time counts were made. Tide
levels (from the lowest astronomical tide) at the start
of counts were interpolated based on half-hourly
tidal measurements from the tidal gauge at Fremantle, WA (provided by BOM). The times in which
counts were conducted were recorded using a GPS
set to local time (UTC + 8) unless the remotecontrolled camera was used, in which the current
local time was accessed from www.timeanddate.com
(which uses Australian Western Standard Time). The
times were also expressed as decimal hours since
sunrise in the final database by subtracting the time
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of sunrise (accessed from www.timeanddate.com)
from the local start time of counts (with minutes
being divided by 60 to express decimal hours).

Statistical analysis
Modelling
Generalised additive models (GAM) with Poisson
distribution and log link functions for count data were
used to determine the relationship between temporal
and environmental factors and numbers of N. cinerea
hauled out at the 2 islands. GAMs were chosen to allow the inclusion of smoothers in the model as well as
an autocorrelation structure to account for the dependency of subsequent counts in a short time
period. Explanatory variables included survey interval (as a factor) with 8 levels (1 to 8), location as a factor with 2 levels (Seal and Carnac Islands), hours
since sunrise (in decimal hours) in which the counts
were made (as a continuous variable), and temperature, tide level and wind speed (as continuous variables). The entire survey time was split into 8 survey
intervals, hereafter called ‘periods’. Each period consisted of an average of 83.6 d (varying by a maximum
of 3 d), with Period 1 starting on Day 1 of the study
and Period 8 starting on Day 586 (corresponding to 6
July 2012 and 12 February 2014, respectively). Periods 1 and 7 were found to be the peak periods for N.
cinerea counts, and Period 4 fell on the minima of the
cycle. As not all intervals within the 17.4 mo breeding
cycle of N. cinerea could be sampled multiple times,
‘period’ is treated as a sequential survey interval from
1 to 8 rather than a period relative to the aseasonal
cycle. Thus, Periods 1 and 2 and Periods 7 and 8 represented intervals during sequential peak and postpeak periods in the aseasonal cycles, respectively.
Each period included between 20 and 26 survey days
(across both islands), except Period 6 (October 2013)
which had 9 survey days. The autocorrelation structure used decimal days rescaled so that values were
relative to the time since sunrise, reported as hours
since sunrise from Day 1.
Interaction terms included time since sunrise by
location and location by period. Correlation structures tested to account for temporal correlation
among counts included autoregressive correlation of
order 1 (AR-1), continuous AR(1), and exponential
and spherical correlations (available in the R package ‘mgcv’ used for the GAMs, Wood 2006).
Variance inflation factors (VIF) were used to test for
collinearity. All covariates showed VIFs < 3, indicating
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no collinearity between covariates (Zuur et al. 2007,
2009). Sea level pressure, however, showed high nonlinear correlation with air temperature and was excluded from the analysis to prevent model misfit. Air
temperature was chosen as biologically more significant than sea level pressure because air temperature
has shown significant influence on haul-out behaviour
in previous studies (e.g. Carlens et al. 2006). Precipitation was excluded from the models because of the
lack of rainy days and, therefore, the poorly balanced
data set. Cloud cover was recorded as a percentage of
the whole sky. This was removed from the analysis (to
simplify an already complex model) as it was considered of low biological significance, since recorded
clouds could have been far away and not impacting N.
cinerea locally. Wind speed influences the sea conditions the Beaufort scale measures and we included
wind speed as the more precise covariate in the
model, excluding Beaufort from the analysis. Wind direction was excluded from the analysis to keep the
model as simple as possible (and to avoid problems in
convergence), since it was considered biologically of
less significance than the other variables. The full
model thus included air temperature, tide level and
wind speed as environmental covariates. Temperature, wind speed and tide level showed some non-linear patterns with period, hence the validity and interpretation of models including these environmental
factors were assessed carefully. Three counts lacked
temperature and wind speed measurements and were
thus removed from the analysis.

Data exploration and model validation
Data exploration was undertaken to identify and remove any outliers or any single exceptionally large or
small values that would overly influence the model results, and to check general assumptions of GAMs.
Counts from 2 days, Days 38 and 550 (within Periods 1
and 7, respectively) from Carnac Island were excluded
from the model to avoid influential data in the analysis. Counts on Day 38 were exceptionally low and were
made 2 d after an unusually large storm event. Day
550 had exceptionally high numbers of N. cinerea.
The general approach to model construction and
validation was to begin with the most complex
model, with all effects that were considered to be of
relevance to the numbers of N. cinerea hauling out
based on biological knowledge (Flom & Cassell 2007,
Zuur et al. 2009). The model was restricted a priori to
an acceptable level of complexity, based on a general
rule of thumb of at least 20 samples per covariate

level (Harrell 2001), with the exception of Period 6
with 9 sampling days. Period 6 was included in the
analysis to avoid a large data gap between Periods 5
and 7, and was interpreted carefully. To validate the
model, residuals were plotted against each individual explanatory variable to ensure there were no
obvious patterns. To test that the inclusion of a correlation structure accounted for dependency sufficiently with no persisting autocorrelated residuals,
normalised residuals were inspected for remaining
pattern using variograms (Zuur et al. 2009). Fewer
counts were made before 08:00 h and after 16:30 h
which appeared to influence the autocorrelation left
in the normalised residuals. Therefore, only counts
between 08:00 and 16:30 h (which included 0.7 until
10.9 h after sunrise) were included in the models.
Following this first complex model, submodels were
created by removing insignificant explanatory terms
(p > 0.05) with very small estimated variances one by
one from the model, starting with the least significant
term for model simplification (Wood 2006, Zuur et al.
2009). Each time, the resulting submodel was refitted
and re-validated. Submodels were compared, and of
these the final model was selected by finding the
simplest validated model using Akaike’s information
criterion (AIC) as a guide. While identifying the simplest model that reduced the AIC by > 2 units (Burnham & Anderson 2002) was the initial aim, because
environmental variables were related (non-linearly)
to period, selection of the lowest AIC reduced by > 2
units would have meant removing significant terms
from the model. We minimised AIC for model selection, while including all significant terms based on pvalues for which to explain phenomena (de Valpine
2014). Smoothers fit to the variable ‘time since
sunrise’ were straight lines, indicating linear relationships between response and explanatory variables,
and did not improve the model from one using a nonsmoothed ‘time since sunrise’ term according to the
AIC. When adding a smoother to tide level in the final
model selected the model could not converge; however, comparisons in previous submodels leading up
to the final model fit better with tide as a nonsmoothed function. Time since sunrise and tide level
were therefore added without smoothing functions.
Finally, there were some submodels that could not
be tested, for the simple reason that they did not converge. All submodels, regardless of which insignificant terms had been removed, showed the same
explanatory variables as significant, providing confidence in the final model selected.
As a large number of N. cinerea used the islands
during peak periods (i.e. Periods 1 and 7 in this
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study), maximum counts were also compared between islands. Finally, models were not generated for
identifying patterns associated with age class since
data sets split by age class did not contain sufficient
samples. These patterns were, however, investigated
using exploratory analyses. The maximum numbers
of juveniles, sub-adults, adults and unknowns
counted for each day were averaged over each
period. Percentages of each class were then calculated from the averages. All analyses and figures
were produced using R version 3.1.1 (R Development
Core Team 2014) run through RStudio Version
0.98.983 − © 2009-2013 RStudio.

RESULTS
Neophoca cinerea was observed on 163 of 166 survey days. There were 620 hourly counts made over
78 d on Seal Island and 712 counts over 88 d on
Carnac Island, totalling 1332 hourly counts. Models
were produced using 1227 counts, which covered all
survey intervals (603 from Seal Island and 624 from
Carnac Island).
The final GAM selected which produced the most
parsimonious model followed the form:
log(μi) = α + β1 × TimeSinceSunrisei + β2(Periodi
(1)
× Locationi) + β3 × Tidei + s(Temperaturei) + ei
where:

ei = Time + εi

(2)

with μ being the number of N. cinerea observed at
count i, α being the intercept, β the corrections of the
slope for each covariate at count i, s the smoothing
function, and ei consisting of the correlation structure
indicated by the Time + noise ε (with noise normally
distributed with mean 0 and variance σ2). Time here
was expressed as decimal days, rescaled so that
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values were relative to the time the sun rises (rather
than relative to GMT). A spherical correlation
structure resulted in the best fit, and was given by the
equation in Pinheiro & Bates (2000), their Table 5.2:
s
s 3
γ (s, ρ) = 1 – ⎡1 – 1.5 ⎛ ⎞ + 0.5 ⎛ ⎞ ⎤ I ( s < ρ)
⎝ ρ⎠
⎝ ρ ⎠ ⎦⎥
⎣⎢

(3)

with γ (s, ρ) as the correlogram with correlation parameters ρ as the range and s as the time, and where
function ‘I (s < ρ) denotes a binary variable taking
value 1 when s < ρ and 0 otherwise’ Pinheiro & Bates
(2000, p. 231). The greatest variation in numbers of
N. cinerea on Seal and Carnac Islands was from the
17.4 mo aseasonal cycle in arrival at and departure of
animals from breeding grounds. Peak numbers at
both islands occurred between July and August 2012
and December 2013 and January 2014 (Periods 1 and
7, respectively, Fig. 2). The trough in numbers was
between April and May 2013 (Period 4). This was reflected in the model by ‘Period’ being the most
influential variable (p < 0.001, see Table S1 in the
Supplement at www.int-res.com/articles/suppl/n028
p259_supp.pdf). There was a significant difference in
numbers of N. cinerea hauling out on Seal and
Carnac Islands (p < 0.001, Table S1), with overall
numbers greater at Seal than at Carnac Island
(Fig. 2). The interaction between period and location
was significant (p < 0.001, Table S1), showing that the
greater numbers at Seal Island than at Carnac occurred during Periods 1, 2, 5 and 6 (Fig. 2). Numbers
of N. cinerea present did not show any significant difference between the 2 islands in Periods 3, 4 and 7,
but numbers on Carnac Island were greater than on
Seal Island in Period 8 (Fig. 2). A small increase with
time since sunrise was observed for Carnac Island in
the second peak season, but not in the first peak season (Fig. 3). The time since sunrise and its interaction
with period significantly influenced the number of N.

Fig. 2. Maximum number of Neophoca cinerea observed on
Carnac (s) and Seal Islands (d)
over 166 survey days between
June 2012 and April 2014, including the exceptionally high and low
observations (n) on Carnac Island.
Dashed lines mark the survey
periods (survey intervals 1 to 8)
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cinerea (p < 0.001, Table S1), with increasing numbers
of N. cinerea hauled out over the course of a day during certain periods (Fig. 3). On Seal Island, this trend
occurred during Periods 1, 6 and 7 with a slight increase during Period 2. On Carnac Island, the trend
occurred during Period 7 and to a lesser extent during
Periods 2 and 8. No increase over the course of a day
was observed at either location during Periods 3, 4
and 5, which were the periods with the lowest numbers of N. cinerea present. Additionally, no trend was
observed during Periods 1 and 6 on Carnac Island
(Fig. 3). The interaction term between location and
time since sunrise did not show any significant effect
on the number of N. cinerea hauled out and was thus
removed from the final model.
Air temperature and tide level had significant
effects on the number of N. cinerea hauled out on
Seal and Carnac Islands (Figs. 4 & 5). The numbers of
N. cinerea on the islands decreased with increasing
tide level (p = 0.003, Table S1, Fig. 5). The pattern
was more pronounced on Seal Island than on Carnac
Island (Fig. 5). On Carnac Island, a steeper decrease
in N. cinerea numbers hauled out was only observed
when the tide had reached 1.0 m above the lowest
astronomical tide (Fig. 5). The numbers of N. cinerea
increased with air temperature up to approximately
21°C (p < 0.001, Table S1), at which point they
became comparatively stable. Smoothing function
confidence intervals (95%) at temperatures below
15°C and above 27°C were large; thus, interpretation
at these temperatures is unreliable (Fig. 4). Wind
speed did not have a significant effect on numbers of
N. cinerea hauled out (p > 0.1).

Peak periods
There were 308 counts conducted in the peak periods, 174 on Seal Island and 134 on Carnac Island
over 21 and 23 d, respectively. More N. cinerea were
observed on Seal than on Carnac Island during this
period. The maximum numbers counted were 32 and
29 on Seal Island and 16 and 33 on Carnac Island in
the first and second peaks, respectively. The maximum numbers of animals hauling out in each peak

Fig. 3. Number of Neophoca cinerea observed during hourly
counts on Carnac and Seal Islands during survey Periods 1
to 8. Each line represents counts conducted on a single sampling day represented in hours since sunrise. A LOESS
smoother (blue line) with 95% confidence intervals (grey)
has been added as a visual aid. (The 2 exceptionally high
and low observation days on Carnac Island were excluded)
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Fig. 4. Smoothing function (solid line) with 95% confidence
intervals (dashed lines) fitted to air temperature (°C) estimated in the final generalised additive model (GAM). The
small ticks above the x-axis represent air temperature
values of the observations

season were counted on Days 35 and 550 on Seal
Island and Days 3 and 556 on Carnac Island, and
were 515 (16.9 mo) and 553 d (18.3 mo) apart, respectively. However, excluding the highest and most
influential count, the highest count was conducted on
Day 578 (19.0 mo after Day 3) with 22 ind. counted
on Carnac Island. More N. cinerea hauled out on
Carnac Island in the second than in the first peak
season (Fig. 2). There was a high variation in numbers counted on different days in the peak seasons,
more so on Seal than on Carnac Island (Figs. 2 & 3).

Age classes
The majority of animals on Seal and Carnac Islands
consisted of sub-adults and adults, with a maximum
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of 18 sub-adults and 24 adults hauled out at any one
time (Figs. 6 & 7). Juveniles were present on both
Seal and Carnac Islands, but were low relative to
overall numbers, not exceeding 8 ind. at any time.
Juveniles did not show any visible variation in
hauled out numbers throughout the day. Sub-adults
increased throughout the day during Periods 6 and 7,
and slightly increased during Period 8 on Seal Island.
A similar increasing pattern was observed during Periods 7 and 8 on Carnac Island. An increase in numbers of N. cinerea was evident in Period 7 between 2
and 9 h after sunrise, but numbers decreased between 10 and 12 h after sunrise. However, the variability in these last 3 h of observations was visibly
greater. Sub-adults on Carnac Island during Period 8
showed a slight decrease in numbers until 6 h after
sunrise, but numbers thereafter increased. With few
N. cinerea remaining in the area during the nonpeak period, a small variation in N. cinerea numbers
had a large influence in their percentages (indicated
by the large standard deviations). Thus, patterns in
haul-out behaviour of different age classes could
only be detected in plots when N. cinerea numbers
were high. Adult N. cinerea came ashore throughout
the day during Periods 2 and 7 on both Seal and
Carnac Islands and also during Periods 5 and 8 on
Carnac Island. The sample size in Period 6 on Seal
Island was too small and the variability of adult
counts too high to identify a pattern.
The ratio of adult to sub-adult N. cinerea increased
at both islands during the breeding season (i.e. the
period with few individuals occurring around Perth).
During the breeding season (Periods 2 to 6), the
period-averaged, maximum daily percentage (± SD)
of sub-adults on the islands ranged
from 2% (± 8) to 32% (± 34), compared
with the percentage of adults which
ranged from 47% (± 23) to 92% (± 49)
(Table S2 in the Supplement). When
numbers of N. cinerea in the area
increased, however, the ratio of adults
to sub-adults was closer to parity, with
adults ranging from 43% (± 26) to 47%
(± 24) and sub-adults ranging from
49% (±17) to 52% (± 20) (Table S2,
Fig. 8).

DISCUSSION
Fig. 5. Relationship between number of Neophoca cinerea and tide level (m)
observed on Seal and Carnac Islands. A LOESS smoother (blue line) with
95% confidence intervals (grey) has been added to aid visual interpretation
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Numbers of male Neophoca cinerea
hauling out in Perth metropolitan
waters display aseasonal cycles in
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abundance, varying according to the approximately
17.4 mo breeding cycle of the species. Sampling
period, in relation to the breeding season, was the
most influential variable on numbers of N. cinerea
hauled out, similar to other sea lion species
(Sepúlveda et al. 2001, Marcotte 2006). Results here
were similar to those of Gales et al. (1992) in that
overall N. cinerea numbers on Perth metropolitan
haul-out islands followed a 17 to 18 mo cycle, with
troughs in Perth aligning with the peaks on breeding
islands to the north (Jurien Bay).
The numbers of hauled out N. cinerea at their
peaks varied between peaks and islands; with
greater numbers throughout all of the first peak and
during part of the second peak at Seal Island than at
Carnac Island. There are many possible reasons for
these differences. While a larger beach size, potentially allowing more sea lions to haul out, has been
suggested (Krieber & Barrette 1984), beach area
available appeared to be unrelated in this study. The
beach area on Carnac Island was estimated to be
approximately 3 times larger than that at Seal Island.
The intertidal region where animals hauled out at
Carnac Island appeared to be equally as large as that
on Seal Island. We suggest that other drivers, such as
proximity to preferred foraging locations, influenced
haul-out site choice. If there are shifting prey locations, we suggest that this may be reflected by
changes in haul-out site selection. There is evidence
of this behaviour in other pinnipeds, such as Steller
sea lions Eumetopias jubatus in Alaska, suggested to
depart to follow herring spawn and eulachon runs
(Marcotte 2006), and Californian sea lions Zalophus
californianus in California, responding to prey abundance (Ainley et al. 1982). Since breeding, and the
resulting peak numbers in the Perth metropolitan
area, follow a 17 to 18 mo cycle, successive peaks in
the Perth area occur in different seasons. In this
study, the first peak occurred in winter, and the second in summer. A seasonal change in targeted prey
location is possible, and therefore a change in foraging location for the same prey or a change in target
prey species in different seasons could be expected
(Lowry et al. 1991, Sinclair & Zeppelin 2002, Sigler et

Fig. 6. N umber of sub-adult male Neophoca cinerea observed during hourly counts on Carnac and Seal Islands
during survey Periods 1 to 8. Each line represents counts
conducted on a single sampling day represented in hours
since sunrise. A LOESS smoother (blue line) with 95%
confidence intervals (grey) has been added as a visual aid.
(The 2 exceptionally high and low observation days on
Carnac Island were excluded)
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al. 2004, Womble et al. 2005, 2009, Winter et al.
2009). Such instances could have resulted in Carnac
Island being relatively less favourable during the
second peak than the first peak. A second plausible
explanation is that the numbers using the islands are
directly related to human use reflected by the differing management regulations at the 2 islands. Carnac
Island has direct access for recreational use on most
of the beach, and despite the presence of a sanctuary
zone on a section of the beach, the entire beach is
used for recreation. At Seal Island, recreational users
are completely and effectively restricted from landing on any part of the island, including the beach.
In the present study, the percentage of adults to
sub-adults increased at both islands from close to
parity to above 90%, as the abundance of N. cinerea
dropped from peak to trough in the cycle. A range of
age class distributions have been observed among
pinniped species at haul-out and breeding sites elsewhere. At a Steller sea lion (E. jubatus) breeding
island in Southeast Alaska, for example, more bulls
than sub-adults hauled out consistently across the
survey period (Marcotte 2006). In contrast, sub-adult
Subantarctic fur seals Arctocephalus tropicalis dominate during most of the year at a haul-out site where
no breeding occurs as well as at a breeding site on
the same island during the non-breeding season (at
Marion Island, close to the Antarctic Convergence;
Kerley 1983). Results that are more similar to those in
this study were observed for A. tropicalis, with a subadult to adult ratio of approximately 5 to 3 at a haulout site with occasional breeding on Amsterdam
Island (6% females, Roux & Hes 1984). In the current
study, the changes in the composition of different age
classes were consistent between the 2 islands and
appeared to follow the timing of the breeding season.
It is not known if age classes depart at different times
from the breeding sites in this species; however,
staggered departures have been observed between
females and pups in E. jubatus (Marcotte 2006). We
suggest that observations here are likely a result of
the following premise: as young males grow older,
they increasingly travel longer distances and stay
away for longer periods (Goldsworthy et al. 2009).

Fig. 7. N umber of adult male Neophoca cinerea observed
during hourly counts on Carnac and Seal Islands during
survey Periods 1 to 8. Each line represents counts conducted
on a single sampling day represented in hours since sunrise.
A LOESS smoother (blue line) with 95% confidence intervals (grey) has been added as a visual aid. (The 2 exceptionally high and low observation days on Carnac Island were
excluded)
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also shown a pattern of increasing
numbers hauling out throughout the
day, until mid-afternoon or early evening, when these numbers began to decrease (Stirling 1968, Harestad 1978,
Ainley et al. 1982, Sepúlveda et al.
2001, 2012). On Carnac Island, this pattern was less prominent, and only occurred significantly during the second
non-breeding season, where there
were overall greater numbers of animals hauling out.
During a study of N. cinerea at Dangerous Reef in South Australia, animals mostly arrived and hauled out
between 05:00 and 07:00 h, and
departed between 18:00 and 20:00 h to
forage mainly at night (Goldsworthy et
al. 2009). The study, however, was on
lactating adult females, rather than
males. While there are variations in
behaviour among species, there are
also variations within different populations of the same species. This has
been shown to be true for Steller sea
lions E. jubatus which displayed no
evidence of a diurnal pattern in hauling out at one site (Kucey 2005, Marcotte 2006), while Harestad (1978)
indicated a clear diurnal pattern, disFig. 8. Age classes of Neophoca cinerea observed at the time of maximum
similar from the Perth findings, at
count on 166 days on Carnac and Seal Island between September 2012 and
another. Furthermore, N. cinerea in
April 2014 (after the first non-breeding season, i.e. high numbers in Perth).
this study represent a unique cohort of
(a) Ratio of sub-adults to adults on Carnac (black crosses) and Seal (diajuvenile, sub-adult, and adult males,
monds) Islands. The dashed horizontal line marks the ratio of sub-adults to
adults at 1:1. Three data points are missing due to zero sub-adults or adults
reflecting the unique haul-out patterns
present, and no ratio could be calculated. (b) Number of N. cinerea observed
observed. Adult male N. cinerea are
in each age classes: (grey triangles) adults; (black, solid circles) sub-adults;
known to forage further offshore,
(white-filled circles) juveniles:; (black asterisks) unknown
spend longer periods at sea, and have
higher variations among individuals in
distances travelled than other age and sex classes
Day-to-day haul-out numbers of N. cinerea on Seal
(Goldsworthy et al. 2009). The large number of adult
and Carnac Islands often fluctuated considerably,
males at Carnac and Seal Islands likely influenced
similar to South American Otaria flavescens, E. jubathe arrival times, as N. cinerea travelling longer distus and Hooker’s Phocarctos hookeri sea lions (Beenttances may return later in the day. Conversely, juvejes 1989, Rosas et al. 1994, Kucey 2005). The positive
nile foraging behaviour is reportedly similar to the
relationship between numbers of hauled out N. cinemore restricted ranges of adult females, compared to
rea and time since sunrise each day, observed during
the more distant and longer duration foraging by
periods of high numbers of N. cinerea in the study
adult males (Goldsworthy et al. 2009). The low numarea, is not uncommon. Hooker’s sea lions P. hookeri
bers of juveniles counted on Seal and Carnac Islands
on the Otago Peninsula in New Zealand were found
suggests that daily patterns in behaviour would be
to increasingly arrive ashore mid-morning, with nummostly due to sub-adults and bulls using the islands.
bers reaching a plateau at midday before departing
While the present study showed similarities and
again around 18:00 h (Beentjes 1989). Similarly, studcontrasts to findings elsewhere, studies referred to
ies of other otariids, of varying sex and age class, have
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here have reported haul-out timing in relation to
local time rather than relative to the time of sunrise
(e.g. Stirling 1968, Sepúlveda et al. 2001, Carlens et
al. 2006). We suggest that by reporting haul-out patterns relative to sunrise and sunset rather than relative to GMT, studies will be more comparable and
meaningful in terms of their biological significance.
Circadian rhythms of wild animals are more closely
related to daily solar patterns and seasonal changes
than our clocks (Reebs 2002, McCauley 2012). Also,
we note, that in this study, logistical constraints limited observations to before 07:00 h and after 17:00 h.
It is possible that numbers at Seal and Carnac Island
decrease at dusk or later, as has been observed for N.
cinerea in South Australia (Goldsworthy et al. 2009).
P. hookeri and O. flavescens have also been reported
to depart haul-out islands in the evening, likely to
forage (Beentjes 1989, Sepúlveda et al. 2001, 2012).
Alternatively, numbers present at Seal and Carnac
Islands later in the day after observations had been
made could have remained constant if diurnal foraging patterns are absent, such as reported by Costa &
Gales (2003) for female N. cinerea on Kangaroo
Island, South Australia. The few counts conducted in
this study before 07:00 h did not indicate a spike in
numbers of N. cinerea returning ashore just after
sunrise as reported by Goldsworthy et al. (2009).
During the breeding season, when overall numbers
of N. cinerea were low, there was no distinguishable
diurnal pattern. This was likely due to either too few
numbers of N. cinerea present to detect a relatively
small effect, or highly variable foraging patterns (and
thus arrival times) of adult males.
In our study, numbers of N. cinerea hauled out
increased with increasing temperature up to 21°C.
This association has also been observed in harbour
seals Phoca vitulina and Weddell seals Leptonychotes weddellii (Watts 1992, 1996, Andrews-Goff et
al. 2010). In winter months, the local waters around
Perth can drop to below 16°C (BOM). Immersion in
water below 17°C is energetically costly and may
stop cell growth in Steller sea lions (Feltz & Fay
1966). Thus, for winter months, temperature could be
expected to be a contributing factor to haul-out
patterns as it benefits cell growth and recovery.
Hauling out also conserves energy, reducing heat
loss by spending less time in a high temperature-conducting medium, such as water (Riedman 1990).
When temperature on land increases, however,
pinnipeds may return to water to support thermoregulation, which may explain why there were no
further increases in association beyond 21°C. However, the effect of temperature on seals’ diurnal haul-
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out patterns has also been observed to vary at different times of the year in P. vitulina in Scotland and in
captive harp seals Pagophilus groenlandicus (Grellier et al. 1996, Watts 1996, Moulton et al. 2000).
N. cinerea decreased in numbers in the present
study when tidal height increased. While this pattern
was similar to that reported for Steller sea lions E. jubatus on islands off Alaska, tide level did not have a
significant influence at other locations in Alaska
(Kastelein & Weltz 1991, Kucey 2005). Tidal heights
have been reported to have variable effects in different seasons in P. vitulina (Reder et al. 2003), and other
pinnipeds, regardless of season (Thompson et al.
1989). In E. jubatus, more adult males entered the water during low tides, despite the tide level having little
to no impact on their preferred haul-out location
(Kastelein & Weltz 1991). The variation observed in
other studies is comparable to that seen in N. cinerea
in the present study, where tide level was more influential on Seal Island than on Carnac Island. While
Seal Island was, overall, a preferred site over the
larger beach of Carnac Island, the decrease in the
number of N. cinerea hauling out became more
prominent when tidal heights were above 1.0 m. This
increase in tide would have greater impact on available intertidal and overall beach area on Seal Island
than Carnac Island because of the wider beach on
Carnac Island. Variation in tidal heights in this study
was small compared to the 4 m tidal heights that impact some P. vitulina haul-out sites. Where higher
proportions of N. cinerea haul out and tides above 4 m
constrain the available size of the haul-out sites, numbers hauled out reduce (Watts 1993). Extremely high
tides, combined with strong winds, can push the
water over the whole beach on Seal Island; however,
a large proportion of the beach on Seal Island does not
appear to be impacted during typical high tides, suggesting that the association between tidal height and
numbers hauled out may not be simplistic. It is not
only beach availability that is affected by lunar variation, however. Localised movement of fish species in
relation to tides and lunar phase have been documented in the Perth metropolitan area (Wakefield
2010), which may also be true for prey species of N.
cinerea. Some prey species may be influenced by tide
and may become easier to target during low tide
(Morrison et al. 2002, Ribeiro et al. 2006), implying
that N. cinerea might follow their food source during a
time when it is easier to catch, leaving lower numbers
on the haul-out islands during lower tidal heights.
Wind speed did not have a significant effect on the
numbers of N. cinerea hauling out in this study,
similar to the case for P. vitulina in Scotland and
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N orway (Grellier et al. 1996, Reder et al. 2003), although it has been observed to affect diurnal haul-out
patterns of other pinniped species (e.g. Lake et al.
1997, Sato et al. 2003). One sampling day on Carnac
Island was removed from the analysis because of the
unusually low number (zero) of N. cinerea hauling out
during the peak season. Within 3 d prior to this count,
a storm including time-averaged winds of up to 54 km
h−1 and heavy rains with up to 10.2 mm d−1 precipitation passed Carnac Island and may have affected the
N. cinerea haul-out pattern. Extreme environmental
conditions have been shown to alter sea lion behaviour, for example in E. jubatus during stormy weather
(Kenyon & Rice 1961) or O. flavescens after an earthquake and tsunami (Sepúlveda et al. 2012).
Finally, different methods of sampling can often
bias count data. It is unlikely that the different sampling methods used here would have caused significant variations in count numbers in this type of study
(Balouin et al. 2014). Salgado Kent & Crabtree (2008)
have previously shown that the remotely controlled
camera on Carnac Island does not produce significantly different counts to those made by an observer
on the island. Though considered infrequent, individuals may have remained undetected during the
few surveys when counts were conducted from the
vantage point at Shoalwater. On 1 occasion, rangers
aboard a DPaW vessel, near Seal Island, conducted a
count on Seal Island at the same time as counts were
conducted from the Shoalwater vantage point. The
authors observed 19 of the 21 observed from the vessel. Two were hidden from view from the vantage
point.
While sub-models resulting in the same significant
explanatory variables provided confidence in the
final model selected, none of the sub-models accounted for absolutely all of the autocorrelation in
the residuals. A smoother through numbers of N.
cinerea observed versus normalised residuals still
explained approximately 7.6% of the variation remaining in the residuals. Nevertheless, despite modelling constraints and convergence problems experienced in modelling these complex, longitudinal data,
the models provided an improvement in our current
knowledge of N. cinerea, which is needed for
management and conservation.
The variability in numbers of N. cinerea hauling
out at Carnac and Seal Islands within a day can affect
the accuracy of trend in relative abundance over time
if counts are undertaken at different times each day.
For monitoring trends in relative abundance, counts
would be best conducted between 9 and 11 h after
sunrise if this is logistically possible. If this is not pos-

sible, a similar time of day across all survey days (in
relation to the time of sunrise) should be targeted, so
that they are comparable between sites and years.
Conducting surveys only during periods of comparable temperature and tidal conditions, in addition to
comparable times, would be logistically highly restrictive, resulting in a very small sample size. We
have therefore suggested maintaining consistency in
the most influential variable, the time of day. However, temperature and tidal heights can be recorded
so that relative abundance can be adjusted using a
correction factor to improve comparability over time
(Seber 1986, Huber et al. 2001). Through the systematic collection of count data during periods when
haul-out behaviour is expected to be comparable,
more accurate trend estimations can be obtained to
improve management outcomes.
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anthropogenic activities in the Perth metropolitan area,
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ABSTRACT
1. Tourist-based activities, partly due to their rapid increase, have raised concerns regarding the impacts of
anthropogenic activity on marine fauna. Documented effects on pinnipeds in proximity to humans include
changes in behaviour, site use and potentially higher aggression levels towards people. Effects vary considerably
between populations and sites, thus requiring separate assessment of human impacts on activity and energy budgets.
2. Responses of the endangered Australian sea lion, Neophoca cinerea, to human visitation were recorded from
November 2013 through April 2014. Exposure levels and response types to anthropogenic activities were assessed at
two easily accessible locations with different management schemes, Seal (landing prohibited) and Carnac (landing
permitted) islands, Western Australia. Exposure levels were measured as both stimulus type (i.e. ‘People’, ‘Paddlers’,
‘Small’, ‘Medium’, and ‘Large vessels’, ‘Tour vessels’, and ‘Jet skies’), and people (‘Direct’, ‘Attract’, ‘Interact’,
‘View’, ‘Incidental’, ‘Water’, ‘Low-level’), and vessel activities (‘Interact’, ‘Approach/Follow’, ‘Anchor noise’, ‘Engine
noise’, ‘Close to beach’, ‘Moderate/Fast travel’, ‘Slow travel’, ‘Transit’, ‘Drift/At anchor’, ‘Aircraft noise’).
3. Exposure levels varied signiﬁcantly between the islands in numbers, stimuli type, duration and minimum approach
distances. The instantaneous behaviours of ‘Lift head’, ‘Interact’ and ‘Sit’ were the most frequent responses. ‘Aggressive’
and ‘Retreat’ responses, the highest disturbance levels measured, occurred on Carnac approximately once per day, but
rarely on Seal Island. ‘Aggressive’ behaviour towards ‘People’ was observed only on Carnac Island and elicited only by
‘People’. ‘People’, ‘Tour vessels’, and scenic ‘Aircrafts’ on both islands as well as ‘Jet skis’ on Carnac Island had the
highest probability of triggering responses. Owing to their relatively high visitation at Seal Island, ‘Paddle powered
vessels’, followed by ‘Tour vessels’ elicited the highest number of responses, compared with ‘People’, ‘Small’, and
‘Medium vessels’ at Carnac Island. The majority of responses occurred when any stimulus type was at short-range
(≤10 m), and ‘People’ ‘Viewing’ N. cinerea elicited most. Vessels triggered more responses at larger ranges than ‘People’.
4. To limit close-range access to N. cinerea, one possibility is to close the beach at Carnac Island to human
visitation and increase the minimum approach distance by vessels and ‘People’ by installing marker buoys at least
15 m from the shore.
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INTRODUCTION
Conservation of animal populations requires
accurate knowledge of the potential impacts that
anthropogenic activities may have on their health
and survival. Impacts from anthropogenic
activities are wide-ranging, and the level of
severity depends upon factors including the type of
activity, duration and their proximity to the
animals. Marine ecotourism such as whale and
dolphin watching is increasing in popularity and often
includes direct (swimming with) and indirect
(observational) interaction. More recently, excursions
to observe other fauna such as seals and sea lions
at haul-out locations, have also increased. In the
Southern Hemisphere alone, 1.3 million people
visit pinnipeds every year (estimated average from
1995 to 2000), with an annual value of US $12.6
million (Kirkwood et al., 2003). Activities range
from swimming with seals and sea lions to
watching them from boats, planes or land (Boren
et al., 2002; Kirkwood et al., 2003; Lovasz et al.,
2008; Cowling et al., 2014).
The Australian sea lion, Neophoca cinerea,
endemic to Western and South Australia (Gales
et al., 1994; Goldsworthy et al., 2008), is classiﬁed
as Vulnerable by the Environment Protection and
Biodiversity Conservation (EPBC) Act 1999 and by
the two states in which it occurs (National Parks
and Wildlife Act 1972, South Australia; Wildlife
Conservation Act 1950, Western Australia), and is
listed as Endangered on the IUCN Red List of
Threatened Species (Goldsworthy, 2015). In
Australia, N. cinerea is increasingly targeted by
marine tourism. Seal Bay at Kangaroo Island in
South Australia is the most popular location to
watch N. cinerea in the wild, receiving up to
110, 000 visitors in any one year since the 1950s
(Kirkwood et al., 2003). Haul-out islands off Port
Lincoln, South Australia and Jurien Bay, north of
Perth in Western Australia (WA) also receive large
numbers of visitors (Kirkwood et al., 2003).
Pinniped tourism is very popular and
economically beneﬁcial (Kirkwood et al., 2003).
However, there is public and scientiﬁc concern that
these activities may have detrimental effects on the
health of marine wildlife populations (Gerrodette
and Gilmartin, 1990). Various studies have

endeavoured to document behavioural changes, for
example aggressive displays, avoidance or
habituation, physiological responses, and direct
threats to the survival of animals, such as
entanglement and increased risk of boat strikes
(Gerrodette and Gilmartin, 1990; Constantine,
1999; Stevens and Boness, 2003; Newsome and
Rodger, 2008; French et al., 2011). There is
evidence that animals may reduce time spent
resting or hauling out, possibly affecting their
energy budget; or may leave pups unattended,
which, while currently untested, could potentially
increase pup mortality (Kovacs and Innes, 1990;
Jansen et al., 2010). Assessing the magnitude of
effects is complex as age, sex, degree of exposure,
and stage in the breeding cycle may inﬂuence
responses to disturbance and level of impact (Boren
et al., 2002; Cowling et al., 2015). Furthermore,
most studies have been limited to assessing shortterm (over the course of a day) and immediate
responses of individuals, rather than long-term
impacts (over months and years) on the population.
This is probably a result of the challenges involved
in long-term monitoring owing to long-term
required funding, and the non-trivial nature of
disentangling the effects of human disturbance
from changes in a complex environment.
To reduce the impact of human/pinniped
interactions, various regulations and guidelines
have been initiated (e.g. spatial and temporal
restrictions or limitations in vessel speed and
visitor numbers) to both maintain the health of the
marine environment and to protect animals and
tourists during interactions (Orams, 1999). In
Australia, several patrolled marine parks and
sanctuary zones, with limited access for visitors to
view and interact with animals, have been
established (Gales, 1995; Kirkwood et al., 2003;
Cassini et al., 2004; Salgado Kent and Crabtree,
2008; Young et al., 2014). Where close approaches
are allowed, there are guidelines recommending
safe distances for viewing and for reducing
disturbance to pinnipeds. Although regulations
and guidelines are in place for management, the
scientiﬁc basis for these management decisions in
relation to N. cinerea is limited (DEC, 2007;
Lovasz et al., 2008; Salgado Kent and Crabtree,
2008; Young et al., 2014).
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In metropolitan waters around Perth, for
example, moving/approaching N. cinerea slowly
and keeping a minimum distance of 5–10 m are
recommended (DEC and DoF, 2011). At this
location, the largest numbers of N. cinerea haul
out on Seal and Carnac islands, which are two of
the six main local haul-out sites (Gales et al.,
1992). Owing to the close proximity of the islands
to Perth (~2 million people) and their ease of
access, both islands are heavily used for tourism
and recreational activities, including viewing N.
cinerea in the wild (Orsini and Newsome, 2005).
On Seal Island, located within a marine park,
landing by either vessels or people is prohibited. In
comparison, the beach on Carnac Island is divided
into two different zones with only the sanctuary
zone off limits to the public. While the designation
of the zone was based on the area used most often
by N. cinerea in a study in 2005 (Orsini and
Newsome, 2005), a follow-up study, 2 years later,
showed that N. cinerea used the beach outside the
sanctuary zone just as frequently (Salgado Kent
and Crabtree, 2008). It was determined that the
most effective approach for reducing disturbance
on Carnac Island was to expand the sanctuary
zone over the entire beach (Salgado Kent and
Crabtree, 2008).
Beyond the study at Carnac Island, the
effectiveness of small sanctuaries, or no-go zones,
in reducing disturbance in the Perth metropolitan
area, and other areas, is not accurately known
(Gormley et al., 2012; Hartel et al., 2015). Owing
to the competing interests in use and access to the
islands by conservationists, recreational users, and
commercial operators, as well as the underlying
need for conservation of the species, the
effectiveness of sanctuary zone size and applied
management strategies must be assessed (Salgado
Kent and Crabtree, 2008). Establishing baseline
data and determining impacts of various types of
use is critical for improving the design of reserves
and management outcomes (Kelleher, 1999).
This study investigates the responses of N.
cinerea to anthropogenic activity at two sites (Seal
Island and Carnac Island) with different
management strategies. Various activity types were
documented as pinnipeds have been shown to
respond differently to varying stimuli (Cassini,

2001; Boren et al., 2002; Jansen et al., 2010).
Speciﬁcally, stimulus types (i.e. vessel types and
people), their activities, and N. cinerea’s response
behaviours were categorized, and recorded.
Distances between the stimuli and responding N.
cinerea were also recorded. Thus, the inﬂuence of
stimulus types, their activities, and distances on N.
cinerea behaviour were investigated.
The speciﬁc objectives of this study were to: (1)
compare the numbers of vessels/people present,
and to quantify their activities at Seal and Carnac
islands, two islands with contrasting management
types, to provide context to the response of N.
cinerea for wider application; (2) compare the
frequency and level of disturbance to N. cinerea at
the two islands, in relatively close proximity to
urban areas (0.9 and 10 km); and (3) assess the
inﬂuence of anthropogenic activity types and their
proximity to the animals through measurements of
the frequency and level of N. cinerea responses.
Understanding the key impacts of tourism on N.
cinerea behaviour is necessary for improved,
scientiﬁc-based, long-term management, and
where necessary, recovery plans for endangered
species, such as N. cinerea, on both a local,
regional and national scale. To do this requires an
understanding of the context within which the
animals have been observed (Objectives 1 and 2).
METHODS
Study sites
Six islands are known to be used as haul-out sites by
male N. cinerea off the Perth metropolitan coast,
Western Australia (Figure 1). Of the six islands,
the islands included in this study – Seal Island
(–32.29° S, 115.69° E) and Carnac Island (–32.12° S,
115.66° E; Figure 1) – have the largest proportions
of N. cinerea hauling out; more than 30 during the
peak season (Osterrieder et al., 2015). Usually less
than 10 N. cinerea haul out at the other
metropolitan haul-out islands (Department of
Parks and Wildlife, unpublished data).
Seal Island is a sanctuary zone where landing is
not permitted, located in the Shoalwater Islands
Marine Park, ≈0.9 km from the coast and ≈45 km
south of Perth (Figure 1). Here, N. cinerea can be
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Figure 1. Seal Island and Carnac Island, largest N. cinerea haul-out sites in the Perth metropolitan area, Western Australia.

viewed on a kayaking or boat tour and the sanctuary
zone’s ‘look, but don’t take’ area offers the highest
level of protection allowing boating, snorkelling
and nature appreciation activities, but prohibits
ﬁshing (DEC and DoF, 2011). Neophoca cinerea
predominantly haul out on the beach of ≈0.27 ha
(estimated from a Google Earth, 2014 image from
1 January 2014) on the eastern side of the island.
They also haul out adjacent to the shrubs or caves
at the southern bay on occasion, but have not been
seen to haul out on the other sides of the island
that comprise mostly rocky outcrops.
Carnac Island (≈10 km south-west of the
Fremantle coast and 15 km south of Perth;
Figure 1) is an A class nature reserve, with part of
the island designated as a sanctuary zone. Access

to most of the island is prohibited, but the
southern part of the eastern beach is available for
public access during the day (CALM, 2003). The
eastern beach is ≈0.78 ha (estimated from a
Google Earth, 2014 image from 1 January 2014)
and N. cinerea mainly haul out on this sandy
beach. Charter and tour vessels travel to Carnac
Island, though less frequently than to Seal Island.
Both, Seal and Carnac islands, can also be easily
accessed by private recreational vessels.
Experimental design
Count data for Seal and Carnac islands, either
conducted by an observer located on the islands,
or remotely using a locally installed, live video
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camera, were collected over a period of two years,
between June 2012 and April 2014 (Figure 2(a)).
Within this period, individual responses to
anthropogenic activities were recorded over
5 months, from the end of November 2013 until
the end of April 2014.
Observations at Seal Island were predominantly
made from a vantage point located on the island
with a view of the entire beach, using either the
naked eye or binoculars (Nikon Eagleview
8–24 × 25). Transfer issues restricted travel to Seal
Island between July and August 2012 and on
9 October 2012 (Figure 2(a) and (b)). As a result,
observations during those times were made from a

vantage point on the mainland (32.2855° S,
115.7035° E), with the entire beach area in view,
using either a telescope (115 mm Tasco reﬂecting
with either a 25 mm, 20 mm or 10 mm eye piece
with 36×, 45× or 90× magniﬁcation, respectively) or
a spotting scope (Televid 77 with 20× to 60× zoom).
Data for Carnac Island were predominantly
collected remotely, via an at the time of operation
live, remote controlled camera (AVT284 IP
Camera with remote Pan, Tilt, and Zoom
capability and 22× optical zoom) with a radio link
to a local Department of Parks and Wildlife ofﬁce
(using a Proxim 8150 PTP microwave radio link).
The camera was located overlooking the eastern

Figure 2. (a) Sampling frequency with number of counts conducted per sampling day (Carnac Island is demarcated in black, Seal Island in blue, and
dashed line at end of November 2013 indicates the start of the collection of disturbance data). (b) Sampling method used throughout the sampling
period displayed in Figure 2(a) (black stripes = remote, including Seal Island observations from the vantage point in Shoalwater using the telescope
or spotting scope, and Carnac Island observations with the remote controlled, live camera). (c) Maximum number of vessels (○) and N. cinerea (+)
observed on Carnac Island (black) and Seal Island (blue) each day during 166 survey days between June 2012 and April 2014.
Copyright # 2016 John Wiley & Sons, Ltd.
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beach. Direct observations made on Carnac Island
from the same vantage point as the camera were
conducted between the end of November 2013 and
the end of April 2014, with the exceptions of the 8
and 13 January 2014 (Figure 2(a) and (b)). To
minimize disturbance caused by the researchers
upon arrival, the vantage points on Seal and
Carnac islands were approached from a small bay
at the back of the beach (Seal Island), or by landing
in gaps between N. cinerea (Carnac Island), always
remaining as far away from N. cinerea as possible.
While on-island, observations were always
conducted from a range >20 m, movement
minimized (e.g. no sudden standing up) and
conversation kept to a level thought to be inaudible
at the ranges where N. cinerea had hauled out.
Remote observations were limited to counts of
vessels and ‘People’ (i.e. people in the water or on
the beach, not attached to any ﬂoatation device,
and herein classiﬁed as ‘People’) to ensure
comparable and accurate data were collected.
More detailed behavioural data were collected
only when observers were on the islands. The
telescope and spotting scope were considered to
give sufﬁcient magniﬁcation for easy and accurate
counts, and the remotely operated camera has
previously been shown to reﬂect counts accurately
(Salgado Kent and Crabtree, 2008).
Counts of vessels, ‘People’ and N. cinerea
All vessels approaching or passing within
approximately 400 m of the beach were counted
by one to three observers during island-based
monitoring. In addition, counts were made of all

‘People’ and N. cinerea within view, either on land
or in the water. Counts were generally conducted
during 5 to 10 min scans, and were made every
hour primarily between 08:00 and 16:00 h, with
the exceptions of inclement weather or when
technical difﬁculties cut some days short.
Neophoca cinerea known to be present during the
count but temporarily out of view (i.e. sighted
when going behind rocks and again when coming
back into view) were also recorded.
Hourly counts conducted remotely were carried
out by panning from north to south, from one side
of the beach to the other, to count vessels, ‘People’
and N. cinerea (Salgado Kent and Crabtree, 2008).
The zoom on the live camera was used to aid
counts when necessary, particularly to distinguish
N. cinerea from some rocks on the far, southern
part of the beach.
Behavioural responses to anthropogenic activities
An observer recorded arrival and departure times of
anthropogenic stimulus types (e.g. vessels, and
‘People’, Table 1), including the time ‘People’
entered or left the water or the beach, on a
dictaphone. These arrival and departure times
were used to calculate the total number of ‘People’
and vessels, except on ﬁve days when high activity
and numbers of vessels at Carnac Island (up to a
maximum of 36 vessels and 20 ‘People’ at any one
time) made this unfeasible. During these periods,
counts were conducted every 5 to 15 min instead
to determine totals and numbers of N. cinerea
present during each behavioural response taken
from the nearest count. At all other times on

Table 1. Deﬁnition of stimulus categories
Stimulus type
People
Paddle powered/(Paddlers)
Small vessels
Medium vessels
Large vessels
Tour vessels
Jet ski
Aircraft

Description
People in the water or on the beach, not attached to a ﬂoatation device or vessel. On Carnac ‘People’
occurred in the water and on the beach. On Seal Island people were restricted (legally) to the water
(except for on 10 occasions when people accessed the island illegally)
Small vessels ≤3 m in length with no engine (e.g. kayak, paddleboard, canoe, row boat, body board)
Vessels up to 6 m in length (e.g. recreational/ﬁshing vessels, dinghies)
Vessels >6 m and ≤15 m in length with a single deck (including government department vessels and
power/speed boats)
Vessels >15 m in length or ﬁtted with multiple decks (e.g. charter boats, catamarans, party boats,
commercial dive vessels, and sailing boats)
Vessels visiting the islands with the aim of observing N. cinerea (these were usually medium sized
vessels on Seal Island and large vessels on Carnac Island)
Jet propelled personnel water craft
Planes (usually scenic and military) and helicopters
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Carnac Island and at all times on Seal Island vessel
numbers were accounted for at each response.
During these ‘busy’ periods, particular attention
was paid to those closest to N. cinerea and vessels
involved in activities anticipated to have greater
impacts (e.g. varying the engine throttle or playing
music) to capture detailed behavioural response
information. Overall documented responses of
interactions anticipated to have ‘lower’ impacts
were not affected. Rather, the more detailed
information was used separately – for focal
behavioural response analysis.

‘People’s and vessels’ activities (Tables 2 and 3),
including the times the activities were undertaken,
were also recorded. Groups of ‘People’ were
deﬁned as one or more closely-spaced humans
displaying similar or associated behaviour.
Groups of vessels (such as several kayaks
travelling in close proximity) were considered in
the same way.
Vessel categories included ‘Paddle powered’,
‘Small’, ‘Medium’, ‘Large’ and ‘Tour vessels’ as
well as ‘Jet skis’, and ‘Aircrafts’ (Table 1). Vessel
activities included 10 categories ranging from

Table 2. Deﬁnition of human activities associated with vessels ordered from highest to lowest anticipated impact
Activity classiﬁcation

Description

Interact
Approach/Follow N.
cinerea
Anchor noise
Engine noise

Vessels interacting with N. cinerea, including: animals following a vessel, swimming or porpoising around a vessel
Vessels which are seeking to interact with N. cinerea by approaching for a better view, driving in circles around N. cinerea
or following/chasing N. cinerea
Setting or retrieving the anchor with associated rattling noise of the anchor chain and splashing when dropping the anchor
Activities producing higher level of engine noise than when travelling, including revving engine, reversing, travelling with
particularly noisy engines
Activities within the vicinity of the beach, including approaching, staying close to or leaving the beach, and landing on the
beach
Travelling at moderate to fast speeds (including rapid circles)
Travelling at a slow speeds (such as paddling)
Approaching, passing, leaving or returning to the vicinity of the island, including paddle powered vessels placed in the
water from a vessel anchored off Carnac Island
Activities with no or low movement and/or noise levels associated with them, including drifting, vessels anchored, or no
activity
Planes or helicopters ﬂying overhead

Close to beach
Moderate/fast travel
Slow travel
Transit
Drift/At anchor
Aircraft noise

Table 3. List of categories used for recording anthropogenic activities in the order of the highest to lowest anticipated impact levels (if different
activities were performed at the same time, the highest activity was recorded). Abbreviated activity names used in text and ﬁgures are marked in bold
Activity
Direct/Invasive Interaction
Deliberately Attracting Attention

Mutual Interaction
Viewing
Incidental Activities

Water-related Activities
Low-level Recreational Activities

Description
Invasive activities in direct contact or attempting direct contact with N. cinerea, including touching N. cinerea
directly or with a tool (e.g. stick), feeding N. cinerea (including throwing ﬁsh towards N. cinerea), throwing
objects towards N. cinerea, and splashing water at N. cinerea
Activities seeking N. cinerea’s attention and provoking responses, without N. cinerea’s engagement, including
splashing water (to attract N. cinerea, but not splashing directly at them), imitating N. cinerea noises (barking),
clapping, honking, and banging vessel, hitting paddles on the water’s surface, following N. cinerea (usually
swimming), circling N. cinerea (e.g. standing/crowding around N. cinerea in a circle), yelling, screaming,
whistling, loud talking, laughing, loud speaker systems on vessels, playing music, barking dog, jumping into
the water
Interacting, people and N. cinerea engaged with each other, i.e. people playing with N. cinerea (in the water),
such as mimicking N. cinerea behaviour and achieving a similar response from the N. cinerea
Activities involved in viewing N. cinerea such as standing and observing N. cinerea, taking photos, being in
close proximity to N. cinerea, approaching, passing or leaving N. cinerea, retreating from aggressive N. cinerea
Activities not aimed to provoke N. cinerea responses, typically occurring on the beach or in shallow
(knee-deep) water, including playing on the beach, dragging a boat onto the beach or into the water,
picnicking, talking at a conversation level (including humans on a vessel), walking on the beach, in the wash
zone or in shallow water (but not passing N. cinerea)
Activities undertaken in the water (more than knee-deep) including swimming, snorkelling, diving, playing in
water (but not interacting with N. cinerea), entering and leaving water from the boat, ﬁshing
Activities, not ﬁtting in previous categories and only when of low level noise, and without rapid movements
such as ‘quiet’, i.e. barely audible talking humans not moving or moving little on the boat or beach,
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activities anticipated to have a low impact, such as
‘Drifting’ and ‘At anchor’, to those anticipated to
have a high impact such as ‘Interactions with N.
cinerea’ (Table 2). Activities undertaken by
‘People’ fell into one of seven categories ranging
from ‘Low-level’ recreational activities to ‘Direct’,
invasive interactions (Table 3). Neophoca cinerea’s
behavioural responses to the activities were classed
as ‘Aggressive’, ‘Retreat’, ‘Enter water’, ‘Interact’,
‘Travel’, ‘Sit’, ‘Lift head’, ‘Move head’, ‘Look’,
and ‘No response’ (Table 4). If multiple activities
occurred at the same time (e.g. standing close to
and watching N. cinerea – ‘Viewing’ activity) and
clapping hands or screaming (‘Attract’ activity),
the activity with the highest anticipated impact
was recorded (‘Attract’ in this example; Table 3).
Similarly, if a N. cinerea responded with multiple
behavioural responses (e.g. ‘Moving its head’ to
look towards the stimulus and ‘Sitting’ up at the
same time) the highest response level was recorded
(‘Sit’ in this case; Table 4). Ethograms were
compiled based on proven techniques from
previous studies (Beentjes, 1989; Cassini et al.,
2004; Salgado Kent and Crabtree, 2008; Bowles
and Anderson, 2012), and adjusted to capture
those relevant to this study. For each interaction,
numbers of N. cinerea responding, frequency of
responses and N. cinerea’s behavioural response
types were recorded. Neophoca cinerea do not
have readily identiﬁable patterns and do not often
have scars which aid discrimination among
individuals. Therefore, on some rare occasions,
during periods when greater numbers were
hauling out and multiple individuals responded to

the different stimuli, it was not always possible to
assign responses to particular individuals.
Whenever possible, distances and angles from the
observer to the stimuli (vessel or ‘People’), from the
observer to the N. cinerea closest to the stimulus,
and from the observer to any N. cinerea
responding to anthropogenic activities (regardless
of the distance) were measured using laser
rangeﬁnder and compass (TruPulse 360 R with
accuracies of ±0.5 m in distance to high quality
targets such as N. cinerea and stimuli types, and
±1° azimuth). The distance between the stimulus
and the nearest N. cinerea (unless another N.
cinerea was responding to the stimulus which was
then measured) was calculated using basic
trigonometry. Distances were not measured on 18
January 2014 at Carnac Island, on 28 December
2013 and 3 April 2014 at Seal Island, nor after
10:05 h on 8 March 2014 on Seal Island because
of the unavailability of the rangeﬁnder or the lack
of functioning replacement batteries. Neophoca
cinerea in the water did not typically present a
sufﬁciently reﬂective target for the rangeﬁnder and
could not be measured. When appropriate,
distance from the closest vessel or ‘People’ to the
closest N. cinerea was estimated in N. cinerea
body lengths (≈2 m) and was used for estimating
distances up to 10 m. ‘People’ within arm’s reach
of a N. cinerea were recorded as at 1 m and
those touching a N. cinerea, as 0 m. Distances
were measured when N. cinerea responded to
groups of vessels or ‘People’ (in the water or
on beaches) and when groups were seen to
approach N. cinerea.

Table 4. Deﬁnitions of response types of N. cinerea responses to vessel and human activities, in order from highest to lowest level anticipated responses
(if different responses occurred in combination with each other, the most severe was recorded)
N. cinerea response
Aggression
Retreat
Enter water
Interact
Sit
Travel
Lift head
Move head
Look

Description
Aggressive behaviour displayed towards a stimulus (e.g. gaping or lunging at ‘People’)
N. cinerea walking or swimming away from vessels or ‘People’ to deliberately increase the distance between vessel/’People’
N. cinerea entering water, including running into water
Socializing with vessels or ‘People’, includes behaviours such as porpoising, spy hopping, following and swimming in circles
around vessels or ‘People’
N. cinerea sitting upright, including when near or facing a stimulus
N. cinerea swimming or walking in a speciﬁc direction (e.g. swimming or walking past ‘People’)
N. cinerea lifting its head off the sand, such as when looking at a stimulus
N. cinerea moving its head by turning its head and looking around when sitting up or after lifting its head, such as when
looking at vessels or ‘People’
Opening or moving eyes to look at a stimulus (i.e. vessels or ‘People’)
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Analytical approach
Overall numbers of each vessel type and ‘People’,
and numbers of N. cinerea were based on data
collected over the entire study period. However,
for comparing responses of N. cinerea with
anthropogenic disturbance at Carnac and Seal
islands, a subset of data was used from the same
period at both islands (from 20 November 2013 to
27 April 2014), to ensure observations had
comparable seasonal conditions. Observation
effort at the two islands differed by 8 h (equivalent
to approximately one survey day of 20), thus
effort was accounted for by normalizing the
frequency of activities and responses at each of the
islands to an hourly rate. ‘Aircrafts’ were
considered in analyses of the total numbers of
groups of stimulus types visiting and in the total
number of responses elicited by anthropogenic
activities. However, owing to their relatively low
overall numbers and different types of behaviours,
they were excluded from all other analysis. All
analyses and ﬁgures were produced using R
version 3.2.0 (R2014) run through RStudio
Version 0.98.1103 – # 2009–2014 RStudio, Inc.
Number of vessels and ‘People’
The number and composition of different stimulus
types at Carnac and Seal islands were compared
using Pearson’s Chi2 tests with Yates’ continuity
correction (Yates, 1934). While sampling effort
was approximately 6% greater on Seal Island
than on Carnac Island, Chi2 tests are robust
with unequal sample sizes (McHugh, 2013).
Furthermore, the difference in sampling effort
between the islands was small.
The duration of visits and minimum approach
distances of stimulus types at Carnac and Seal
islands were compared using Kruskal–Wallis tests
(Kruskal and Wallis, 1952). Comparisons of
duration and minimum approach distances
between Carnac Island and Seal Island for the
different vessel types and ‘People’ were also
analysed using Kruskal–Wallis tests.
For all analyses on numbers of each stimulus
type, duration of their visits, and their minimum
approach distances, multiple tests were conducted
using the entire dataset and several subsets of the

data. Therefore, the family-wise error rate (the
probability of rejecting at least one null hypothesis
erroneously) could be expected to increase since
the tests are no longer independent. A sequential
Bonferroni correction on the P-values considered
as signiﬁcant was therefore applied (Rice, 1989).
Eight Chi2 tests were performed on the exposure
of N. cinerea to the number of stimuli and were
considered signiﬁcant when P <0.006. Duration
and minimum approach distance of different vessel
types and ‘People’ were considered signiﬁcant
when P <0.006 and P <0.005 to account for the
eight and nine Chi2 tests conducted, respectively.
Behavioural responses to anthropogenic activities
On occasion, individual N. cinerea responded
several times to a single stimulus, sometimes in
quick succession, such as ‘Lifting their head’ to
‘Look’ at the stimulus and then ‘Sitting up’ within
a few seconds or minutes. If the same individual
(N. cinerea A, for example) responded to the same
stimulus within a 5 min period only one response,
the behaviour considered to represent the greatest
response, was used in analyses. If, however,
N. cinerea A responded to a different stimulus at a
different location, or a different individual
(N. cinerea B) responded to the same stimulus as
N. cinerea A, these were counted as separate
responses. Once the 5 min period was completed, a
response to the original stimulus by N. cinerea A
was counted as a new response. During a
subsample of 310 responses, the number of repeat
responses (i.e. responses to the same stimulus by
the same individual) occurring more than 5 min
after the initial responses and prior to the stimulus
departing the area occurred <3% of the time.
Ongoing ‘Interactions’ between humans and N.
cinerea can feasibly extend over 5 min (for
example a N. cinerea may follow a vessel or play
with a person for a prolonged period). Continued
‘Interactions’ of this sort (also exceeding 5 min)
with one stimulus group were analysed as a single
‘Interaction’ response.
The number of N. cinerea responses to each
stimulus type were compared among each other
and between islands. In addition, a comparison of
number of responses for each behaviour type was
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made among the stimulus types and the two islands.
Either the Chi2 test, or in cases with small sample
sizes Fisher’s exact test (Fisher, 1922; Yates,
1934), were used. A sequential Bonferroni
correction was carried out and P-values of
P <0.005, P <0.005, P <0.008 and P <0.007 were
considered as signiﬁcant for analyses of the
number of responses for each behavioural type
level to: groups of vessels vs. groups of ‘People’
regardless of the location, a stimulus regardless of
the type (vessels and ‘People’ combined) at Carnac
Island vs. Seal Island, groups of ‘People’ at Carnac
Island vs. Seal Island, and groups of vessels at
Carnac Island vs. Seal Island, respectively (Rice,
1989). To assess whether the percentage of
N. cinerea responding (of those hauled out at any
one time) was related to the number of vessels and
‘People’ visiting the island at that time, a linear
regression was applied to the data and the
corresponding R2 value was calculated.
To investigate the inﬂuence of stimulus activities
(regardless of whether they were on a vessel,
swimming, or on land), N. cinerea behavioural
responses to each activity level were calculated per
hour of sampling effort and plotted. Response
behaviours per hour of sampling effort were also
calculated for each stimulus type and plots were
used for comparisons.
Response distances
The relationship between stimulus range and
frequency of occurrence of a response was
investigated through histograms. To ensure all
possible errors were accounted for across all
ranges between stimulus and N. cinerea (maximum
error ranges over all measured distances averaged
1.77 m (±0.96 SD) due to triangulation error), and
for ease of viewing, the distances were analysed in
5 m bins. This was also plotted for the stimulus
groups and activity types.
RESULTS
Numbers of vessels, ‘People’ and N. cinerea
Vessels, ‘People’ in the water or on the beach, and
N. cinerea were observed on 127, 57 and 163 days,
respectively, during a total of 166 survey days

(Figure 2). On Seal Island, 619 hourly counts were
made during 78 days, and on Carnac Island 709
hourly counts were conducted on 88 days.
Between 20 November 2013 and 27 April 2014,
when behavioural responses to anthropogenic
activities were recorded from observation points
on the islands, 134 h of observations were
conducted over 19 days on Carnac Island and
142 h during 20 days on Seal Island. Eight of the
days spent on each island were weekend days or
public holidays. Over the 6-month period, a
maximum of 35 and 21 vessels and a maximum of
19 and six ‘People’ were recorded at any one time
on Carnac and Seal islands, respectively
(Figure 2). During this period, 402 and 521 groups
of vessels and 164 and 38 groups of ‘People’ were
observed on Carnac and Seal islands, respectively.
Owing to the high number of vessels visiting
during 5 days at Carnac Island, several vessels
were unaccounted for and the total number of
groups of vessels on Carnac Island is therefore
probably an underestimate by an order of tens of
vessels (cf. Orsini, 2004).
Signiﬁcantly more vessels visited the islands than
‘People’ (P <0.0001, Table 5), and both varied
signiﬁcantly. The total number of groups of vessels
was greater on Seal Island than on Carnac Island;
however, the number of groups of vessels on
Carnac Island was underestimated on 5 days. The
composition of vessel types during these days was
similar to the overall composition of vessel types
on the remaining days. It is likely that the sample
accurately represents the data, hence, the total
number of vessels is reported with the inclusion of
the 5 days. The exposure of N. cinerea to different
vessel types differed between Seal and Carnac
islands (Table 5, Figure 3). While ‘Small vessels’,
‘Paddle powered’, and ‘Tour vessels’ visited Seal
Island most frequently, Carnac Island was mostly
visited by ‘Medium’ and ‘Large vessels’
(P <0.0001 for each vessel type except for ‘Large
vessels’, Table 5, Figure 3). ‘Large vessels’ were
only observed on Seal Island on one occasion.
Carnac Island was visited by more than four times
as many groups of ‘People’ as Seal Island
(P <0.0001, Table 5).
The duration of time stimulus source spent in
proximity to N. cinerea varied signiﬁcantly among
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Table 5. Results of Chi and Kruskal–Walis tests comparing the number of groups of vessels of different types and ‘People’ visiting, the duration of
visits, and the minimum approach distances to N. cinerea at Carnac and Seal islands. Numbers in bold represent signiﬁcant values, type of test
2
2
2
added as + Chi test or * Kruskal–Wallis rank sum test, and X or KW-X , respectively, in brackets following the P-value. (Sample size for ‘Large
vessels’ were too small for calculations and not included.)
P-value:Number
stimuliCarnac vs. Seal
Overall
People
Paddle powered
Jet ski
Small vessel
Medium vessel
Tour vessel
Carnac only, stimuli overall
Seal only, stimuli overall
Bonferroni corrected P-value for
signiﬁcance
+

16

(91.895)+
<2.2
16
(78.594)+
<2.2
16
(147.63)+
<2.2
0.00343 (8.565)+
16
(105.98)+
<2.2
16
(65.447)+
5.971
16
(94.308)+
<2.2
NA
NA
0.006

P-value:Duration
stimuliCarnac vs. Seal
07

3.608
(25.893)*
0.4378 (0.602)*
0.6561 (0.198)*
0.9746 (0.00101)*
0.000933 (10.956)*
0.0319 (4.606)*
NA
0.000203 (26.219)*
0.0487 (11.141)*
0.006

P-value:Min approach distance
stimuliCarnac vs. Seal
16

<2.2
(179.29)*
0.687 (0.162)*
0.310 (1.034)*
0.371 (0.801)*
06
3.065
(21.775)*
0.434 (0.609)*
<0.005 (7.881)*
16
(17.349)*
<2.2
10
(50.89)*
9.111
0.005

2

Chi test
*Kruskal–Wallis rank sum test

Figure 3. Percentage of groups of vessels observed visiting Carnac
Island and Seal Island. Percentages are of the total at each island
rather than the total combined at both islands. Values on top of each
bar display the number of times each vessel type was observed (with
Carnac Island having 134 h, and Seal Island 142 h of sampling effort
between November 2013 and end April 2014).

stimulus types at Carnac Island (P = 0.0002,
Table 5, Figure 4), but not at Seal Island
(P = 0.05) spending on average 0.56 h (±0.79 SD)
at Carnac Island and 0.23 h (±0.30 SD;
P <0.0001) at Seal Island. At Carnac Island, the
variation among vessel types was greater with ‘Jet
skis’ staying the shortest periods (on average 6 min),
and ‘Tour vessels’ and ‘Large vessels’ staying up to
several hours at Carnac Island; longer than any
vessel type at Seal Island. The sample size, however,
was too small to test for differences (Figure 4).
Minimum approach distances varied signiﬁcantly
among vessel types and ‘People’ on each island

Figure 4. (a) Duration (h) and (b) minimum approach distance (m) of
‘People’ and vessels staying in the vicinity of Carnac Island and Seal
Island. Values next to each bar display sample size of recorded
approach and departure times for groups of vessels and ‘People’
observed (with Carnac Island having 134 h and Seal Island having
142 h sampling effort between November 2013 and end April 2014).
* = signiﬁcant differences between the islands.

(P <0.0001, Table 5, Figure 4) as well as between
Seal and Carnac islands (P <0.0001). The average
distance to which groups of vessels approached
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N.cinerea was 57.5 m (±64.1 SD) and 34.4 m (±33.5
SD) on Carnac Island and Seal Island, respectively.
‘People’ approached N. cinerea more closely than
any other stimuli type at both islands, on average
10.8 m at Carnac Island and 15.7 m at Seal Island.
Number of responses
In total, 1348 responses were recorded. Of those,
1300 responses were associated with vessels and
‘People’, and 48 with ‘Aircrafts’. Of the responses
to ‘Aircrafts’, nine occurred on Carnac Island and
39 on Seal Island (Figure 3). ‘Aircrafts’ were not
included in statistical analysis owing to their
combination of relatively small sample size, lack
of determined range, and non-distinct noise source
direction. Of the responses to vessels, 250 occurred
at Carnac Island and 568 on Seal Island. The total
numbers of responses to ‘People’ were 373 on
Carnac Island and 109 on Seal Island, signiﬁcantly
more than to vessels in relation to the total
number of stimuli (P <0.0001, Table 6).
Overall, 40% and 39% of all groups of vessels on
Carnac Island and Seal Island, respectively, elicited
one or more responses from one or more N. cinerea
(Figure 5). ‘Aircrafts’ ﬂying over or past the islands,
triggered responses in 67% and 81% of their passes
from one or more N. cinerea at Carnac Island and
Seal Island, respectively. Neophoca cinerea
responded to 66% and 74% of all groups of
‘People’ at Carnac Island and Seal Island,

Figure 5. Percentage of groups for the different stimulus types (different
vessels and ‘People’) that elicited one or more responses from one or
more N. cinerea (with Carnac Island having 134 h and Seal Island
having 142 h observation effort between November 2013 and end
April 2014). Values on top of each bar display the sample size of
groups of vessels or ‘People’.

respectively. The percentage of different vessel
types that triggered responses in one or more N.
cinerea varied little between the islands apart from
‘Jet skis’ and ‘Large vessels’. A regression applied
to assess whether the percentage of N. cinerea
responding (of those hauled out at any one time)
was related to the number of vessels and ‘People’
visiting the island at the time, did not reveal a
linear relationship (Seal Island: adjusted
R2‘People’ = 0.01, adjusted R2vessels = 0.0007; Carnac
Island: adjusted R2‘People’ = 0.006, adjusted
R2vessels = 0.001). There was also no obvious

2

Table 6. Results of Chi and Fisher’s exact tests comparing the number of N. cinerea responses elicited by groups of vessels and ‘People’ at Carnac and
+
2
2
Seal islands. Numbers in bold represent signiﬁcant values, type of test added as Chi test or * Fisher’s exact tests, and X or odds ratio, respectively, in
brackets following the P-value. (Aggressive responses were not observed at Seal Island, and therefore not included analyses.)
P-value:
Number responses
vessels vs. ‘People’
Overall
Retreat
Enter water
Interact
Travel
Sit
Lift head
Move head
Look
Bonferroni corrected P-value for
signiﬁcance
+

16

(74.755)
<2.2
08
3.516
(0.0696)*
11
+
(44.17)
3.01
14
+
2.511
(58.085)
03
2.372
(0.274)*
08
+
6.926
(29.085)
03
+
3.78
(8.386)
03
+
1.314
(14.622)
03
3.257
(0.240)*
0.005
+

P-value:
Number responses
Carnac vs. Seal
+

0.317 (0.999)
03
+
4.234
(8.181)
+
0.353 (0.862)
05 +
0.994 (5.106 )
28 +
1 (2.672 )
+
0.625 (0.239)
04 +
0.983 (4.524 )
+
0.63 (0.232)
+
0.714 (0.135)
0.005

P-value:
Number responses to
‘People’Carnac vs. Seal
+

0.491 (0.474)
NA
04
1.225
(0.1589)*
+
0.581 (0.305)
0.439 (0.604)*
+
0.818 (0.0530)
+
0.61 (0.260)
NA
NA
0.008

P-value:
Number responses to vessels
Carnac vs. Seal
05

+

(13.725)
NA
+
0.561 (0.337)
+
0.0305 (4.68)
+
0.718 (0.131)
03
+
3.451
(8.552)
+
0.274 (1.199)
+
0.273 (1.201)
NA
0.007
2.116

2

Chi test
*Fisher’s exact tests
NA: sample size too small for calculation
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non-linear pattern associated with the total number
of vessels or ‘People’ at either island.
Response distances
Out of the total 1300 responses (623 and 677 on
Carnac Island and Seal Island, respectively,
excluding aircrafts), the distance between a
stimulus and a responding N. cinerea was
measured for 482 responses; 280 on Carnac Island
and 202 on Seal Island. For the remaining 973
responses, a number of factors inhibited measuring
the response distance; including lack of available
range ﬁnder on survey, multiple N. cinerea
responding either simultaneously or in short
succession, multiple active stimuli, or a fastmoving stimulus. Responses were triggered
between 0 and 345 m, with a mean of 29.6 m
(±39.18 SD). The majority of responses of N.
cinerea elicited by vessels or ‘People’ were
observed from the shortest ranges (≤10 m) to N.
cinerea, and decreased with increasing distance,
most prominently at Carnac Island (Figure 6). The
number of responses measured between 0 and 5 m
at Carnac Island was double that at Seal Island,
and N. cinerea appeared to respond to vessels and
‘People’ at greater distances at Carnac Island
(Figure 6). Responses triggered from medium
ranges (15–50 m), were predominantly due to
‘Tour vessels’ and to a lesser extent to ‘Paddle

Figure 6. Number of N. cinerea responses occurring at 5 m binned
distances at Carnac Island (n = 280) and Seal Island (n = 202),
displayed on log 10 transformed axis. Loess smoothers for Carnac
Island (black) and Seal Island (grey) with 95% conﬁdence intervals
were added to aid visual interpretation.

powered vessels’ at Seal Island, and ‘Small vessels’
at Carnac Island (Figure 7).
All activities carried out by ‘People’ (regardless
of whether on board, in the water or on the beach)
potentially induced a response within 10 m, and
the probability of a response increased within 5 m
range (Figure 8). Overall, the shortest ranges
causing the highest number of responses were from
‘Viewing’ (11.9 m ± 11.27 SD) and ‘Low-level’
activities (41.4 m ± 43.61 SD), followed by
‘Interacting’ (5.73 m ± 1.77 SD). The number of
responses decreased with increasing distances for
most activities (Figure 8). Distance had less effect
than activity when humans were involved in
‘Attracting’ greater numbers of response
occurrences at longer distances. Although the
frequency of responses to ‘Low-level’ activities
decreased with increasing distance, many
responses were still triggered beyond 30 m.
Response behaviours
‘Lift head’, ‘Interaction’ and ‘Sit’ were the most
frequent behavioural responses triggered by both
vessels and ‘People’ (Figure 9). All behavioural
responses were more likely caused by ‘People’ than
vessels on a per visit basis (P <0.005 for each
response level; Table 6, Figure 9). The number of
responses provoked by ‘People’ did not vary
signiﬁcantly between Carnac and Seal islands
(P = 0.5, Table 6). ‘Aggressive’ behaviours, however,
occurred only at Carnac Island, in response to
‘People’. ‘Retreat’ behaviours occurred mainly at
Carnac Island, also mostly in response to ‘People’
(P = 0.004 Carnac/Seal for ‘Retreat’ behaviour;
Figure 9). At Carnac Island, ‘Viewing’ elicited the
most responses, however, on Seal Island ‘People’
involved in ‘Interact’, ‘Attract’, ‘Viewing’ or ‘Water’
activities all elicited responses (Figure 10). ‘Lift head’
accounted for half of the total number of responses
at Seal Island provoked by vessels and was triggered
at a rate of about 1 h 1 at Carnac Island and
>2 h 1 at Seal Island (Figure 9). The relationships
between the different types of response to each
stimulus group are shown in Table 6 and displayed
in Figures 10 and 11. ‘Small’ and ‘Medium vessels’
elicited most responses at Carnac Island. Of the
vessel activities and anthropogenic activities on

Copyright # 2016 John Wiley & Sons, Ltd.

Aquatic Conserv: Mar. Freshw. Ecosyst. (2016)

254

S. K. OSTERRIEDER ET AL.

Figure 7. Number of N. cinerea responses elicited by groups of ‘People’ and vessels at Carnac Island and Seal Island, in 5 m bins and truncated at 100 m.

Figure 8. Frequency of N. cinerea responses elicited by ‘People’s’ activities on board, in the water and on the beach at Carnac Island and Seal Island, in
5 min bins and truncated at 100 m.

vessels at Carnac Island, ‘Anchor’ and ‘Engine’
noises elicited most responses in N. cinerea (Figure
S2). At Seal Island, most vessel related responses
were triggered by ‘Low-level’ activities (Figure S2).
DISCUSSION
Neophoca
cinerea
regularly
respond
to
anthropogenic activities and the response type and
frequency can be dependent on the stimulus itself,
its range and the activity. In this study,
anthropogenic stimulus and activity types varied
at two differently managed islands. While response

levels were, in general, similar at both locations,
the most severe behavioural response levels,
‘Aggressive’ and ‘Retreat’, occurred mostly at
Carnac Island, predominantly elicited from
approaches by ‘People’ and probably because of
their proximity (≤10 m) to N. cinerea. The
majority of responses were generated from stimuli
that achieved the closest range and decreased with
increasing range. Responses elicited at greater
ranges were more likely to occur when stimuli
were undertaking activities associated with
elevated noise levels or actions directed at
attracting N. cinerea’s attention.
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Figure 9. Number of N. cinerea responses per hour of sampling elicited
by (a) ‘People’ and (b) vessels at Carnac Island and Seal Island
(excluding ‘Aircrafts’). Numbers above each bar indicate the total
number for each behaviour observed (Carnac: 134 h, Seal: 142 h
sampling effort between November 2013 and end April 2014).

Distance has been identiﬁed in many studies as
the main factor in altering pinniped behaviour,
eliciting stronger responses when disturbance
occurred within closer ranges (Cassini, 2001;
Boren et al., 2002; Labrada-Martagón et al., 2005;
Szaniszlo, 2005; Shaughnessy et al., 2008; Strong
and Morris, 2010; Pavez et al., 2014; Young et al.,
2014). Here, ‘Viewing’ activities were associated
with low levels of noise, as any discernible sound
(e.g. screaming, banging objects or splashing
water) reclassed the activity to a higher level.
‘Viewing’ elicited one of the highest rates of
response (apart from ‘Low-level’ activities) and
were mostly conducted at relatively short ranges
where animals could perceive them without
auditory cue (Schusterman and Balliet, 1971;
Schusterman, 1972). In phocids, such close range
approaches of various stimulus types caused Saimaa
ringed seals (Phoca hispida saimensis) (Niemi et al.,
2013) and harbour seals (Phoca vitulina) at various
locations to exhibit avoidance behaviour and enter
the water (Allen et al., 1984; Suryan and Harvey,
1999; Henry and Hammill, 2001; Jansen et al.,
2010; Anderson et al., 2012; Osinga et al., 2012). In
this study, more than 40% of all responses elicited
by ‘People’ were attributed to ‘Viewing’ activities
with most of these approaches being classiﬁed as

Figure 10. Number of N. cinerea responses elicited per hour as a result of groups of ‘People’ undertaking different activities at Carnac Island and Seal
Island (Carnac: 134 h, Seal: 142 h sampling effort between November 2013 and end April 2014).
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Figure 11. Number of N. cinerea responses per hour of sampling elicited by different vessel types at Carnac Island and Seal Island (excluding
‘Aircrafts’; Carnac: 134 h, Seal: 142 h sampling effort between November 2013 and end April 2014).

breaches of the required 5 m minimum distance.
These ﬁndings are consistent with a study of N.
cinerea at Seal Bay, South Australia, which
exhibited elevated response rates, including
aggressive and avoidance behaviours, when
approached within 10 m and even more so when
approached within 5 m (Lovasz et al., 2008).
While distance has a signiﬁcant effect on
responses elicited, human behaviour also has been
noted to signiﬁcantly contribute to disturbance of
otariids (Arctocephalus australis; Cassini, 2001;
Labrada-Martagón et al., 2005; Pavez et al.,
2014), and phocids. Vessel activities that involve
higher in-air noise levels have been shown to have
similar effects to direct, i.e. interactive human
disturbance. Neophoca cinerea in this study ‘Lifted
their heads’ to ‘Engine’ and ‘Anchor’ noise,
similar to Australian fur seals (Arctocephalus
pusillus) that exhibited increased response rates at
higher noise levels of vessels (Tripovich et al.,
2012). It should be noted that the presence of
noise in this study was based on its perceived
presence by researchers located within proximity of
the animals, and was not based on measurements
of in-air noise levels. However, otariid’s hearing
sensitivity includes the frequency band in which
much of the energy from an engine, human speech,
and anchor noise occurs (Gramming et al., 1988;

Richardson et al., 1995; Badinoa et al., 2012;
Muslow et al., 2014). During visits to Seal Island,
the ‘Tour vessel’s’ ampliﬁed guides were regularly
audible to the researchers on the island, and
probably the cause of frequent N. cinerea
responses. This probably also contributes to the
peak of responses occurring at 25–30 m at Seal
Island, reﬂecting the most common shortest range
to which the ‘Tour vessel’ approached. Similarly,
anthropogenic activity in association with noise
was identiﬁed as likely to cause disturbance in
harbour seals, during a non-breeding season in
Iceland (Granquist and Sigurjonsdottir, 2014).
Elevated noise levels of passing ‘Aircrafts’, such as
scenic ﬂights resulted in responses in N. cinerea,
similar to responses of Steller sea lions (Eumetopias
jubatus) and P. vitulina to low-ﬂying aircraft
(Osborn, 1985; Henry and Hammill, 2001; Kucey,
2005; Szaniszlo, 2005).
‘Aggressive’ gaping and launching behaviours in
N. cinerea towards ‘People’ were primarily evoked
by close proximity ‘Viewing’ and occasionally
‘Direct’ invasive activities. Proximity of ‘People’ to
N. cinerea occurred mainly at Carnac Island owing
to easy (and non-restricted) beach access at a limited
number of speciﬁc points, and was probably the
main trigger of ‘Aggressive’ behaviours and higher
numbers of ‘Retreat’ responses here compared with
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Seal Island. Approaches from land are potentially
perceived as a more immediate and greater threat
than approaches by vessels, and the resulting
behaviours have been observed in other pinnipeds
(Stirling, 1972; Boren et al., 2002; Osinga et al., 2012).
While stimulus type had a signiﬁcant inﬂuence on
the level of N. cinerea responses, stimulus types
varied in exposure level, minimum approach
distance and duration between the two islands.
Although not directly studied here, draft associated
with vessel type may limit a vessel’s approach
range to a beach, and thus the distance at which
different vessel types may trigger responses from
hauled out N. cinerea; simply put, larger vessels did
not approach as closely as smaller vessels at either
island. Furthermore, the relative proximity of the
island to the mainland coast also affected the type
of vessel that visited the islands. The close
proximity of Seal Island to shore and its location
within the sheltered waters of Shoalwater Bay,
allowed ‘Paddlers’ to access the island easily and
‘Tour vessels’ to offer multiple trips per day to
view N. cinerea. Thus, the high number of ‘Paddle
powered’ vessels able to approach the island to
within a few metres may explain the high number
of responses at Seal Island. In addition, ‘Paddlers’
elicited responses mostly during ‘Low’-level activities,
i.e. mostly by their presence alone, indicating range,
rather than activity per se, was the driving factor.
Such ‘surprise’ appearances (i.e. no engine noise) at
close range and higher mobility have been thought
to have similar impacts on pinnipeds elsewhere (Allen
et al., 1984; Osborn, 1985; Suryan and Harvey, 1999;
Henry and Hammill, 2001). In comparison, there
were fewer responses to other vessel types, particularly
large vessels associated with large drafts, which on
average were at greater distances from N. cinerea.
Carnac Island’s longer distance from shore is
probably the reason for the greater number of
large vessels visiting compared with Seal Island.
Moreover, the draft associated with larger vessels
meant that they remained further from the beach
than smaller vessels. Furthermore, Carnac Island
has a relatively large area of sandy beach with nonrestricted access by people during the day, resulting
in greater numbers of people on the beach than ‘no
access’ Seal Island. In general, ‘People’ approached
N. cinerea more closely than ‘Paddlers’, possibly

explaining their greater probability of eliciting
behavioural responses. The number of ‘Paddlers’
visiting Carnac Island was approximately 10 times
lower than at Seal Island, maybe due to the
increased distance from the mainland coast.
Apart from Carnac Island’s greater distance from
shore, the intention to visit Carnac Island as a ‘day
trip’, rather than the ‘stop-off’ that Seal Island
represents, may also explain the longer times vessels
stayed at Carnac Island than at Seal Island. ‘People’
visit Carnac Island mainly for other recreational
purposes and ‘Viewing’ N. cinerea is a secondary
activity (Orsini and Newsome, 2005). Conversely,
as landing on Seal Island is prohibited, viewing
N. cinerea is the primary reason for visitation which
most groups carried out for relatively short times
resulting in N. cinerea being exposed to human
activity for shorter individual periods.
The total number of vessels and ‘People’ can have
variable inﬂuences on pinniped reactions (Jansen
et al., 2015). Here, the proportion of responding
N. cinerea did not appear to vary with increasing or
decreasing numbers of vessels or ‘People’, which is
similar to some studies where response behaviours
remained comparatively consistent (Kovacs and
Innes, 1990; Strong and Morris, 2010). However, in
other studies varying behavioural responses
occurred with differing numbers of people in the
vicinity, such as adult male N. cinerea, during the
breeding season reportedly responding to individual
people at greater distances than to groups of people
(Lovasz et al., 2008). In contrast, females and other
age groups observed in the same study did not
show variation when approached by people on
their own or in groups. Lovasz et al. (2008)
speculated that the breeding season may play a role
in responses, but was not able to ascertain what
that might be. Quite the opposite, however, has
been observed in A. australis (Cassini et al., 2004).
Long-lasting interactions between N. cinerea and
vessels or ‘People’ in the water were a common
occurrence in this study (26.5% of all responses),
similar to Arctocephalus forsteri approaching
kayaks or interacting with swimmers from a swim
tour (Boren et al., 2002; Cowling et al., 2014). In
contrast, at Seal Bay, South Australia, N. cinerea
have been recorded to only rarely respond to
interacting behaviours (Lovasz et al., 2008). In this
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study, one example of long-lasting duration
occurred at Carnac Island when no other vessel or
‘People’ were in the vicinity. One adult and three
sub-adult N. cinerea ‘Entered the water’
immediately when one of the marine park rangers
removed star pickets from the beach (always
remaining at >10 m range). The ﬁrst sub-adult to
haul out after leaving the beach did so more than
1 hour after the incident, and more than 40 min
after the rangers’ vessel had left. This is comparable
with Zalophus californianus mostly re-hauling out
within 10 min after disturbance ceased, though they
could take up to 3.5 h (Labrada-Martagón et al.,
2005). Anthropogenic impacts may, therefore, have
altered N. cinerea’s natural behaviour in this study
considerably, especially when N. cinerea ‘Entered
the water’ or began ‘Interactions’, although
‘Interactions’ may have occurred voluntarily.
Arctocephalus pusillus have shown increased
levels of aggression among themselves when
exposed to higher sound levels (Tripovich et al.,
2012). In contrast, similar behavioural changes as
a response to noise were not observed in this
study, and aggressive behaviours towards stimuli
were comparatively rare. This difference may be
explained by age and sex composition of the study
populations, as well as timing within the breeding
cycle (Boren et al., 2002; Labrada-Martagón et al.,
2005; Tripovich et al., 2012; Cowling et al., 2014;
Pavez et al., 2014). How human impacts affect
different age and sex classes is known to vary
between different species of pinnipeds. Females
were more sensitive to anthropogenic activities in
P. vitulina (Selvaggi et al., 2004), whereas subadult males were more responsive to anthropogenic
activities in South American sea lions Otaria
bryonia, and adult male N. cinerea elsewhere
reacted at slightly greater distances than females
and other age classes (Lovasz et al., 2008). In O.
bryonia, more frequent disturbance was elicited
at a breeding site compared with a haul-out
site, whereas female P. vitulina displayed less
pronounced responses, appearing reluctant to leave
their pups (Anderson et al., 2012; Pavez et al., 2014).
The high frequency of anthropogenic activities,
the resulting disturbance, and the time to return to
previous behaviours may have an important effect
on N. cinerea activity and energy budgets of

individual animals. The accumulation over time of
these may lead to long-term effects. Neophoca
cinerea have a ~2.3 times higher ﬁeld metabolic
rate and a ~6.2 times higher basal metabolic rate
than terrestrial animals of comparable size (Costa
and Gales, 2003). Based on this knowledge, the
energy demands on individual N. cinerea are
relatively high. Neophoca cinerea are benthic
foragers and their foraging trips are highly
demanding and energy intensive (Costa and Gales,
2003). Hauling out may help conserve energy and
contribute to recuperation between foraging
trips (Riedman, 1990). Interrupting N. cinerea’s
recovery time from strenuous foraging trips may,
therefore, alter their activity budgets and increase
energetic requirements. This could mean that N.
cinerea frequently responding to anthropogenic
activity while resting, must increase time spent
foraging to gain sufﬁcient energy to offset the time
spent at higher activity levels, which, consequently,
could result in less time spent resting. If N. cinerea
spend less time resting between foraging trips, they
may be more susceptible to disease and other
threats if their ﬁtness is reduced (Taillier, 2014).
This study did not attempt to track movements of
identiﬁed individuals over time or investigate
impacts on overall numbers of animals hauled out.
However, pinnipeds may face displacement from
preferred sites and move to less suitable habitat as
a result of ongoing disturbance (Allen et al., 1984;
Stevens and Boness, 2003; Kucey, 2005). The
impact of anthropogenic activities on overall
numbers of N. cinerea hauling out at Carnac and
Seal islands is unknown, but recommended to be
investigated in future studies.
Habituation to people has been suspected in
N. cinerea at Seal Bay, South Australia. Neophoca
cinerea show more disturbance at a rarely
disturbed site compared with a long-term,
frequently visited site where people are able to
approach within close range (Stirling, 1972; Lovasz
et al., 2008). Carnac and Seal islands are both
visited frequently and N. cinerea may show some
level of habituation, especially considering the high
number of interactions with vessels and ‘People’.
However, quantifying habituation in animals so
commonly visited over such a prolonged period as
occurs at the islands studied would not be trivial.
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Some biases may have been introduced by the
inability to equally measure all distances between
responding animals and stimuli. However, the
difference between the distribution of total minimum
approach distances and that of response distances
illustrate that the sample size across ranges was
sufﬁcient to detect the inverse relationship of
response with range. Furthermore, while behavioural
changes of N. cinerea were excluded when there was
uncertainty as to whether the response was to
anthropogenic activities, some responses might have
been misclassiﬁed as a response to humans, when
they were not. The authors, however, believe that
these cases were rare and that responses were
more likely underestimated. In particular, while
measurements were taken of vessels, ‘People’, and
closest N. cinerea during heavy visitation periods
(although priority was placed on ‘People’, vessels
in close proximity to N. cinerea and vessels
involved in conspicuous activities), some N. cinerea
responses or measured distances may have been
missed. ‘Look’, for example, was often an
inconspicuous behaviour, particularly if N. cinerea
faced away from the researchers, and was therefore
possibly underestimated. A previous study,
conducted at Carnac Island during summer months,
approximately 6 months prior to the N. cinerea
peak season, investigated responses to people. This
documented relatively high numbers of responses in
the three response categories measured (lift head, sit
and look) and include repeated responses to the
same stimuli (Orsini, 2004; Orsini et al., 2006).
Hourly sampling periods, observing these responses
were conducted on one N. cinerea at a time,
totalling 240 N. cinerea sampling periods. The
sampling method and measurements, however,
differ from that of this study, in particular that the
observer was positioned within close proximity to
the animals and thus while detecting a greater
number of low level responses, may also have
contributed to them (Orsini, 2004; Orsini et al., 2006).
Suggestions for management
This study showed that not only did distance play a
major role in eliciting responses in N. cinerea, but
human and vessel activity types were also
contributors. These factors should be included as

primary considerations for programmes aiming at
reducing disturbance. The impact of disturbance
on individual energetics has not been investigated
here and, similar to response levels, are likely to
vary between species and location. However, it is
feasible that many of the following suggestions,
and indeed the current management protocols put
in place by the Department of Parks and Wildlife,
Western Australia, would reduce responses of
N. cinerea if applied to haul-out locations of
pinniped species elsewhere. Thus by increasing the
minimum approach distance for vessels and people
to 30 m, disturbance would be expected to
decrease signiﬁcantly as high rates in this study
were observed at the current minimum approach
distance restrictions of 5–10 m (DEC and DoF,
2011). The frequent breaches of the current limit
was a notable feature in this study, thus enforced
minimum distances may improve the effectiveness
of the regulations. In a separate study in South
America, fencing limited the distance people were
able to access, approach, and view A. australis
from land, and signiﬁcantly decreased human
disturbance, including attacks on people which
were reduced from four in a month to zero
(Cassini et al., 2004). ‘Aggressive’ behaviour
towards ‘People’ and ‘Retreat’ behaviours, were
observed more than once a day on Carnac Island
in 74% of all N. cinerea observation days in this
study. Limiting the approach distance and/or
beach access may reduce the highest response levels
and lower the chances of danger to both humans
and pinnipeds. Designating all of Carnac Island
(rather than a section of the beach) as a sanctuary
zone, as presently exists on Seal Island, may assist
in reducing disturbance. It would perhaps also
provide visitors with a stronger awareness of their
responsibilities when interacting with wild animals.
As a control measure, marker buoys installed 15 m
off the waterline at low tide at Carnac and Seal
islands may reduce the disturbance of N. cinerea
thermoregulating in the wash zone during periods
of higher air temperatures (Marlow, 1975; Riedman,
1990). Creating a demarcation of a boundary with
buoys where vessels and ‘People’ should not pass
may help reduce ‘People’ accidentally beaching their
kayaks (as occurred during 50% of the ﬁeld days at
Seal Island) and also increase awareness of the
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sanctuary zone. In addition, standardizing control
measures across N. cinerea haul-out locations may
assist in generating more consistent behaviour from
the public to limit disturbance. This study has not
investigated the impacts of disturbance on the
energetics of N. cinerea. The following suggestions
are therefore made based on a precautionary
approach, given that the level of effects of disturbance
on N. cinerea energetics has yet to be quantiﬁed.
In general, it is probable that most visitors are not
aware they are causing a disturbance to N. cinerea or
what effects these disturbances may have on
colonies and the overall population (Orsini and
Newsome, 2005). Clear signage and other forms of
information and educational material, including
increased direct communication from patrol
ofﬁcers, may improve awareness of the importance
of haul-out and resting behaviours to N. cinerea
health and body condition. Furthermore awareness
of the potential impacts of noise may alter peoples’
behaviours so that noise levels and overall
disturbance are reduced when in close proximity to
animals (Newsome and Rodger, 2008). In a
previous study, the combination of approaching
slower, maintaining greater ranges, and having
quieter passengers reduced disturbance of P.
vitulina by 60–80% (Hoover-Miller et al., 2013).
In conclusion, this study has shown that a
considerable number of responses and behavioural
changes were elicited by anthropogenic activities.
Signiﬁcant differences occurred between Seal and
Carnac islands in levels of exposure, including the
exposure duration and types of stimuli, as well as
in the elicited response levels. However, most
responses occurred in close ranges to N. cinerea. If
minimum approach distances in guidelines are
increased, and the public is made aware that calm
and quiet behaviour around Seal and Carnac islands
would signiﬁcantly reduce the potential impacts of
anthropogenic activity, the number of responses due
to disturbance may be reduced. Longer-term studies
measuring the cumulative duration of interactions,
assessing the effects of anthropogenic activities on
N. cinerea’s energy budgets, and determining the
impacts of ﬁtness and habitat displacement at an
individual and population level are recommended.
However, it should also be noted that pinniped
responses to humans varies widely between species

and that context is an important factor in the
application of protocols to mitigate disturbance.
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Table A1: Results of the final GAM determining effects of temporal and environmental factors on N. cinerea haul-out numbers.
Parametric terms
Intercept
Period (overall)
Period 2
Period 3
Period 4
Period 5
Period 6
Period 7
Period 8
Location (overall)
Location Seal Island
Time since Sunrise
Tide
Period*Location
(overall)
Period 2*Location
Seal Island
Period 3*Location
Seal Island
Period 4*Location
Seal Island
Period 5*Location
Seal Island
Period 6*Location
Seal Island
Period 7*Location
Seal Island
Period 8*Location
Seal Island
Smoother
Temperature
+

Estimate Std
error
2.5
0.13
–
–
-0.2
0.14
-1.2
0.21
-1.6
0.21
-1.3
0.20
-0.67
0.21
0.31
0.14
0.36
0.14
–
–
0.56
0.13
0.02
0.004
-0.25
0.09
–
–

tvalue
18.4
–
-1.6
-5.9
-7.7
-6.6
-3.1
2.2
2.7
–
4.4
5.3
-3.0
–

df+

F

p-value

–
7
–
–
–
–
–
–
–
1
–
–
–
7

–
32.6
–
–
–
–
–
–
–
19.5
–
–
–
7.3

<2x10−16
<2x10−16
0.11
5.10x10−9
3.96x10−14
7.73x10−11
0.0022
0.027
0.0074
1.12x10−5
1.12x10−5
1.19x10−7
0.0032
1.4x103−8

-0.10

0.18

-0.54

–

–

0.59

-0.004

0.26

-0.02

–

–

0.99

-0.79

0.33

-2.4

–

–

0.017

0.25

0.25

1.0

–

–

0.32

0.50

0.26

1.8

–

–

0.077

-0.36

0.17

-2.1

–

–

0.036

-0.84

0.17

-4.9

–

–

1.12x10−6

–

–

–

4.6
5.34
(edf++ )

df = degrees of freedom
edf = estimated degrees of freedom

++
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0.00014

Table A2: Proportion of juvenile, sub-adult, adult and unknown Neophoca cinerea
hauling out on Seal and Carnac Islands in Period 1 to 8 (n = sample size of field
days on the particular island and season).
Period Island (n)
1
1
2
2
3
3
4
4
5
5
6
6
7
7
8
8

Carnac (11)
Seal (13)
Carnac (12)
Seal (11)
Carnac (10)
Seal (10)
Carnac (16)
Seal (10)
Carnac (13)
Seal (9)
Carnac (5)
Seal (4)
Carnac (10)
Seal (10)
Carnac (11)
Seal (11)

Juveniles
Sub-adults
Adults
Unknown
(% ±SD)
(% ±SD)
(% ±SD)
(% ±SD)
NA
NA
NA
100 (±0)
NA
NA
NA
100 (±0)
3.7 (±4.5)
15.4 (±14.1) 61.8 (±19.9) 19.1 (±19.5)
19.1 (±14.8) 17.0 (±11.5) 47.3 (±22.7) 16.5 (±20.2)
0.0 (±0.0)
2.0 (±6.3)
92.0 (±39.1) 6.0 (±9.7)
6.0 (±10.4) 11.9 (±16.9) 76.1 (±35.5) 6.0 (±10.4)
0.0 (±0.0)
2.0 (±8.0)
92.0 (±49.4) 6.0 (±17.4)
0.0 (±0.0)
9.5 (±20.1) 85.7 (±70.3) 4.8 (±15.1)
0.0 (±0.0)
4.1 (±10.0) 89.8 (±55.8) 6.1 (±11.6)
14.3 (±21.4) 31.7 (±34.1) 54.0 (±24.5) 0.0 (±0.0)
12.2 (±14.9) 14.6 (±5.5) 68.3 (±22.2) 4.9 (±6.7)
14.3 (±3.3) 31.4 (±5.7) 54.3 (±26.6) 0.0 (±0.0)
2.5 (±3.6)
49.2 (±17.2) 47.2 (±24.3) 1.0 (±3.2)
6.3 (±5.2)
50.0 (±12.6) 43.3 (±12.1) 0.0 (±0.0)
3.1 (±3.0)
51.0 (±17.3) 43.2 (±26.2) 2.6 (±7.0)
3.9 (±3.8)
52.0 (±19.6) 44.1 (±15.0) 0.0 (±0.0)
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Figure A1: The interquartile ranges in the numbers of N. cinerea responses per
hour per group for each vessel type and ‘People’ (with Carnac Island having 134 h
and Seal Island having 142 h observation effort between November 2013 and end
April 2014). The horizontal dotted line corresponds with 10 responses per hour.
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Figure A2: Number of N. cinerea responses per hour of sampling elicited by vessels at Carnac and Seal Island (including ‘Aircrafts’), divided
into vessel activities and ‘People’ activities onboard.
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Table A3: Resighted individuals based on their scarring, including the date and
location as well as the number of sightings and age of the individual N. cinerea.
Location in brackets after the date: C – Carnac Island, S – Seal Island.
Individual Dates (location) of sightings
1
2
3

4

16/08/2012 (C), 7/09/2012 (C)
23/08/2013 (S), 28/08/2013 (C)
29/08/2013 (S), 17/10/2013 (S),
6/01/2014 (S), 9/04/2014 (C),
11/04/2014 (C)
6/01/2014 (S), 7/01/2014 (S)
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Number of
sightings
2
2
5

Age
Adult
Adult
Sub-Adult

2

Adult
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Figure A3: Photographs of resighted, scarred individuals (1-4 in Table A3) including the location and date of sighting.
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