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Abstract
Nature conservation places great hopes on ecotourism, yet despite increasing pressure on
the Earth’s last wild areas, there is insufﬁcient knowledge about human disturbance impact,
and hence, visitor management must often remain inadequate. Penguins are an important
tourism attraction. Lack of overt behavioural responses to human proximity at breeding
sites has led to the common public misconception that penguins would be little affected
by human visitation. However, even a single one-off disturbance or a series of low-key
disturbances can have far-reaching impacts that are often not immediately discernable to
the people involved.

I studied behavioural and physiological stress responses of three penguin species that
according to anecdotal evidence respond very differently to human proximity. While
behaviour could give an indication of the relative severity of a disturbance stimulus,
measuring physiological responses was a more objective and powerful tool to quantify
stress in all three species studied. As accumulating effects of human disturbance may affect
breeding populations, I also monitored a range of reproductive parameters at sites that
provided similar breeding habitat and overlapping foraging grounds yet were exposed to
different levels of human visitation.

Human disturbance can be interpreted as perceived predation risk. Similar to antipredator
responses, reaction to disturbance stimuli can affect individual ﬁtness via energetic and lost
opportunity costs of risk avoidance. I demonstrated that human proximity is energetically
costly for penguins and more so than most stimuli that naturally occur at their breeding
sites. Yet the severity of the same disturbance stimulus is perceived differently between
species, populations and even individuals.

Snares penguins, Eudyptes robustus, appear to be little affected by human activity
outside their immediate breeding colony. In comparison, Humboldt penguins, Spheniscus
humboldti, proved to be very sensitive to human disturbance. They responded to a person
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visible at more than 150 m distance from their nest and needed up to half an hour to
recover from even careful human approach. Nest densities were lower and breeding
success was signiﬁcantly reduced at more frequently visited sites.

In Yellow-eyed penguins, Megadyptes antipodes, I found elevated hormonal and heart
rate responses at sites exposed to unregulated visitor access associated with reduced
breeding success and lower ﬂedgling weights, which result in reduced ﬁrst-year survival
and recruitment probabilities. Contrary to my expectations, birds that continued to breed
despite frequent disturbance had not habituated to human proximity but appeared to be
sensitised and responded more strongly to human disturbance. Hence, tourist-exposed
penguins were not only disturbed more often, each disturbance event was more costly for
the affected birds, eventually leading to poorer breeding performance.

Both initial stress response and habituation potential of Yellow-eyed penguins depended
on sex, character and previous experiences with humans, and the observed individual
differences in behavioural and physiological stress responses related to ﬁtness parameters.
Birds characterised as “frozen” were apparently best able to cope in human-disturbed
habitats. Thus, human disturbance may drive contemporary evolutionary change in the
composition of breeding populations with as yet unrealised consequences for conservation.

I give a detailed account of the current understanding of human disturbance related
effects on penguins and list future research needs. Complex secondary effects of human
disturbance and multiple stressor interactions are still little understood and require longterm population studies that enable us to disentangle human disturbance effects from
environmental variability. Similarly, we still know very little about what factors drive
habituation or sensitisation in wild populations, thus habituation to even apparently minor
human disturbance cannot be assumed.

Subtle costs of what we think is minor disturbance can accumulate and may ultimately
lead to lower nest numbers, poorer breeding success or reduced ﬂedgling weights in
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more frequently visited penguin breeding areas. As the growth of nature-based tourism
is expected to continue, it is important not only for ecological but also for economic
sustainability to minimise any associated negative human impacts. It is clear that generic
guidelines for managing human visitation of penguin colonies cannot be applied. Only
rigorous research can provide the basis for appropriate site- and species-speciﬁc visitor
management decisions.

I hope this study can provide a framework for better understanding human disturbance
effects on penguins and maybe even on wildlife in general.
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SECTION 1

General Introduction

CHAPTER 1.1

Why study human disturbance eﬀects on
penguins?
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1. Introduction

1.1. Why study human disturbance effects on penguins?

1.1.1. Aims and motivation

Never before has a generation had so much time and money to spare as ours. The more
we move away from nature in day-to-day life, the greater the need to compensate for this
through nature-based recreation. Tourism is currently one of the world’s largest industries,
with nature and adventure travel as its fastest growing segments (WTO 2008). Nature
conservation places great hopes on ecotourism “as responsible travel to natural areas
which conserves the environment and improves the welfare of local people” (Lindberg
& Hawkins 1993); “producing economic beneﬁts that encourage conservation” (Ryel &
Grasse 1991). But so far there are few success stories (Sekercioglu 2002; Buckley 2003).
The lack of appropriate control means that much of the so-called tourism is still far from
being “eco”.

Mainstream tourism eco-certiﬁcation programmes focus with varying success on “brown”
aspects of environmental management, such as waste treatment, energy efﬁciency and
resource consumption, while the impacts of tourism on “green” aspects, i.e. on the species
and habitats that attract nature-based tourism in the ﬁrst place, are largely being ignored
(Buckley 2004). Recreational pressures on the Earth’s last wild areas will continue to
increase, however, the complexity of ecological impacts, and the resources required to
carry out ecological research necessary for appropriate control and management of tourism
impacts, is vastly underappreciated (Buckley 2004). Generally, wildlife is taken for granted
and the understanding of human disturbance related effects is often inadequate.

Even low-key human disturbance effects that may not be discernable for the people
involved can have far-reaching impacts (Buckley 2004). Subtle changes in behaviour
and physiology may accumulate, potentially leading to population-level consequences
(e.g. Buckley 2004; Gill 2007; Seddon & Ellenberg 2008). As the growth of naturebased tourism is expected to continue, it is important not only for ecological but also for
4
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economic sustainability to minimise any associated human impacts. I believe that well
managed visitation of even rare and endangered wildlife can have a positive feedback for
conservation. However, for adequate management it is critical to identify accurately when
human proximity is a threat to conservation and when it is not (Gill 2007).

Several factors make penguins a perfect tourist attraction: First, they must come ashore to
breed and anywhere that is accessible to the stumpy legs of a penguin will be accessible
to humans; second, they are predictable either year round or at least during the breeding
season, returning from their foraging trips at known times along well established pathways;
and third, they are appealing, their short stature, bipedal gait, tuxedo-like coloration and
general demeanour beg for us to look upon them as little people. Visitor experiences with
zoo-penguins or more tolerant species in well regulated settings, such as Little penguins,
Eudyptula minor, on Phillip Island, Australia, lead to the common public misconception
that penguins are generally little worried by the proximity of even large groups of people.

Nevertheless, researchers have long recognised the sensitivity of penguins to both
investigator and visitor disturbance (e.g. Murphy 1936; Bennetts 1948; Richdale 1951;
Crawford 1952; Johnston 1971; Frost et al. 1976, Thomson 1977; Hockey and Hallinan
1981). Today penguins are arguably one of the best researched animal taxa in terms of
human disturbance-related effects with more than 50 publications in peer reviewed journals
and considerably more in the grey literature (Chapter 1.2). However, these outputs are
scattered, focus on speciﬁc aspects of disturbance responses of a certain species in a
particular location, and are often contradictory. Some researchers suggest the direct impact
of tourism on penguins can be slight if visitor activities are well managed (Boersma &
Stokes 1995). In contrast, scientists working on different species in different environments
concluded that: “…we believe that tourism does adversely affect breeding penguins, almost
irrespective of how ‘well behaved’ the tourists are” (Culik & Wilson, 1991).

In an attempt to summarise and understand the human disturbance effects on Antarctic
penguins Nimon and Stonehouse (1995) conclude “many years of research has left us

5

1. Introduction
with little concept of what constitutes signiﬁcant human disturbance, and how it might be
monitored and controlled. Given the current concerns about conservation and protection of
the Antarctic, and rising tourism, it is more important than ever before that these problems
are adequately investigated.”

In the last decade much effort has been devoted to investigating human disturbance effects
on wildlife. With this thesis I aim to contribute to the better understanding of the human
disturbance impacts on penguins. Initially, I review previous research and attempt to create
a conceptional framework for understanding human disturbance effects (Section 1.2). I
then focus on species that, according to anecdotal evidence, respond very differently to
human proximity (Section 2). Humboldt penguins, Spheniscus humboldti, are thought to
be extremely shy of humans (chapter 2.1.) whereas Snares penguins, Eudyptes robustus,
are seemingly unafraid of human proximity (chapter 2.2.). Once having established the
importance of species-speciﬁc differences to understand and manage human disturbance
impact, I move on to looking at factors that drive smaller scale changes in stress responses
between breeding locations and between individuals (Section 3). For that I focus on
Yellow-eyed penguins, Megadyptes antipodes, on the Otago Peninsula, New Zealand,
where colonies have been monitored for more than 20 years and where there is detailed
information on individual birds readily available, such as sex, age, breeding history or
exposure to disturbance events. Finally, I discuss the management implications of my
ﬁndings and suggest directions for future research (Section 4). I believe that effective
mitigation of potentially harmful disturbance effects that may accompany any human
presence in the proximity of wildlife will arise only from detailed site- and species-speciﬁc
guidelines based on rigorous research.

Chapters that present original data have been written in the style of scientiﬁc research
papers and have been submitted or accepted for publication in various journals. Hence, a
certain degree of overlap and repetition of information in related chapters may be expected.
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1.1. Why study human disturbance eﬀects?
1.1.2. Thesis outline

SECTION 1: General introduction
CHAPTER 1.2. “A framework for understanding human disturbance effects on penguins”
provides a comprehensive review of our current knowledge of human disturbance impact
on penguins and considers where my research ﬁts in; an accompanying ﬁgure gives an
accessible overview of potential human disturbance effects for quick reference.
Co-author: Philip J. Seddon.
While Phil is the senior author on the chapter we published in the book Marine Wildlife
and Tourism Management, that book chapter is aimed at managers; hence, much of
that chapter (including all ﬁgures) have not been reproduced here. The “framework
for understanding human disturbance effects” is based on the review I wrote for our
management chapter but ﬁndings are presented now in more detail, including all up to date
peer reviewed publications along with some of the grey literature. The ﬁgures I developed
have not been published so far (a poster I presented 2003 at the XXII Congreso de Ciencias
del Mar, Valdivia, Chile, provides the basis for Fig. 1.2.1). The review chapter 1.2. of my
thesis including future research perspectives is aimed to be published in a scientiﬁc journal
with me as the senior author.

SECTION 2: “Species-speciﬁc responses to human disturbance” focusses on the fact
that even closely related species may respond very differently to the same disturbance
stimulus and discusses potential reasons for the observed differences.
CHAPTER 2.1. “Physiological and reproductive consequences of human disturbance in
Humboldt penguins: The need for species-speciﬁc visitor management” investigates the
effects of human disturbance on Humboldt penguins breeding on three adjacent islands in
Northern Chile that are exposed to different levels of human visitation. This study is an
example of how to approach the problem of human disturbance effects in a global manner.
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Co-authors: Thomas Mattern, Philip J. Seddon & Guillermo Luna Jorquera.
Thomas was at my side during much of the ﬁeldwork and the IT wiz with great
programming skills during data analysis. Phil provided space and time analysing the data,
was a critical discussion partner, and greatly improved the readability of the manuscript.
Memo provided emotional, technical and ﬁnancial support during all the challenges I faced
in Chilean bureaucracy and backcountry.
CHAPTER 2.2. “Heart rate response of Snares penguins to human approach – an
indication of disturbance history?” considers a range of factors that may affect heartrate responses of Snares penguins to natural and experimental disturbance. The results
are compared to disturbance responses of other penguin species and related to breeding
biology and previous experiences with humans.

SECTION 3: “Inter-site and inter-individual differences in stress-coping styles”
investigates smaller scale differences in disturbance response between populations and
individuals.
CHAPTER 3.1. “Elevated hormonal stress response and reduced reproductive output
in Yellow-eyed penguins exposed to unregulated tourism” studies the difference in
corticosterone levels and reproductive parameters associated with different levels of human
visitation. Individual stress-coping styles are related to ﬁtness parameters.
Co-authors: Alvin N. Setiawan, Alison Cree, David M. Houston & Philip J. Seddon.
Alvin trained me in blood sampling penguins and was of great help during all ﬁeld work;
without him and Dave we would not have gotten any samples from Green Island. Alison
provided lab space and technical support when it came to analysing the blood plasma
samples; she considerably improved earlier versions of the manuscript. Dave was the
Department of Conservation Otago Coastal Area Assets Programme Manager at the
time and of great support, both during permitting and ﬁeld work. Phil was an important
discussion partner from the initial study set up, though permitting procedures, and practical
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ﬁeld work. He helped solving various problems encountered along the way (compare
Appendix I) and greatly improved the readability of the manuscript.
CHAPTER 3.2. “Yellow-eyed penguin heart rate responses and correlated energy
expenditure provide an objective evaluation tool for human disturbance stimuli” examines
a range of human disturbance stimuli commonly occurring in Yellow-eyed penguin
breeding areas in terms of energetic costs and thus relative severity, with special attention
to individual and site-speciﬁc responses.
CHAPTER 3.3. “Initial stress responses and habituation potential of Yellow-eyed penguins
depend on sex, character and previous experience with humans” evaluates a range of
factors that potentially affect initial heart-rate responses and habituation potential of
individuals.
Co-authors: Thomas Mattern & Philip J. Seddon
Thomas was the “previously unknown experimenter” completing all short-term habituation
experiments in the second season and of great help during other parts of the ﬁeld work
and data analysis. Phil was a stimulating discussion partner from the initial study design
through to data analysis and interpretation. Again, he greatly improved the readability of
our manuscript.

SECTION 4: Concluding discussion
CHAPTER 4.1. “Lessons learned” summarises my research in the context of previous
studies and presents resulting management implications.
CHAPTER 4.2. “Future research directions” suggests a list of research priorities that would
greatly contribute to the better understanding and management of human disturbance
effects on penguins and other wildlife.
CHAPTER 4.3. “Final thoughts” contains... some ﬁnal thoughts.
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APPENDIX I: gives an overview of problems encountered in the course of my study and
suggests solutions for future research. Here I explain why some initially planed and from
my perspective important aspects of “assessing human disturbance effects on penguins”
have never been completed and thus could not be presented.
APPENDIX II: lists oral and poster presentations given at a range of conferences during
the course of my PhD and the coverage of research in the media, additionally included
is a science communication article I was invited to write for AWIS (The Association for
Women in the Sciences) and a 90s video clip produced as part of the MacDiarmid Young
Scientist of the Year Awards (Winner of the category “Adding Value to Nature” 2008).
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CHAPTER 1.2

A framework for understanding human
disturbance eﬀects on penguins

This chapter has been developed from an earlier version previously published as part of:
Seddon, P. J. and Ellenberg, U. 2008. Effects of human disturbance on penguins. Chapter 14
In: Marine Wildlife and Tourism Management. J. Highham and M. Lück (Eds). CABI
Publishing, Oxford. Pp. 163-181.
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1.2. A framework for understanding human disturbance
effects on penguins
In this section I summarise current knowledge about the effects of human disturbance on
penguins and offer an explanation for the apparently contradictory conclusions of some of
the previous research. I start by reviewing the full spectrum of effects of human activity
on penguins and consider where human disturbance ﬁts in (1.2.1). I then review types of
human disturbance (1.2.2), provide a general framework for understanding disturbance
effects and consider the challenges inherent in studying such effects (1.2.3). Finally
I summarise the current state of knowledge of human disturbance effects on penguin
physiology, behaviour, distribution, demography, and abundance (1.2.4) and consider were
my research has its place.

1.2.1. Human-induced threats on penguin populations

A variety of factors make penguins particularly susceptible to population declines, or
even extinction, provoked by the high levels of human activity occurring today (Boersma
& Stokes 1995; Ellis et al. 1998). Penguins spend most of their life at sea, which makes
them vulnerable to marine pollution, such as oil spills or discarded ﬁshing tackle. As top
predators they tend to accumulate bio-toxins. Their dependence on highly productive
marine waters together with their strong ﬁdelity to breeding areas make them highly
sensitive to changes in the distribution and abundance of their prey species. Climatic
changes could have a profound impact on penguin populations and might cause penguin
extinctions (Boersma & Stokes 1995; Thompson & Sagar 2002). Commercial ﬁsheries
affect penguins indirectly by changing the structure of marine communities through
the over-ﬁshing of selected species (Crawford 1987) and long-lasting destruction of the
benthic ecosystem (Mattern 2006). Direct competition with commercial ﬁsheries is likely
to become a growing problem for penguins as ﬁshing effort increases (Alonzo et al. 2003)
and the ﬁshing industry harvests ever smaller ﬁsh (Boersma et al. 1990; Norman et al.
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1992). Incidental bycatch of penguins is also a considerable problem which needs more
detailed assessment (Darby & Dawson 2000).
Penguins are long-lived species with delayed maturity and relatively low reproductive
output. Even a small decrease in adult survival can, over several years, substantially reduce
population numbers (Boersma & Stokes 1995; McKinlay 1997). Penguins depend on
terrestrial habitat for reproduction. Human encroachment, deforestation, erosion, the use
of penguin habitat for mining, guano harvest and agriculture, and other human-induced
modiﬁcation of landscapes, has led to loss of breeding colonies (e.g. Paredes et al. 2003).
An other example is the Yellow-eyed Penguin, Megadyptes antipodes, which lost much
of its former forested habitat to logging, land clearing, cattle and sheep farming (Seddon
& Davis 1989). Introduced predators have contributed to the decline of several penguin
populations (BirdLife International 2008). Increased human presence in formally isolated
areas, such as the subantarctic islands and Antarctica, has introduced diseases that may
decimate resident seabird populations (e.g. Anderson 1998; Weimerskirch 2004). On
the Galapagos Islands growth in the human population and tourism industry has led to
increased poultry production threatening native bird species, including the Galapagos
penguin (Spheniscus mendiculus), which have little resistance to introduced pathogens
(Gottdenker et al. 2005). In recent years, there is growing concern that the mere presence
of humans in proximity to breeding colonies will adversely affect penguin populations (e.g.
de Villier 2008). Direct human disturbance acts on top of other human-induced threats but,
in contrast to many of these, is relatively easily minimised. However, unlike threats, such
as oil pollution or habitat destruction, the impact of human disturbance is less obvious and
not easily assessed.

1.2.2. Types of human disturbance

Human disturbance can be deﬁned as any human activity that changes the
contemporaneous behaviour and/or physiology of one or more individuals (Nisbet
2000). Direct human activity may be beneﬁcial, such as conservation management, but
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appears more often to carry at least the potential for harmful impacts, ranging from direct
persecution such as harvest, harassment or by-catch, to incidental disturbance, perhaps
from vehicular activities, through to the possible deleterious effects of even well-meaning
disturbance by tourists, researchers and managers. This last is my focus here.
It could be argued that what is done to individual penguins in the name of science has
the very real potential to be vastly more intrusive than anything any even half-way
respectable tourism operation would allow. In the pursuit of knowledge penguins are
caught and handled, weighed and measured, blood sampled, induced to regurgitate their
last meal, and ﬁtted with metal ﬂipper rings and back-mounted devices to monitor their
movements. Many of these types of manipulations have been shown to carry energetic and
survival costs for the penguins involved (e.g. Wilson et al. 1989a; Petersen et al. 2005).
Growing awareness of this problem, along with the development of less intrusive research
techniques (such as the use of automatic weighbridges and implanted transponders)
has greatly reduced the impact of scientiﬁc investigations. Today, in most countries,
researchers have to go through a rigorous process of obtaining permits and ethics approvals
for any proposed investigations. The value of possible research ﬁndings are carefully
weighed against potential costs, and if permits are granted research activities are closely
monitored to ensure that potential negative effects are minimised.
In comparison, tourism ventures usually operate with less rigorous controls, if any, of
their effects on target colonies. Furthermore, there is an important difference in the
scale and duration of research interventions and those of larger scale tourism. Research
manipulations focus on a selected sample of individual birds, with controls in place
speciﬁcally to assess impacts and adjust protocols accordingly; are often of short duration,
one-off, or short term; are regular events controlled as to observer, timing and methods.
In contrast, penguin tourism involves much larger numbers of people, with exposure to a
greater proportion of the penguin population; is of longer duration and longer term; is less
regular and standardised. Clearly too there is also a big difference between well-regulated
and essentially unregulated tourism, the latter characterized by a lack of adequate visitor

14

1.2. Understanding human disturbance eﬀects
information, supervision, or enforcement of effective guidelines for visitor behaviour.

1.2.3. Challenges in measuring disturbance effects

The identiﬁcation and quantiﬁcation of disturbance related effects is not always
straightforward. Direct impacts such as road kills may be immediately apparent; however,
subtle effects of human disturbance on e.g. stress hormone levels, energy budgets of adult
birds, or prevention of nest site prospecting in disturbed habitats, are not well understood
but can potentially have far-reaching impacts.
Any stimulus may evoke a reaction of some kind. When assessing the effects of human
disturbance it is crucial to distinguish between responses and actual impacts that may
require management action. A simple response may be short-term and, in isolation,
effectively inconsequential, whereas an impact will have longer-term negative implications
for the ﬁtness of the individual concerned. Thus any study of human disturbance effects
must attempt to do more than simply document responses; it must explore the degree
to which any response has the potential to reduce, even to a tiny degree, an individual’s
probability of survival and reproduction. Potential impact of human disturbance will
greatly depend on the type and frequency of disturbance, number of individuals affected,
and site- and species-speciﬁc aspects. Yet low-key disturbance may cause considerable
problems, as subtle responses or secondary effects may accumulate potentially leading to
population or even species level consequences (Fig. 1.2.1).
A second, not insigniﬁcant challenge for studies of human disturbance is to measure
responses in an unobtrusive and unbiased way. Much innovative science has gone into
addressing this problem in human disturbance studies of penguins – how to remove the
confounding effects of observer, manipulation, and instrumentation impacts from the
measured disturbance response?
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1.2.4. Techniques and ﬁndings - Behaviour

Monitoring behaviour before, during and after human presence by a well-hidden observer
or camera unit is one way to measure responses to human disturbance while keeping
the observer effects to a minimum. Agitated birds may display a number of behaviours
indicative of heightened alertness or alarm, the most unequivocal of which is to ﬂee from
or attack the source of the disturbance. The distance at which a bird will react can be
quantiﬁed experimentally using standardised approach protocols, and ﬁndings are often
used to deﬁne minimum approach distance guidelines, or set back distances, to manage
human visitors (e.g. Rodgers & Smith 1995; Giese 1998; Carney & Sydeman 1999;
Rodgers & Schwikert 2002).
The evidence suggests that the distance at which a penguin will tolerate the proximity of a
human varies not only with the type of disturbance (e.g. number or behaviour of humans)
and visibility (habitat and topography), but also according to species, and intra-speciﬁcally
according to individual temperament, age, condition, current behaviour, time of day, stage
of breeding, group size, distance to conspeciﬁcs and previous experience with humans.
Hence one local short-term behavioural study cannot provide a basis for appropriate visitor
management guidelines, nor can results for one species be applied to another species in a
different setting.
For example, Adélie penguins, Pygoscelis adeliae, tending large chicks late in the season
will ﬂee if approached to within ~6m, whereas when chicks are young the attending parent
will tolerate approach to within ~1m (Wilson et al. 1991). Birds not tied to a nest site
show much more marked avoidance behaviours. Adélie penguins commuting between
landing beach and colony will deviate up to 70m off established paths to avoid a solitary
human standing 20m away, and this deviated route will be maintained for several hours
after the person has left resulting in an estimated extra 840 penguin kilometres covered by
the 12,000 birds on the track over a 10 hour observation period (Culik & Wilson 1995).
Similarly, non-breeding Magellanic penguins, Spheniscus magellanicus, and those in
transit ﬂed more readily than birds attending a nest (Yorio & Boersma 1992). Behavioural
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responses of Royal penguins, Eudyptes schlegeli, to human approach were strongest
during incubation and moult (Holmes et al. in press). On the Falkland Islands Gentoo,
Pygoscelis papua, Magellanic and King penguins, Aptenodytes patagonicus, showed
avoidance behaviours in response to tourists near penguin access paths (Otley 2005).
Commuting Emperor penguins, Aptenodytes forsteri, stand up at distances of on average
22.8 m from visitors and walk (rather than continue their energy-efﬁcient tobogganing),
additionally, longer pauses and changes of direction result in delayed return to the colony
(Burger & Gochﬁeld 2007). Yellow-eyed penguins will delay even coming ashore if people
are present at or near landing sites (Wright 1998), and delayed landings during the chick
rearing period may disrupt chick feeding and result in reduced ﬂedging weights with
possible implications for post-ﬂedging survival (McClung et al. 2004).
Penguin group size affects disturbance response. In previously undisturbed African
penguins, Spheniscus demersus, smaller groups were less responsive to human approach
than large groups (van Heezik & Seddon 1990). The size of Emperor penguin groups was
signiﬁcantly smaller when they passed people, in comparison to groups travelling parallel
to visitors (Burger & Gochﬁeld 2007). This could be explained by the likelihood of having
timid individuals in the group that may drive group response.
Even time of day seems to affect behavioural responses to human proximity. Later in the
day Emperor penguins moved more purposefully, they took longer to notice people, came
closer before changing direction, and stopped less often for shorter time periods, possibly
due to their aim of reaching the colony or the sea before dark (Burger & Gochﬁeld 2007).
To make things even more complex, the condition and health status of a bird appears to
affect its behavioural response to a potential threat. Migratory birds whose condition had
been experimentally enhanced showed greater responsiveness to standardised human
disturbance (Beale & Monaghan 2004) suggesting they could afford the energy to be
vigilant or to ﬂee at greater distances and for longer, whereas birds in control groups had
to prioritise energy conservation. On the other hand, unguarded Chinstrap penguin chicks,
Pygoscelis antarctica, ﬂed later and for shorter distances when they were in good health
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and condition, presumably because these chicks were able to defend themselves more
efﬁciently against predator attack (Martin et al. 2006).
The type of disturbance is important, or, more precisely, how dangerous the disturbing
stimulus is perceived. There is evidence that Chinstrap penguins make risk-based
assessments of human disturbance, treating humans as potential predators, thus different
types of human approach and varying proximity to sub-colonies will induce different types
of responses in non-breeding birds (Martin et al. 2004). With increasing visitor group size,
Emperor penguins responded and changed direction at greater distances, paused more often
and for longer (Burger & Gochﬁeld 2007). Similarly, guarding Gentoo penguins responded
more strongly to a group of ﬁve visitors than to the approach of a single person (Holmes
et al. in press). Both human behaviour (such as walking fast, sudden movements), and
disturbance history affected responses of Magellanic penguins (Yorio & Boersma 1992). In
African penguins a gradual approach (with regular stops) was less disturbing than a person
approaching at a steady pace (van Heezik & Seddon 1990).
Aircraft operations can have severe disturbance impacts. Emperor penguins showed
increased vigilance when exposed to helicopter overﬂights at 1,000 m altitude, with 69% of
chicks walking or running away from the disturbance (Giese & Riddle 1999). Wilson and
colleagues (1991) report distances of ﬁrst reaction of up to 1.1 km to aircraft approaching
Adélie penguin colonies, and ﬂight behaviour could last until an aircraft was more than
2.8 km away (Wilson et al. 1991). The potential impact of an aircraft varies with type
of aircraft, speed and altitude, bird species, ambient environment, timing, duration and
frequency of exposure (see Harris 2005 for a comprehensive review). Flight distances at
which disturbance is thought to be detrimental have been established via quantiﬁcation
of only overt behavioural reactions, such as percent of population ﬂeeing. However, a
disturbance event may also interrupt vital behaviour and induce freezing (e.g. Eilam
2005). Even without any behavioural reaction to a disturbance stimulus additional energy
demands can be high solely due to physiological stress response (Regel & Pütz 1997).
Generally, penguins show little behavioural reaction to human presence at their breeding
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sites (Culik & Wilson 1991; Nimon et al. 1995), which is often mistaken for habituation.
Evolutionarily, this lack of externally manifest stress makes sense: in the absence of landbased predators there is no selective advantage to display visible alarm reactions to human
approach (Wilson et al. 1991) and tending eggs or young chicks has absolute priority
under often adverse breeding conditions. Even if ﬂight reactions were possible at lesser
costs, e.g. for older chicks, energy conservation seems to be more important. Walker and
colleagues (2005) observed in Magellanic penguin chicks that were close to ﬂedging,
behavioural habituation to human presence despite an unaltered physiological stress
response. Hence, the observed behaviour is only the tip of the iceberg and therefore results
have to be interpreted with caution. However, measuring behaviour can nevertheless
provide important information about disturbance impact, particularly in situations where
physiological measures are difﬁcult to obtain.
In conclusion, ethology can contribute to the better management and conservation of
species (e.g. Caro 2007; Buchholz 2007). However, it is now well recognised that overt
behavioural reactions, or lack of them, are a poor guide to the degree of disturbance human
proximity or activity may be causing (Gill et al. 2001; Fernández-Juricic et al. 2005;
Wikelski & Cooke 2006; Tarlow & Blumstein 2007). Thus absence of alarm behaviours is
not evidence of absence of stress, and researchers have had to probe more deeply.

1.2.5. Techniques and ﬁndings - Physiology

Increased heart rate is part of the stress response to stimuli that are perceived by an animal
as being novel, challenging or threatening. Elevated heart rate can occur independently
of any overt behavioural reaction to perturbation. The ﬁrst study to examine changes
in penguin heart rate in response to human disturbance was that by Wilson, Culik,
and colleagues (Culik et al. 1990; Culik & Wilson 1991; Wilson et al. 1991). During
physiological ﬁeld studies using heart rate recorders implanted in Adélie penguins,
increases in heart rate were opportunistically measured in response to human disturbance,
and found to occur even though no external signs of stress were evident (Wilson et al.
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1991). It was recognised that the process of capture, handling and device implantation had
the potential to bias results if there was associative learning that predisposed individual
penguins to extreme reactions when sighting humans subsequently (Culik & Wilson 1995).
To get around this potentially serious problem, researchers developed artiﬁcial eggs to
record heart rates (Nimon et al. 1996; Giese et al. 1999). Such an egg may be placed within
a nest and is then incubated by the attending adult and its essentially undisturbed mate.
The use of artiﬁcial eggs is still the least intrusive method available to record heart rate
responses in birds (Tarlow & Blumstein 2007).
Using artiﬁcial eggs it was found that heart rate increased in response to the approach of
a human to nesting Gentoo (Nimon et al. 1995), Adélie (Giese et al. 1999), Magellanic
(Ecks 1996), African (Marienne de Villiers personal communication), and Royal penguins
(Holmes et al. 2005. The named studies focused on heart rate increase alone in response to
natural or experimental disturbance. Yet, measuring the time a bird needs to recover after
an excitation, i.e. the time necessary until the heart rate has returned to within the range of
the resting heart rate measured prior to disturbance, would allow estimating energetic costs
of a disturbance stimulus. Such an approach would enable to compare different natural and
human derived stimuli in terms of their severity.
Elevated heart rate is only one manifestation of the vertebrate stress response that is
activated by the hypothalamic-pituitary-adrenal axis and mediated by an increase in “stress
hormones” (glucocorticosteroids) from the adrenocortical tissue – the adrenocortical
stress response. Short-term increases in circulating levels of glucocorticosteroids enable
individuals to escape from or cope with adverse conditions. However, long-term elevation
of stress hormones can be physiologically damaging to individuals resulting in higher
susceptibility to disease, reduced fertility and lower life expectancy (e.g. Walker et al.
2005). Recent work on quantifying the costs of human disturbance on penguins has
used experimental blood sampling protocols to measure changes in corticosterone (the
glucocorticosteroid in birds) in response to standardised experimental disturbance.
Fowler (1999) found that Magellanic penguins have signiﬁcantly elevated levels of
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corticosterone in response to a person visible nearby for only 5 minutes. Corticosterone
responses to disturbance were greater in undisturbed adult Magellanic penguins compared
to those in tourist areas (Fowler 1999, Walker et. al. 2006). However, this difference
was found to be due to a decreased capability of the adrenocortical tissue to secrete
corticosterone in tourist-visited birds, and may have disadvantages under different
circumstances, e.g. if birds are unable to adequately access stored energy in times of need
(Walker et al. 2006).
In the ﬁrst study of its kind, Walker and colleagues (2005) examined stress hormone
responses of Magellanic penguin chicks, showing that newly hatched chicks in touristvisited areas had higher corticosterone responses than newly hatched chicks in undisturbed
areas. So far it is not known what the longer-term developmental consequences may be of
elevated corticosterone responses at hatching (Walker et al. 2005).
Blood plasma corticosterone concentrations provide a ‘snapshot measure’ of a dynamic
system and obtaining baseline levels requires rapid sampling of a previously undisturbed
animal (a few minutes after ﬁrst sight, depending on species; Romero & Reed 2005).
Additional or later blood samples measure the hormonal stress response to capture and
restraint, which can help evaluating the capacity of an individual to react to environmental
stress (Wikelski & Cooke 2006) and may provide important information about actual
habituation or sensitisation in disturbed populations (Romero & Wikelski 2002; Müllner et
al. 2004).

1.2.6. Energetic costs of human disturbance

Despite the increasing application of sophisticated techniques to quantify physiological
responses by penguins to human disturbance, an obvious question remains: so what? So
what if heart rate is elevated for certain periods of time? So what if some species show
robust corticosterone responses? Does this carry any ﬁtness costs?
Physiological stress response often can be correlated to metabolic rate and thus the
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energetic costs of disturbance. Heart rate has shown to be linearly correlated with the rate
of oxygen consumption, and thus metabolic rate in several penguin species, e.g., Gentoo
penguins (Bevan et al. 1995); Macaroni penguins (Eudyptes chrysolophus, Green et al.
2001); King penguins (Froget et al. 2004). Green et al. (2005) argue convincingly that
this relationship can be extended and applied to all penguin species. Hence, measuring
heart rate may provide an objective and powerful tool to evaluate the relative severity of
different disturbing stimuli.
To date few studies have attempted the actual calculations of human disturbance related
costs. Regel and Pütz (1997) found via an ingested temperature logger that moulting
Emperor penguins increased their metabolic rate without showing the slightest behavioural
reaction to human approach. Although human presence lasted for less than ﬁve minutes,
some birds needed several hours to recover. One single disturbance event resulted in an
additional energy expenditure of up to 10% of the daily energy demand during moult. As
an example they calculated that one single human visit to the resident colony of 6,000
pairs the penguins would need a total of 310 kg Krill to compensate for this disturbance;
impossible during moult when penguins are conﬁned to land.
The relative signiﬁcance of a disturbance stimulus will depend on the circumstances:
in situations where food is plentiful and easily obtained, additional energy expenditure
may not be a problem; however, the long moult fasts, migration and parts of the breeding
cycle require a delicate energy balance. Additional energetic demands caused by human
disturbance can have far-reaching consequences during times when energy budgets are
tight. Even minor disturbances may then push the birds over the threshold from survival
to starvation or lead to nest desertion (Buckley 2004). Beyond any individual animal
welfare concerns, a key issue is whether human disturbance carries the potential to have
population-level consequences that may threaten a species. This is of concern not only
for conservation authorities and wildlife managers, but also for tourism operators whose
livelihoods are dependent on the maintenance of healthy penguin populations.
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1.2.7.Population-level effects: distribution, breeding success and abundance

Population level responses encompass the cumulative effects of individual physiological,
behavioural and survival consequences, and include changes in the distribution of
breeding colonies through avoidance of human disturbance, declines in breeding success,
and declines in absolute numbers of breeding birds. The picture to date is far from
clear, principally because many other factors apart from human disturbance may affect
distribution, breeding success and abundance. Climate, nesting habitat, food availability
or natural predation have an inﬂuence on the dynamics of individual populations. Extreme
weather conditions were the main factor limiting Magellanic penguin breeding success
at Cabo Vírgenes, Argentina (Frere et al. 1998), resulting in high nest desertion rates and
chick mortality. Gentoo penguin breeding success on Macquarie Island is related to habitat,
colony size, presence of other penguin species, and the proximity of southern elephant
seal harems (Holmes et al. 2006) and the authors suggest that differences related to
geographical position of colony sites may be explained by quality of foraging areas around
the island. A strong dependence on particular oceanographic conditions for successful
breeding has been documented for several penguin species. In Little penguins (Eudyptula
minor), for example, 29-47% of the between-year variation in weight and breeding
performance is explained by variation in sea surface temperatures; eggs were laid later in
the season if sea surface temperatures were higher, presumably when schooling ﬁsh were
scarcer (Wooler et al. 1991; Dann 1992; Mickelson et al. 1992). Potentially adverse effects
of tourism and research on Adélie and Gentoo penguins on the Antarctic Peninsula may
be negligible relative to the effects imposed by long-term changes in other environmental
variables (e.g. Fraser & Patterson 1997; Cobley et al. 2000; Patterson et al. 2001; Carlini
et al. 2007). For example, the increasing disturbance by humans in Hope Bay, Antarctic
Peninsula, seems only to have changed the shape of the rookery and the penguins’ paths to
the sea, but not to have stopped the growth of the rookery (Zale 1994) which is attributed
to locally favourable foraging conditions. Even forced removal of breeding pairs or
destruction of nest sites for the construction of an airstrip (Micol & Jouventin 2001), can
have surprising outcomes. Although not intended at the time, human modiﬁcation of Pájaro
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Niño Island in Central Chile has resulted in higher numbers of nesting Humboldt penguins
(Spheniscus humboldti, Simeone & Bernal 2000): the construction of a breakwater wall
and removal of pine forest provided new nesting habitat while human disturbance was
reduced by marina personal now controlling human access to breeding sites.
Nevertheless, human disturbance has caused reduced breeding success and survival in
several penguin species. Mixed colonies of Humboldt and Magellanic penguins on the
Puñihuil islands in southern Chile have been subject to unregulated tourism activities
since 1985, resulting in increased incidences of nesting burrow collapse and possible
declines in the numbers of both species since 1991 (Simeone & Schlatter 1998). In coastal
Patagonia, off-road vehicles have been recorded driving through Magellanic penguin
colonies causing offspring mortality and destruction of nesting burrows (Yorio et al. 2001).
Dog presence at colony sites cause disturbance in Magellanic penguin colonies (Yorio et
al. 2001) and may result in chick or adult mortality as has been documented for Little and
Yellow-eyed penguins (e.g. Hocken 2005). Human presence provoked increased predation
of Fiordland penguin chicks (Eudyptes pachyrhynchus) by Weka (Gallirallus australis),
a ﬂightless rail endemic to New Zealand (St Clair & St Clair 1992), and further south,
human disturbance at penguin colonies may be used by skuas (Catharacta sp.) or Giant
petrels (Macronectes sp.) to their predatory advantage (Giese 1996; Descamps et al. 2005).
When birds are forced into the water in response to human disturbance they may become
easy prey for sea-based predators, such as sharks and seals (e.g. Johnson et al. 2006).
However, human presence may also exclude predators making the breeding conditions
favourable for species or individuals that can habituate to regular disturbances (Holmes
et al. 2006). Although it has been frequently observed that human disturbance resulted in
distraction of attending adults or even nest abandonment, predators do not always take
advantage of such opportunities, which may depend on predator abundance, colony size
or availability of alternative prey. The balance between penguin and skua populations
appears to be of crucial importance. For example, at Cape Crozier, Ross Island, Antarctica,
penguin breeding groups, reduced in size through human disturbance, were unable to resist
skua attacks (Oelke 1978). Such secondary effects (the ecological consequences of human
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disturbance) are little understood, yet can potentially have far-reaching consequences.
Reduced breeding success may also be caused by much more subtle causes than
destruction of nesting borrows or facilitation of predation. For example, human passage
through low-density breeding areas of African penguins on Jutten Island, South Africa,
caused not only egg loss and the exodus of birds, but also prevented nest-site prospecting
(Hockey & Hallinan 1981). Similarly, human visits may adversely affect the recruitment of
pre-breeding birds to Adélie penguin colonies (Woehler et al. 1994). Chronically stressed
birds are likely to show suppressed reproductive behaviour (establishment of nesting
territories) and reduced fertility (Fowler et al. 1995). Furthermore, ineffective brooding
may lead to loss of the clutch or retarded development of the embryos and greater energy
demands on the adults arising due to human disturbance may leave less food for the chicks.
Adélie penguin hatching success was as much as 47% lower and chick survival reduced
by 80% in colonies exposed to recreational visits compared to undisturbed sites, whereas
investigator disturbance had less impact on breeding success (Giese 1996). This result
was surprising as a person entering a colony for nest-checks was thought to constitute a
more intense disturbance event than that of a couple of tourists moving slowly around at
5m distance from the colony’s edge two to four times a day for no more than 10 minutes
per visit. Although predation by skuas was the main reason for low reproductive success
in the disturbed colonies, cooling of eggs or chicks due to ineffective brooding during
disturbance events is thought to have caused additional losses. Giese (1996) suggested that
frequency of visitation, rather than type of intrusion, might be the critical factor inﬂuencing
breeding success. Low frequency of disturbance events might explain the lack of difference
in the breeding success of Royal and Rockhopper penguin (Eudyptes chrysocome) nests
that were visited by a careful observer once per week for a breeding biology study,
compared with neighbouring nests that remained untouched (Hull & Wilson 1996).
Naturally, the “type of intrusion” has to be within reasonable limits. People have long
debated where to draw the line between “disturbing to some individuals, but beneﬁcial
overall to the population” and “too disturbing to some or all” (Cheney 1999). Recently,
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Wilson and McMahon (2006) drew attention to the fact that the ethics of acceptable
practice for scientiﬁc intervention is still poorly deﬁned.
Even a one-off or short-term disturbance event can have devastating consequences.
Approximately 7,000 King penguins died by asphyxiation when a stampede occurred on
Macquarie Island attributed to an overﬂight of a Hercules aircraft (Rounsevell & Binns
1991; Cooper et al. 1994). The deaths resulted from large numbers of ﬂeeing penguins
piling up on each other against a natural barrier at one edge of the colony. In another
example, three days of helicopter operations caused a 15% decrease in Adélie penguin
numbers at 11 breeding sites and 8% of active nest mortality (Wilson et al. 1991). Hence,
the impact of human disturbance greatly depends on the disturbing stimulus, and site- and
species-speciﬁc consequences.
Over the longer term, disturbance mediated declines in breeding success may result in
reduced numbers of breeding birds or even colony abandonment. In Peru, Humboldt
penguins have completely abandoned breeding sites at Punta Corio, Sombrerillo and
Morro Sama, and numbers have decreased in Punta San Fernando and Punta La Chira,
where human disturbance has increased, mainly due to local ﬁsheries activities (Paredes
et al. 2003). Penguins have retreated into less favourable habitat and are now found
in inaccessible and marginal areas that are vulnerable to occasional and unpredictable
ﬂooding from ocean swells (Paredes et al. 2003). At Cape Hallet, site of a joint NZ-US
Antarctic base, Adélie penguin numbers declined while the base was in operation between
1959 and 1968, increasing again only after the base was mothballed in 1973 (Wilson et
al. 1990). Adélie penguin numbers increased by as much as 928% at breeding colonies
in Wilkes Land, East Antarctica, with the exception of those at Shirley Island, near the
Australian Casey Station (Woehler et al. 1991), where observed changes in distribution
and reduction in mean breeding success due to human visitation are believed to have
prevented any population increase (Woehler et al. 1994). Similarly, along the Soya Coast in
Queen Maud Land, East Antarctica, Adélie penguin populations ﬂuctuated synchronously
in association with sea-ice conditions, but showed an overall increase at all but two sites,
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one located deep inside Lützow-Holm Bay and another where human disturbance was
substantial (Kato et al. 2002). At Cape Bird, Ross Island, Adélie penguin breeding groups
near a ﬁeld station declined more than 50% over a 20-year period, even though the total
population of the colony markedly increased (Young 1990). The drastic decline in numbers
of breeding Adélie penguins at Cape Royds between 1955 and 1963 is attributed to visitor
disturbance (Thomson 1977). Following regulations to control helicopter operations and
visitors, as well as the introduction of a caretaker scheme, the colony at Cape Royds
recovered, however, a strict cause and effect has not been established. Current management
guidelines for aircraft operation are less stringent and less speciﬁc than those recommended
by the Scientiﬁc Committee for Antarctic Research (SCAR) Specialist Group on Birds,
and represent a compromise to accommodate operational needs. Harris (2005) argues they
should be considered interim measures until new and improved research results appear.
We are still at the very beginning of understanding the far reaching subtle and thus
difﬁcult-to-measure effects of human disturbance. Table 1.2.1 provides an overview of
research addressing human disturbance impact on penguins in an attempt to structure
results and make them more accessible. Overall, inter-speciﬁc differences in disturbance
response and ability to habituate appear to be important (Section 2). However, smaller
scale differences between breeding locations and individuals also drive initial disturbance
response and habituation potential (Section 3). How species, populations or even
individuals perceive an approaching human depends on a great range of factors we are
just beginning to appreciate. It is clear that intuition is a poor guide for evaluating human
disturbance impact. Stimuli we subjectively would classify as low disturbance may be
perceived quite differently by the affected animal. Detailed site- and species-speciﬁc
research is necessary to provide the basis for appropriate anticipatory visitor management
decisions.
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increased body temperature and energy consumption

altered hormonal stress response

•

•

altered time activity budgets

delayed return to breeding colony

ﬂight response

•

•

•

Behaviour

increased heart rate (and thus energy consumption)

•

Physiology

Details

African (P)
King (A)
King (P)
Adélie (A)
Magellanic (P)

Adélie (A)
Yellow-eyed (P)
Emperor (P)

Emperor (P)

African (P)
Emperor (A)
Royal, Gentoo, King (P)

Magellanic (P)
Yellow-eyed (P)

Emperor (A, P, R)

Adélieb (A, P)c
Gentoo (P)
Magellanic (P)
Royal (P)
Humboldt (P)
Yellow-eyed (P)
Snares (P)

Species

Hockey & Hallinan 1981; van Heezik & Seddon 1990
Rounsevell & Binns 1991
Holmes 2007
Culik et al. 1990; Wilson et al. 1991
Yorio & Boersma 1992; Walker et al. 2005

Wilson et al. 1991
Wright 1998
Burger & Gochﬁeld 2007

van Heezik & Seddon 1990
Giese & Riddle 1999
Holmes et al. 2005; Holmes et al. 2006; Holmes 2007;
Holmes et al. in press
Burger & Gochﬁeld 2007

Fowler 1999; Walker et al. 2005, 2006
Ellenberg et al. 2007

Regel & Pütz 1997

Culik et al. 1990; Wilson et al. 1991; Giese et al. 1999
Nimon et al. 1995
Ecks 1996
Holmes et al. 2005
Ellenberg et al. 2006
Ellenberg et al. 2008, in review
Ellenberg et al. in review

References a

Table 1.2.1. Summary of human disturbance related effects on penguin physiology, behaviour, demography, distribution, and abundance.
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permanent

•

•

relocation of birds to less disturbed colonies
abandoned colony sites

abandoned nest prospecting
change in colony shape and access paths
smaller breeding groups
lower nesting densities in disturbed areas

shifting access paths

African (P)
Humboldt, Magellanic (P)
Magellanic (P, V)
Humboldt (G, P)
Adélie (G)
African (P)
Fiordland (P, R)
Adelie (P, R)
Magellanic (P, V)

increased predation opportunities

Adélie (G)
Adélie (A)
Adélie (P)

African (P)
Adélie (G)
Adélie (G)
Magellanic (P)
Little (P)
Humboldt (P)
Gentoo (G)
Gentoo (P, G)
Humboldt (P)

Adélie (P)
Gentoo, Magellanic, King (P)
Emperor (P)

incidental or deliberate nest site destruction

reduced breeding success via
undeﬁned human disturbance effects

Demography

temporary

•

Distribution

King (A)
Yellow-eyed (P)
Emperor (A)
Chinstrap (P)
Adélie, Emperor (A)
Humboldt (P)

Oelke 1978
Hockey & Hallinan 1981
St Clair & St Clair 1992
Giese 1996
Yorio et al. 2001

Frost et al. 1976
Simeone & Schlatter 1998
Yorio et al. 2001
Paredes et al. 2003

Ainley et al. 1983
Wilson et al. 1991
Woehler et al. 1994

Hockey & Hallinan 1981
Zale 1994
Oelke 1978
Fowler 1999
Weerheim et al. 2003; Giling et al. 2008
Ellenberg et al. 2006
Crawford et al. 2003
Rand 1954
Paredes et al. 2003

Wilson et al. 1991
Otley 2005
Burger & Gochﬁeld 2007

Cooper et al. 1994
Wright 1998
Giese & Riddle 1999
Martin et al. 2004
Southwell 2005
Ellenberg et al. 2006
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reduced survival or recruitment probabilities

direct mortality

•

•

declining number of breeding pairs in disturbed colonies

declining number of breeding pairs in tourist visited colonies

•

•

Gentoo (P, R)

Adélie (G; Cape Hallet)
African (P, G)
Adélie (G; Cape Royds)
Adélie (G; Cape Hallet)
Adélie (G; Cape Bird)
Adélie (G; Wilkes Land)
Humboldt (G, P; Peru)
Adélie (G; Wilkes Land)

Adélie (G; Gourley, S. Orkney)

King (A)
Magellanic (V)
Yellow-eyed (V, dogs)
Little (V, dogs)

Adélie (P)
Yellow-eyed (P)

Yellow-eyed (P)

Adélie (P)
Humboldt (P)
Yellow-eyed (P)

Trathan et al. 2008

Johnston 1971
Frost et al. 1976
Thomson 1977;
Wilson et al. 1990;
Young 1990;
Woehler et al. 1991, 1994
Paredes et al. 2003
Bircher et al. 2008

Croxal et al. 1981

Rounsevell & Binns 1991; Cooper et al. 1994
Yorio & Boersma 1992; Yorio et al. 2001
Hocken 2005
Hocken 2000; Hocken 2005

Woehler et al. 1994
McClung et al. 2004

McClung et al. 2004; Ellenberg et al. 2007

Giese 1996
Ellenberg et al. 2006
Ellenberg et al. 2007

b

References are given in chronological order.
For scientiﬁc species names please refer text.
c
Type of human disturbance that caused the observed changes is given in brackets after the species name: aircraft (A); vehicle (V); pedestrian (P); research manipulations (R);
general undeﬁned human activity including visits by tourists or station personnel, aircraft and other vehicular operations (G).
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breeding numbers smaller in disturbed areas than expected
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accumulating changes in physiology and behaviour?
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Figure 1.2.1. Overview of the effects of natural and human derived disturbance stimuli on
penguins. Subtle costs of human disturbance may accumulate with the potential of population
level consequences if enough individuals are affected. Black arrows show causal relationships, red
arrows indicate if the observed parameter increases (up) or decreases (down).
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SECTION 2

Species-speciﬁc responses to human
disturbance

CHAPTER 2.1

Physiological and reproductive
consequences of human disturbance in
Humboldt penguins: The need for speciesspeciﬁc visitor management

This chapter has been published in Biological Conservation as:
Ellenberg, U., Mattern, T., Seddon, P.J. & Luna Jorquera G., 2006. Physiological and
reproductive consequences of human disturbance in Humboldt penguins: The need for
species-speciﬁc visitor management 133, 95-106.
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2.1. Physiological and reproductive consequences of human
disturbance in Humboldt penguins: The need for speciesspeciﬁc visitor management

Abstract

Over the last decade the Humboldt penguin, Spheniscus humboldti, has become a focus
for ecotourism. Current management applies visitor guidelines similar to those developed
for Magellanic penguins, Spheniscus magellanicus. However, unlike these, Humboldt
penguins are extremely sensitive to human presence. Breeding success was signiﬁcantly
reduced at frequently visited sites. Heart rate telemetry during disturbance experiments
revealed that Humboldt penguins respond more strongly to human presence than do any
other penguin species thus far studied. A person passing an incubating penguin at 150 m
distance already provoked a signiﬁcant heart rate response. Recovery times were up to
half an hour after direct human approach, causing increased energy expenditure without
any overt behavioural reaction. Being extraordinary sensitive to human activity with
little habituation potential the Humboldt penguin proves to be a difﬁcult focal species
for ecotourism. For sustainable ecotourism visitors are required to stay out of sight
of Humboldt penguin breeding and moulting areas. Management guidelines need to
acknowledge that even closely related species may react very differently towards human
presence.
Keywords: ecotourism; human disturbance; heart rate telemetry; habituation; Spheniscus
humboldti; Chile

2.1.1. Introduction

Conservationists place great hopes on ecotourism “as responsible travel to natural areas
which conserves the environment” (Lindberg and Hawkins, 1993); “producing economic
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beneﬁts that encourage conservation” (Ryel and Grasse, 1991). There is ample evidence,
however, that so-called ecotourism has the potential to be ecologically unsustainable (e.g.
Edington and Edington, 1986; Boo, 1990; Honey, 1999; Müllner et al., 2004).
Although adverse effects of human disturbance on wildlife have long been recognized (e.g.
Boyle and Samson, 1985; Ingold et al., 1992; Keller, 1995; Carney and Sydeman, 1999),
a general framework for approaching this issue is lacking (Frid and Dill, 2002). Effects on
survival or breeding success are often seen as the ultimate criteria for identifying adverse
effects (Nimon and Stonehouse, 1995, Nisbet, 2000). However, even subtle impacts
of human disturbance on physiological parameters, such as increased heart rate, stress
hormone levels and energy expenditure, may reduce individual ﬁtness and can eventually
have population-level consequences (Lee and McDonald, 1985; Hüppop, 1995; Regel and
Pütz, 1997; Fowler, 1999; Frid and Dill, 2002; McClung, 2004).
Penguins may show little behavioural reaction to human presence at their breeding
sites (Culik and Wilson, 1991; Nimon et al., 1995). Heart rate change can be a reliable
parameter to quantify penguin stress response to single disturbance events (Wilson et al.,
1991; Nimon, 1996; Giese, 1999). Although physiological stress responses in penguins
have not been linked to ﬁtness parameters, there is evidence human disturbance may
cause reduced breeding success in several penguin species, including African Spheniscus
demersus (Hockey and Hallinan, 1981), Yellow-eyed Megadyptes antipodes (Roberts and
Roberts, 1973), Gentoo Pygoscelis papua (Croxall et al., 1984) and Adélie penguins P.
adeliae (Woehler et al., 1994; Giese, 1996).
Humboldt Penguins, Spheniscus humboldti, have become a focus for tourism ventures
relatively recently. This has been in part due to the remoteness of colonies which are
mainly restricted to islands and inaccessible sea caves along the coasts of Chile and
Peru (43° S - 5° S). The Humboldt penguin is classiﬁed as vulnerable (IUCN 2006) and
although legally protected is still hunted for food and bait (Birdlife International 2005).
The Humboldt Penguin National Reserve (29° S), IV Region, Chile, including the islands

37

2. Species-speciﬁc responses to human disturbance
Damas, Choros and Chañaral (Fig. 2.1.1) is the premier breeding location of the Humboldt
penguin (Simeone et al., 2003; Mattern et al., 2004). Since the reserve’s creation in 1990
associated tourism has developed rapidly, but with few controls. Current code of practice
applies management guidelines similar to those designed for visitation of Magellanic
penguin Spheniscus magellanicus colonies, a species which appears to be relatively
tolerant of people in close proximity to nests (Yorio and Boersma, 1992). This, however,
assumes that different species will react similarly towards human presence. Current lack of
knowledge about the species’ sensitivity to human proximity leaves the Humboldt penguin
vulnerable to mismanagement (Vilina et al., 1995; Simeone and Schlatter, 1998; Simeone
et al., 2003).
In this study we combined two approaches to assess human disturbance effects on penguins
in the Humboldt Penguin National Reserve. Using heart rate telemetry we experimentally
quantiﬁed the magnitude and duration of physiological responses to disturbance stimuli
and evaluated the penguins’ potential for habituation. Additionally, we monitored breeding
performance of Humboldt Penguins exposed to different levels of human activity,
considering other factors which might affect reproductive output. We sought to provide a
robust species-speciﬁc basis for effective management of human activity in the proximity
of Humboldt penguins.

2.1.2. Methods

Deﬁning “human disturbance” & “stress”
The term “human disturbance” is generally associated with human activity that has
negative consequences for wildlife. As “negative” is subjective and difﬁcult to quantify,
we adopted the deﬁnition by Nisbet (2000): “Human disturbance is any human activity
that changes the contemporaneous behaviour or physiology of one or more individuals
[…]”. Hence, disturbance causes by deﬁnition an effect, however, whether this effect is
sufﬁciently adverse to require management action remains to be determined.
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“Stress” is used in accordance with following deﬁnition provided by McEwan (2000)
“Stress may be deﬁned as a real or interpreted threat to the physiological or psychological
integrity of an individual that results in physiological and/or behavioural [stress]
responses.” For a detailed discussion of contemporary stress deﬁnitions refer to Levine
(2005). To avoid confusion we distinguish between the input (stress or disturbance
stimulus) and the output (stress response).

Study site and species

During the austral summer breeding seasons 2001/02 and 2002/03 we studied Humboldt
penguins on the islands Damas, Choros, and Chañaral (29° S, Chile, Fig. 2.1.1), which
form the Humboldt Penguin National Reserve. While public access to Choros and Chañaral
is restricted, Damas has become an important tourism destination, and visitor numbers
have grown from a few hundred people annually in the early 1990s to over 10,000 visitors
in 2003 (CONAF, Coperación Nacional Forestal, responsible for administration of the
islands, unpublished data). Being more remote, Chañaral is still rarely visited by humans.
Choros and Damas, on the other hand, are situated within easy reach from the popular
tourist village Punta Choros where local ﬁshermen and tourism companies offer wildlifeviewing trips. During the main tourist season (November – March) more than 40 tours
depart from Punta Choros on most days, usually including a stopover of several hours on
Damas to explore local wildlife as well as private beaches with their diverse desert ﬂora.
CONAF tries to limit landings on Damas to 100 tourists per day. Damas also features
overnight camping facilities, and since 2002, visitors are asked to stay no longer than two
nights on the island due to increasing demand for camp sites. Damas’ penguin breeding
area has access via a well established loop track (Fig. 2.1.1). Similarly as in Magellanic
penguin colonies used for tourism ventures, visitors can walk freely among nests and
approach penguins to within few meters of nest sites. Although landing on Choros is
ofﬁcially not permitted, ﬁshermen frequently use the island as base for seafood harvest
or hunt for rabbits. In recent years, the island received increasing scientiﬁc attention with
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research camps being established throughout the summer months, addressing a wide
variety of scientiﬁc questions. However, our group was the ﬁrst to work with the local
Humboldt penguin population.
Humboldt penguins breed in loose colonies and are resident on the islands all year. Most
nests are in dug-out bowls under rocks or vegetation. Humboldt penguins lay two eggs
per clutch, but three-egg clutches occur naturally (1.2 % of 262 nests, own observation).
Chicks hatch after 41 days and are reared by both parents until ﬂedging at 10-12 weeks
(Zavalaga and Paredes 1997). During moult penguins are conﬁned to land for three weeks
(Luna-Jorquera et al. 2000). The peak breeding (November – December) and moulting
(February) take place during summer when the reserve is a focus for wildlife tourism.

Breeding parameters and nest attendance pattern

We monitored nests on Choros and Damas during 2001/02 and 2002/03, and on Chañaral
in 2002/03. Established human walkways were geo-referenced. We determined GPS
positions (±10 m accuracy) of nests, and recorded nest type (rock boulders, rock cave,
cactus, and shrub), entrance orientation (azimuth from North), height above sea level
(metres), and estimated the percentage cover of the nest bowl to investigate the inﬂuence
of various nest characteristics on breeding performance. During nest searches we also
recorded roosting sites (containing adults only), and empty nests (with signs of previous
usage like scat marks or feathers). In active nests we noted presence of external parasites
(ticks, ﬂeas, and mites). Ticks were quantiﬁed by sieving through 500 ml of nest bottom
substrate and/or placing a cup with 100 ml butyric acid for 24h into the nest bowl after
conﬁrmed nest abandonment. We measured egg length and maximum width with vernier
callipers (± 0.1 mm) in nests which were attended by comparably less ﬂighty birds and
which provided sufﬁcient shade to protect eggs from overheating in the case of short-term
abandonment. Egg size was estimated using a volume index (length x maximum width²)
to test for differences in female condition and/or food availability between breeding sites
(Boersma et al. 1990). Chicks were weighed with Pesola balances (1, 2 and 5 kg) using
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cotton weighing bags and controlled for external parasite infection, a procedure which
took less than 5min before chicks were released back at the nest. Following Boersma
et al. (1990) we considered a chick to have ﬂedged when it was no longer found in the
vicinity of its nest site and weighed ≥1.8 kg when last seen. To reduce potential disease
transmission hands and tools were disinfected between nests using sanitizer spray. All
other gear was disinfected between breeding areas. At a subset of nests (n = 13) that were
easily observable from distance we recorded adult nest attendance patterns. For this, we
colour-marked one attending bird with a long-handled paint brush. As Humboldt penguins
demonstrate an obvious difference between sexes in that males have bigger bills and are
signiﬁcantly larger than females (Williams 1995), birds were sexed via visual comparison
of joint partners. Over a period of two weeks the gender of the attending adult was noted
daily in the early afternoon. Humboldt penguins usually depart colony after sunrise and
return from their foraging trip in the evening (Williams 1995) so that error margins of
attendance patterns should be negligible. To reduce researcher disturbance we checked nest
sites once per month from October until February.

Heart rate telemetry

Heart rate telemetry was carried out on Choros at a total of 20 nest sites (10 per breeding
season, with ﬁve nests in more frequented and ﬁve in less frequented parts of the island,
Fig. 2.1.1). Only birds which did not readily ﬂee and abandon their nest site during human
approach were included in disturbances experiments. All experimental nests contained two
egg clutches. To record heart rate (HR) we used an egg-shaped dummy (ED) with internal
microphone (Panasonic MCE-201) and pre-ampliﬁer (Conrad Electronic 191566-62). Via
100 m acoustic cable (0.75 mm²) the HR signal was recorded to MiniDisc (Sharp MDMT88). Simultaneously, we noted behavioural changes, natural stimuli (e.g. approaching
partner or neighbour) and disturbance experiment details.
Experimental nests were widely separated and ED deployment could not be perceived at
neighbouring nests. The ED was added to the clutch when only one partner was present.
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During deployment we either colour-marked the incubating bird with a long-handled paint
brush or noted individual spot patterns to distinguish the bird which was present during
ED deployment from its naïve partner. From four available EDs a maximum of two were
deployed per day, retrieval depended on the time of return of the naïve partner. EDs were
disinfected between deployments. After ED deployment we observed the bird from a hide
(50-100 m from nest amongst rock boulders) but did not start experiments until the next
day.
The ED was accepted by 94 % of males (n = 18) and 82 % of females (n = 17). One
male ﬂed during approach and did not return until the next day; one female rejected the
ED after one day of incubation; two females never accepted the ED when relieving their
partner. When accepted, the ED was incubated within the clutch; in no case were real eggs
expelled.
Sound data was analyzed with custom written software in Matlab 6.5 (Mathworks, Natick,
MA, USA). As resting heart rate (RHR) was found to be as low as 50 bpm (beats per
minute), we considered a window of 12 seconds (containing a minimum of 10 heart beats)
to calculate each heart rate reading. Following Neebe and Hüppop (1994) we deﬁned the
mean RHR during a period of at least 30 s of undisturbed incubation immediately before
the experiment or natural stimulus as baseline; two standard deviations from mean RHR
were considered a tolerance band. When the HR left the tolerance band spontaneously
it counted as excitation. Excitation ended when the HR was maintained for at least 30 s
within the previously deﬁned tolerance band. Recovery time was deﬁned as the time from
maximum HR to end of excitation.
We recorded HR during experimental disturbance, involving a person walking past the
nest at 150, 100, 50, and 20 m distance within sight of the incubating bird, and direct
approaches to 20 or 2 m from the nest. During three trials, birds responded equivalently
when directly approached to both distances (%RHR: Mann Whitney U = 13, p = 0.529;
recovery time: U = 17, p = 1). Therefore, we abandoned the 20 m direct approach to reduce
disturbance impact and subsequently removed this experiment from comparative analysis.
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Instead, we focused on 2 m direct approaches, which reﬂect a typical nest-check situation
when no interference is required. This nest-check experiment included a one minute stop
in front of the nest before retreating out of sight. During the stop we counted the number
of alternate stares, a typical behaviour of defensive Spheniscus penguins, which was ﬁrst
described as “alternate head stare” by Eggleton and Siegfried (1979) and subsequently
used to quantify behavioural stress response (e.g. Yorio and Boersma, 1992; Fowler,
1999; Walker et al., 2006). We also included a pass at 20 m distance, but out of sight of
the incubating bird to determine whether the sound of a walking person elicits a response.
Experiments were performed by a single person dressed in inconspicuous clothing moving
in a calm steady manner (i.e. slow and even steps < 1/s; no quick movements); all direct
approaches were done by UE. Individual penguins were exposed to several passes but only
one direct approach per day.
To assess whether penguins readily habituate to repeated human presence we recorded HR
during three consecutive passes at 20 m distance, allowing 30 min between experiments
to ensure HR had returned to resting levels before starting the next pass. Additionally, we
measured the differences between the same experiment performed on subsequent days, and
assessed whether physiological responses decreased over time.

Statistical analysis

For multiple comparisons, analysis of variance (ANOVA) was employed. Following
signiﬁcant ANOVA results, we used Tukey-Kramer honestly signiﬁcant difference as our
criterion for signiﬁcance (Zar, 1999). We square-root-transformed recovery time data
when assumptions of normality were not met and tested for homogeneity of variances
using Levene’s test. Kruskal-Wallis test was employed to conﬁrm non-signiﬁcant ANOVA
results when sample sizes were different. Repeated-measures ANOVA or paired t-test were
employed for analysis of habituation experiments. A pooled variances two-sample t-test for
two-tailed hypothesis was applied for comparison of two means, if not indicated otherwise.
Pearson correlation coefﬁcient was calculated to quantify correlation. We considered
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differences signiﬁcant if p < 0.05 and reported values as mean (range), if not indicated
otherwise.

2.1.3. Results

Nest attendance and ED deployment time

Nest attendance patterns were extremely variable: Considering successful nests only, mean
male incubation shifts were 2.5 days (n = 16, range 1 – 8 d), and those of females 3.1 days
(n = 15, range 1 – 6 d). As we were interested not only in the bird which had been present
when we deployed the egg-shaped dummy (ED) but also its naïve partner, we extended
deployment time to an average of 4 days (range 2 – 10 d). There was a trend for lower
breeding success with increasing ED deployment time (n = 19, r = -0.28, p = 0.25).

Breeding parameters

Along the south-western plateau of Choros, an area frequented by humans (see Fig. 2.1.1)
we found a low number of active nests despite abundant nesting opportunities. Of 710 nest
sites only 6 % were occupied by breeders. In comparison, the northern breeding area on
Choros held a total of 221 nest sites with 20 % of them active. This is comparable to the
occupation rate found on undisturbed Chañaral (14 %).
Only one fourth of nests on Choros had less than 50 % overhead cover. Breeding success
of less sheltered nests did not differ signiﬁcantly from more protected ones, although the
only two nests without any cover failed.
Choros provided diverse nesting habitat with most nests being established under rock
boulders (74 %), rock caves (10 %), cactus (6 %) and shrub (9 %). We found no signiﬁcant
differences in breeding success between different nest types (F3, 132 = 1.931, p = 0.128)
with a trend for cactus being a suboptimal nesting habitat. Chañaral offered little choice of
nesting habitat; cactus was used as nesting substrate in more than half of all cases (52 %),
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followed by shrub (48 %). On Damas all nests were found under rock boulders.
Height above sea level or direction of main nest entrance did not correlate with breeding
success on any of the islands. External parasite infection of nests was low at all sites.
Mean (± SD) egg size index calculated from measurements was 215.4 ± 17.6 with no
difference between the three islands (H2, 178 = 1.766, p = 0.413).
Birds attending relatively open nests occasionally ﬂed during nest-checks but usually
returned soon. In one incident the bird completely abandoned its two egg clutch during
a nest-check, thus one single visitation of a nest can already cause breeding failure in
Humboldt penguins.
Damas had the lowest breeding success during both seasons monitored; all nests visible
from human walkways failed. The breeding success on Choros did not differ signiﬁcantly
between the relatively undisturbed and the more frequently visited areas during both
breeding seasons (2001/02: t84 = -0.815, p = 0.417; 2002/03: t110 = -1.159, p = 0.249), thus
breeding data collected on Choros was pooled despite different disturbance regimes. On
Choros penguins had better reproductive output than on Damas but less than on remote
Chañaral, which had the highest breeding success of all areas (1.34 chicks ﬂedged per
pair, Tab. 2.1.1). In 2002/03 breeding success was signiﬁcantly different between all three
islands (F2, 221 = 11.292, p < 0.001; Choros vs. Chañaral p = 0.017, Choros vs. Damas p =
0.002, Damas vs. Chañaral p < 0.001). Breeding success of experimental nests (n = 10 per
season) was 1.1 chicks per nest in 2001/02 and 0.7 in 2002/03 breeding season.

Heart rate telemetry

During experiments we recorded an average resting heart rate (RHR) of 104 beats per
minute (bpm, n = 59, range: 65-142 bpm). RHR was independent of sex, date or time
of day, but varied with nest microclimate. Therefore we used the relative HR increase
(%RHR) to determine levels of excitation. HR response and recovery times during nest-
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check experiments were comparable during both seasons (%RHR: t15 = 0.623, p = 0.453;
recovery time: t15 = 1.644, p = 0.121). Similarly, we found no signiﬁcant differences in
heart rate responses of birds breeding in the rarely visited and the more frequented part of
Choros (%RHR: t15 = 0.796, p = 0.438; recovery time: t15 = 1.385, p = 0.186). Thus, HR
response and recovery data from both areas were pooled for subsequent analysis.

Disturbance experiments

A direct approach to within two meters of the nest site (i.e. nest-check experiment)
provoked the strongest physiological reaction (Fig. 2.1.2 and 2.1.3): The birds doubled
their HR (198 %RHR, range 152 – 287, n = 17) and needed up to half an hour for recovery
(13.7 min, range 3.7 – 29.9 min, n = 17). This response was signiﬁcantly different from
reactions recorded during all other experiments (%RHR: F3, 50 = 7.232, p < 0.0001;
recovery time: F3, 50 = 10.528, p < 0.0001). For analysis we combined 100 m and 150 m
experimental passes into ‘≥ 100 m pass’ and excluded the three 20 m direct approaches
(see Methods section). Direct approaches resulted in a stronger HR response than did
movements clearly leading past the nest (Fig. 2.1.3). Nevertheless, even a person passing at
150 m distance caused a measurable response (Fig. 2.1.3). An approaching partner caused
the strongest recorded natural HR reaction (164 %RHR, SD 4.7, n = 3). During natural
stimuli, HR usually fell back into range of RHR within seconds (e.g. Fig. 2.1.2 e, f),
whereas human-induced responses needed more time for recovery (Fig. 2.1.2 a-d).
During nest-check experiments 71.4 % (n = 20) of the birds stood up and thus lost contact
with the ED at some stage. This is twice as often as during all other experiments (range
14.3% – 33.3%). Average stand-up distance was 20.2 m (range 7 – 50 m) during nestcheck experiments; including passes it increased to 35.5 m (range 7 – 110 m). Loss of
contact with the ED immediately after an experiment was usually followed by vigorous
nest maintenance behaviour (e.g. Fig. 2.1.2 a) however even birds which did not display a
strong behavioural reaction had comparable HR responses to a nest-check experiment (e.g.
Fig. 2.1.2 b).
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We counted an average of 29 alternate stares during the 1 min nest-check (range 16 – 53,
n = 19). Even though HR did not fall signiﬁcantly during the check, head turns were
on average quicker (17 turns) during the ﬁrst 0.5 min than during the second half of the
stop (11 turns; separate variances t 26.8 = 2.924, p = 0.007). Overall speed of head turns
was slightly positive related with heart rate response (%RHR: r = 0.308, p = 0.246, n =
16; recovery time: r = 0.386, p = 0.139, n = 16). In penguins breeding along the southwestern plateau head turns were on average slower (although not signiﬁcantly so: separate
variances t17 = 1.746, p = 0.106) and less variable (coefﬁcient of variation CVnorth = 0.44,
CVsouth = 0.14) when compared with the undisturbed northern colony.
We found no signiﬁcant difference between sexes when comparing maximum HR, %RHR,
recovery time, head turns and likelihood to stand up during a nest-check experiment (data
available for 8 females and 12 males). During all experiments responses of naïve birds
(n = 10) were not different from that of mates which experienced ED deployment (n = 10).
Breeding success of experimental nests was unrelated to individual heart rate response,
considering reactions to 2 m-direct-approach and only the shyer partner per nest (%RHR:
F2, 15 = 0.430, p = 0.660; recovery time: F2, 15 = 0.420, p = 0.666).

Habituation potential

Three consecutive passes at 20 m distance (30 min apart) provoked similar stress
responses during each pass (%RHR: F2, 24 = 0.056, p = 0.946; recovery time: F2, 21 = 2.241,
p = 0.202; Fig. 2.1.4 a). When testing responses to ﬁrst passes on consecutive days we
found no difference (%RHR: t5 = -0.832, p = 0.443; recovery time: t6 = -0.305, p = 0.770;
Fig. 2.1.4 b). After nest-check experiments recovery time was signiﬁcantly lower the
second day (recovery time: t 5 = 9.473, p = 0.001), although no difference in heart rate
reaction was found (%RHR: t 5 = 0.693, p = 0.151; Fig. 2.1.4 c). For two birds we made
nest-check recordings during three consecutive days, and found that recovery times were
not further reduced but remained level (i.e. at 10 or 19 min) after the second experiment.
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2.1.4. Discussion

Humboldt penguin breeding success varied with levels of human activity on the three
islands of the Humboldt Penguin National Reserve. Penguins breeding on remote Chanaral
had the highest breeding success, whereas accessible Choros showed reduced breeding
success, and tourist-prone Damas had negligible reproductive output. These differences
were signiﬁcant. In comparison, Magellanic penguins breeding in the tourist sector at
Punta Tombo, Argentina show no reduced breeding success, despite frequent visitation of
nests at close proximity on occasion even touch of attending birds (Yorio and Boersma,
1992).
For situations other than nest desertion during signiﬁcant disturbance, it is difﬁcult to
relate the observed breeding success directly to human activity. Many other factors such
as weather, food availability, natural predation or parasites can inﬂuence the dynamics of
individual populations. The three islands of the Humboldt Penguin National Reserve lie in
close proximity but differ in size and habitat, thus it is important to consider factors other
than disturbance which might have affected reproductive output.

Possible factors affecting breeding success

High abundance of external parasites can cause breeding failure in Peruvian seabirds
(Duffy, 1983). However, external parasites were equally sparse at all sites and thus not
responsible for differences in breeding success observed between islands.
Nor was natural predation of offspring an important factor on all three islands. Breeding
failure due to human disturbance is often caused by evicting incubating birds from their
nests exposing eggs or chicks to predators that would normally be driven off by the
attending bird (e.g. Hockey and Hallinan, 1981; St Clair and St Clair, 1992). However, on
Damas and Choros low abundance of gulls and raptors and the absence of other potential
predators allowed eggs to be found untouched even months after nest abandonment. On
Chañaral abundant Kelp Gulls (Larus dominicanus) might have inﬂated the observed
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breeding success as possible failures early in the breeding season would not have been
detectable. Furthermore, Kelp Gulls may affect future breeding success on Chañaral if
penguins are driven off nests.
Heavy rainfall can reduce Humboldt penguin breeding success (Simeone et al. 2002).
However, the three islands lie in close proximity thus climatic conditions can be considered
similar. Nest habitat and other nest attributes had no signiﬁcant effect on breeding success.
Smaller colonies are sometimes thought to be new colonies with a high proportion of
young breeders (e.g. Teneza 1971). Although the age structure at different colonies is
not known, anecdotal evidence suggests Damas’ colony was already established and
considerably larger some 15 years ago (Guido Navarro personal communication). Hence,
Damas can not be considered a new colony, and age and experience of breeding penguins
are likely to be similar to Choros and Chañaral. Lack of experience should thus not be
responsible for breeding failure on Damas.
During the guard phase Humboldt penguins forage up to 48 km from colonies, although
they prefer to make shorter trips when food is abundant (Hennicke 2001). As Chañaral
is less than 30 km north of the other two islands, foraging grounds theoretically overlap.
Egg size, an indicator of food availability (e.g. Frere et al., 1998), was identical at all three
islands, suggesting similar feeding conditions.

Effect of human disturbance on breeding success and nesting densities

Human disturbance is the most likely explanation for breeding failure of Humboldt
penguins on Damas. All nests close to tracks failed, whereas successful nests were out
of human sight. The 2002/03 season was an exceptionally successful breeding year at all
other study areas, however, most nests on Damas failed, with only one chick surviving at
the least accessible nest site. The fact that birds breeding at Damas never managed to raise
two chicks may indicate human presence not only stressed the attending bird but could
have prevented the foraging partner from returning and feeding the chicks.
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On Damas all active nests were under rock boulders, thus people could not collapse nest
burrows as was the main problem on the Puñihuil islands (South-central Chile (41° S),
Simeone et al., 1998). Also overheating of eggs should not have been a problem even if
penguins were driven off their clutch. Therefore, we suggest that cumulative stress caused
by frequent visits possibly together with delayed return of partners was the main cause of
nest desertion on Damas.
On Choros only a few active nests were found along the south-western plateau of the island
despite abundant nesting opportunities: Of 710 nest sites found only 6% were occupied by
breeders. In contrast, the rarely visited northern breeding area had an occupation rate of
available nest sites (20%) similar to that found on Chañaral. Anecdotal evidence suggests
the south-western plateau was used by more penguins in the 1990s (Marta Angarita
personal communication). This area is now often frequented by ﬁshermen when traversing
to the exposed western beaches of Choros, and by researchers heading for study sites.
Penguins breeding along the south-western plateau of Choros appeared to be calmer than
average; together with Damas the south-western plateau was the only area where attending
penguins never ﬂed during nest-checks. Lower nest occupation rates together with lower
and less variable behavioural and heart rate responses in penguins breeding along the
south-western plateau suggest stress-prone birds may no longer attempt to breed in areas
frequented by humans.
During the ﬁrst study season, breeding success of experimental nests was higher than
average, whereas during the second season it was lower. This can be explained by the high
plasticity of breeding onset in Humboldt penguins: In the ﬁrst breeding season we could
subjectively select the “best” nest sites (sheltered one entrance nests with well-established
birds) for disturbance experiments and thus observed good breeding success despite regular
human presence. During the second season penguins started breeding earlier so we had to
include three late breeders (all failed) to complete our experiments. Breeding success was
unrelated to individual stress response, indicating that carefully regulated human presence
(one approach per day over a short period of time) at selected nests may not necessarily
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provoke breeding failure in Humboldt penguins. As has been shown for Adélie penguins
(Giese, 1996), frequency of visitation, rather than type of intrusion, may be the critical
factor inﬂuencing breeding success.

Disturbance experiments

Behavioural measures, such as the alternate stare, were correlated with physiological
reaction, but insufﬁcient to quantify stress in this study. Furthermore, behavioural
measures can be misleading as penguins may show behavioural habituation to human
presence despite an unaltered physiological stress response, as has been shown for
Magellanic penguin chicks close to ﬂedging (Walker et al., 2005). Heart rate telemetry
allows evaluation of distinct disturbance stimuli in an unobtrusive and unbiased manner.
Walking past a nest provoked signiﬁcantly lower responses than did direct approaches.
Angle of approach has been shown to be an important factor for disturbance tolerance
in other species, and direct approaches are generally perceived more dangerous (Burger
and Gochﬁeld, 1990, 1991; Martin et al. 2004; but see Fernandéz-Juricic et al., 2005).
Passing at 100 m distance or more caused less response than passing closer to the nest
site. However, even passing at 150 m distance from an incubating penguin provoked a
signiﬁcant physiological response. These are the greatest response distances reported
for penguins to date. Our ﬁndings support Sivak et al. (1987) in attesting that Humboldt
penguins appear to have normal visual optics on land; they are deﬁnitely not short sighted
as stated by Martin and Young (1984). A pass at 20 m distance from the nest but out of
sight of the bird provoked similar heart rate responses as did passes at distances ≥ 100 m,
indicating visual clues are more important for Humboldt penguins while acoustic stimuli of
human foot steps on gravel alone are perceived less dangerous.
The Humboldt penguin is the most timid penguin species so far studied. Human approach
caused heart rate acceleration in Adélie (Culik et al., 1990; Wilson et al., 1991), Gentoo
(Nimon et al., 1995), Magellanic (Ecks, 1996), and African penguins (Spheniscus
demersus, Marienne de Villiers personal communication). Maximum heart rate measured
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during human approach to 2-3 m was 132 bpm for Gentoo and Magellanic penguins and
140 bpm for Adélie penguins or in percent of previously measured resting heart rate:
182%RHR for Magellanic, 157% for Gentoo and 184% for Adélie penguins. Humboldt
penguins showed almost twice the response: maximum recorded heart rate was 258 bpm
(287%RHR) during human approach to 2 m from the nest (i.e. nest-check experiment).
This is comparable to the stress response of Adélie penguins during capture and handling
(270%RHR; Culik et al., 1990).
For proper evaluation heart rate responses to human disturbance must be related to
natural species-speciﬁc responses. The great range of resting heart rates measured in
Humboldt penguins (50 – 142 bpm) can be expected in a desert climate with temporally
and locally variable ambient temperatures. Butler and Woakes (1984), who measured
heart rate via implanted transmitters, reported mean heart rates of Humboldt penguins
standing motionless on land (121 bpm), ﬂoating inactively on water (139 bpm), and
during voluntary dives (134 bpm); the highest values were recorded when the birds ran
(245 bpm). This highly energy consuming behaviour provokes comparable heart rates to
those observed in incubating penguins when approached to 2 metres. Natural disturbance
stimuli during incubation usually provoked little deviation from RHR. The maximum
recorded natural reaction was during partner return (174 bpm), and comparable to that
caused by a human passing at 50 m distance.
However, more important than HR increase alone is the time the bird needs until the HR
drops back to normal levels. During natural stimuli HR usually fell back to RHR within
seconds; after human disturbance birds needed more time for recovery. Whereas in Royal
penguins, Eudyptes schlegeli, HR returned to pre-approach values within 3 minutes
(Holmes et al. 2005) and in African penguins as soon as the person retreated out of sight
(Marienne de Villiers personal communication), Humboldt penguins needed up to half an
hour for recovery after experimental human approach. As heart rate in penguins can be
directly correlated to energy consumption (e.g. Green et al., 2001), the long recovery phase
in Humboldt penguins is presumably associated with high energetic costs.
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Low level human disturbances (e.g. passes at over 100 m distance) are likely to
accumulate, leading to negative physiological consequences such as increased energy
demands. Thus, even if the birds are not forced to leave the nest immediately, repeated
human visitation might increase the likelihood of nest desertion.

Habituation potential

Habituation can be deﬁned as a “reduced response to repeated stimulation not attributable
to fatigue or sensory adaptation” (Domjan, 2003). Although habituation to human
disturbance has often been reported in colonial waterbirds, what is actually described
is variation in tolerance between different colonies (Nisbet, 2000). Higher tolerance of
human proximity in frequently disturbed colonies suggests that habituation of individuals
has occurred. For example, African penguins showed reduced responses following regular
disturbance on landing beaches (van Heezik and Seddon, 1990), and Magellanic penguins
at Punta Tombo behaved differently depending on their previous exposure to people (e.g.
Yorio and Boersma, 1992). However, recorded differences in tolerance might have been
the consequence of shyer individuals leaving the area or failing to reproduce, as has been
suggested repeatedly (e.g. Fowler 1999, but see Walker 2006; Fernandéz-Juricic, 2000;
Müllner et al. 2004; this study).
Habituation to repeated human approach has been shown for Frigatebirds, Fregata minor,
Blue-footed Boobies, Sula nebouxii, Swallowed-tailed Gulls, Creagus furcatus (Jungius
and Hirsch, 1979), and Magellanic penguins (Walker et al., 2006). Habituation potential
varies between species: Black ducks, Anas rubripes, showed less behavioural reaction after
repeated exposure to aircraft noise, whereas wood ducks, Aix sponsa, did not habituate
(Conomy et al., 1998).
Humboldt penguins appear to have little habituation potential to human disturbance.
Each of three repeated passes at 20 m distance provoked similar heart rate responses and
recovery times, as did experimental passes during consecutive days. However, recovery
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times after nest-check experiments were signiﬁcantly reduced after the same experiment
one day later, even though the heart rate maximum did not change. This might suggest
even Humboldt penguins are able to habituate to human activity to a certain degree,
especially when stress response is costly (as is the case during long recovery phases after
nest-check experiments) and birds do not receive any negative enforcement. Nevertheless,
stress responses in Humboldt penguins remain extremely high in comparison with other
species.
Magellanic penguins show reduced physiological and behavioural responses to repeated
short and consistent human activity (Walker et al., 2006); whereas, three years of exposure
to one hour of unregulated visitation per day was insufﬁcient to result in habituation
(Fowler, 1999). Promoting habituation appears to require a maximum of predictable “low
level disturbance”. For Humboldt penguins this could be passes at over 100 m distance
from the nest site along established tracks or acoustic stimuli from well-regulated tourists
behind visual barriers. However, Humboldt penguins are clearly unsuitable for tourist
operations that include frequent, exposed human visitation at nest sites, as is the practice
for several other penguin species including the closely related Magellanic penguin.

Survival of the shyest?

Seabirds, including Humboldt penguins, have been hunted by coastal human communities
in Chile and Peru for more than 11,000 years (Sandweiss, 1998; DeFrance et al., 2001;
Simeone and Navarro, 2002; DeFrance, 2005). Decimated populations of Humboldt
penguins still are hunted in some areas (BirdLife International, 2005). Relative to their
population size Magellanic penguins breeding along the sparsely populated southern and
eastern coasts of South America never experienced selection pressure of similar magnitude.
This might explain the higher tolerance of human disturbance observed in Magellanic
penguins (Yorio and Boersma, 1992; Fowler, 1999; Walker et al., 2006).
Anti-predator behaviour has been shown to have heritable components (e.g. Roeder and

54

2.1. Humboldt penguins
Treat, 1961; Riechert and Hedrick, 1990, Boissy 1995), and hunting pressure is likely to
select for shyer individuals (McDougall et al., 2006). Conceivably, harvest of Humboldt
penguins constituted selection for birds that are cautious of human approach. This might
be an adequate strategy for a long-lived seabird when human disturbance is intermittent
and irregular. However, with increasing pressure from tourism, these extreme responses
become an evolutionary dilemma. Suppression of escape behaviour to minimize costs of
disturbance when exposed to visitors could have severe consequences in other situations
and may be counter-selected for (Müllner et al., 2004). Furthermore, extreme stress
responses observed in Humboldt penguins suggest more tolerant individuals have been lost
from the wild population.

Management implications

Properly managed tourism can be compatible with penguin breeding as has been shown for
Magellanic (Yorio and Boersma, 1992) and Yellow-eyed penguins (Ratz and Thompson,
1999). However, marked inter-speciﬁc differences in responses to human disturbance mean
generic seabird tourism management guidelines cannot be applied.
Good vision together with extraordinary shyness makes the Humboldt penguin a difﬁcult
focal species for ecotourism. During visual contact, visitors have to be guided clearly past
and not approach penguins, as direct approaches were shown to provoke signiﬁcantly
stronger stress responses than that to tangential movements. Visual barriers are needed
at distances of more than 100 m from breeding colonies to allow for human visitation
without visual contact. As Humboldt penguins are very suspicious of any changes in their
environment (returning birds may alter their path to avoid closer contact to any unknown
structure at distances of more than 100 m, personal observation) visual barriers have
to be elaborate to blend in with the environment. During moult any additional energy
expenditure can promote starvation, thus even greater set-back distances (>> 150 m)
should apply. Fortunately, Humboldt penguins do respond less to acoustical stimuli. A
person passing at 20 m distance from the nest but out of sight of the bird provoked similar
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heart rate responses as did passes at 100 m and more. However, our experiments were
performed by one single person in a calm steady manner, whereas tourism operations
involve groups of noisy people, thus it is likely the distances at which disturbance occurs
will be greater. Beale and Monaghan (2004) found that effects of disturbance increased
with numbers of visitors, and decreased with distance from nests of two colonial seabird
species. Thus, when managing access to wildlife areas, larger parties of visitors have to be
kept further away or set-back distances need to be determined for the largest party likely to
visit the site.

Conservation concern

Chañaral is the single most important breeding location of the Humboldt penguin (Mattern
et al., 2004), and seems likely to face increasing human activity in the near future. The
nearby ﬁshing village Caleta Chañaral currently invests heavily in tourism, while the
absence of any administrative bodies in the proximity of Chañaral could make the island
vulnerable to unregulated human intrusion. The nearest ranger station of the Chilean
Forestry Corporation (Corporación Nacional Forestal – CONAF, the agency responsible
for administration of the islands) is located at distant Punta Choros. This distance, along
with other constraints, makes adequate management of the reserve an ongoing challenge
(Vilina et al., 1995; Mattern et al., 2004).
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Table 2.1.1. Breeding success (chicks ﬂedged per pair) and number of active nests reﬂect levels of
human activity on the three islands (Damas, Choros and Chañaral) forming the Humboldt Penguin
National Reserve.
Island

Damas

Chorosa

Chañaral

Surface area (ha)

56

322

655

Estimated number of visitors (pa)

>10,000

<1000

<<100

Estimated number of active nests

10b

360b

9,000c

2001/02 breeding success

0.44

0.81

Number of nests fate known

9

93

2002/03 breeding success

0.13

0.96

1.34

Number of nests fate known

8

122

82

Numbers of active nests include only nests established during the austral summer breeding peak
(October – December). During 2001/02 differences in breeding success observed on Damas and
Choros were almost signiﬁcant (separate variances t12 = 1.859, p = 0.088). During 2002/03 breeding
success was signiﬁcantly different between all three islands (F2, 212 = 14.683, p < 0.001; post hoc,
Choros vs. Chañaral p = 0.003, Choros vs. Damas p = 0.014, Damas vs. Chañaral p < 0.001).
a

Excluding experimental nests.

b

Compare Simeone et al. 2003.

c

Compare Mattern et al. 2004.
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Figure 2.1.1. Geographic overview of Isla Choros, Damas and Chañaral, three islands which
form the Humboldt Penguin National Reserve in north-central Chile. The administrative regions
Coquimbo (4th region) and Atacama (3rd region) are shaded grey and labelled with roman
numbers. Tourism mainly operates from Punta Choros where the reserve’s head quarters (CONAF
– Corporación Nacional Forestal) are located. Caleta Chañaral is a small ﬁshing village facing Isla
Chañaral. The close up on Isla Choros and Damas reveals main Humboldt penguin breeding areas
and associated levels of visitation as well as access facilities.
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Figure 2.1.2. Examples of Humboldt penguin heart rate change over time during
experimental (a – d) and natural (e, f) disturbance stimuli. The ﬁrst arrow indicates point of
ﬁrst visual contact. The nest check experiment (a direct approach to within two meters from
the incubating bird) included a one minute stop (two joined arrows indicate the time spent
motionless at the nest). During experimental passes at 50 or 100m distance the second arrow
marks the point of minimum distance from the nest site (c, d); while during partner return (e)
it marks the change over. Gaps in curves are a result of temporary loss of heart rate signal due
to penguin movements or high ambient noise levels (e.g. partner recognition calls).
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Figure 2.1.3. Differences in heart rate increase (in percent of resting heart rate, %RHR) and
time needed for recovery in Humboldt penguins after different experimental disturbance stimuli
including sound (a person passing the nest at 20 m distance without visual contact), passes at 150,
100, 50 and 20 m distance from the nest site, and direct approaches to 20 and 2 m (i.e. nest check
experiment) from the incubating bird. Error bars represent standard error of the mean, for each
experiment sample size is given in brackets.

63

2. Species-speciﬁc responses to human disturbance

64

2.1. Humboldt penguins

Figure 2.1.4. Habituation potential of Humboldt penguins to a range of human disturbance stimuli.
(a) Three consecutive passes in 20 m distance (30 min apart) provoked similar stress responses
during each pass, as well as did (b) ﬁrst passes on consecutive days. (c) After a direct approach to
two meters from the nest (i.e. nest-check experiment) during two consecutive days recovery time
was signiﬁcantly reduced the second day, although no difference in heart rate reaction was found.
Heart rate elevation is given in percent of resting heart rate, %RHR, recovery time is the time
needed until heart rate returned to pre-disturbance levels. Error bars represent standard error of the
mean, for each experiment sample size is given in brackets.

65

CHAPTER 2.2

Heart rate response of Snares penguins
to human approach – an indication of
disturbance history?

2. Species-speciﬁc responses to human disturbance

2.2. Heart rate response of Snares penguins to human
approach – an indication of disturbance history?

Abstract

Historically little contact with humans makes the Snares penguin, Eudyptes robustus,
an ideal species to study the natural stress response of penguins to human proximity.
We measured behavioural and heart rate (HR) responses of Snares penguins to a range
of stimuli commonly occurring at their breeding sites and to experimental human
disturbance. While behavioural responses gave an indication of disturbance effects,
measuring HR provided a more objective and reliable tool to evaluate a disturbance
stimulus. Natural stimuli usually caused little HR increase and were followed by rapid
recovery. An experimental human approach provoked a signiﬁcantly greater HR increase
than most natural stimuli and more time was needed to recover from this disturbance
event. Simultaneous and previous research projects provided an opportunity to test the
effects of contemporary experience with humans on Snares penguin stress response.
Penguins undisturbed in this study but exposed to intrusive research and ﬁlming activities
the previous season showed signiﬁcantly stronger stress responses to human approach
than did naïve birds which had observed their neighbours being caught and handled.
Snares penguins seem little affected by observing their neighbours’ fate but appear to be
sensitised by previous individual experiences of humans. However, compared to other
penguin species, overall Snares penguins were little perturbed by human proximity. This
may be attributed to their dense breeding colonies that offer a stressful environment likely
selecting for appropriate stress coping styles, as well as to their relative isolation from
human activity in the past.
Key Words: Eudyptes robustus, Heart rate telemetry, Human disturbance, Individual
experiences, Stress response, Snares Islands, New Zealand
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2.2.1. Introduction

The Snares Islands are considered to be one of the few terrestrial ecosystems left on this
planet that are little changed by human activity (Miskelly et al. 2001). Other islands in
the New Zealand subantarctic were extensively used by whalers, sealers and even early
settlers in the 19th century, and consequently these islands are affected by a variety of
introduced animals and plants today. Although the Snares are situated at just over 200 km
south of the New Zealand mainland, historically they had little contact with humans. All
islands of the Snares group are bordered by steep cliffs except some eastern parts where
landing is possible during favourable conditions. Therefore, visits to the Snares were brief
and the occasional effort bolster supplies with fresh penguin meat likely had only a minor
impact on the endemic penguin population. The fashion trade in penguin skins during the
1880s was short lived, and although some birds were taken at the Snares, the majority were
harvested from the Antipodes Islands. The Snares were never inhabited by humans, with
the exception of a gang of four sealers who were stranded there for 1-8 years (depending
on source) before getting picked up again in 1817 by a passing vessel. Although they likely
supplemented their diet by fresh penguin meat their focus laid on seals, Arctocephalus
forsteri, and mutton birds, Sooty Shearwater, Pufﬁnus griseus (Anon. 1898).
The Snares were named by Captain Vancouver in 1791 for the threat they posed to vessels
passing on their way to Cape Horn. However, there is little information on vessels actually
lost on the Snares, and despite regular visits for over 50 years during the late 19th and early
20th century when subantarctic islands were checked for castaways, human traces were
never found on the Snares. These visits were usually of short duration and likely of minor
impact on the resident seabird populations. An ancient adze of pre-European design found

1

From: “A trip to the Snares and Auckland Islands”, North Otago Times, Volume XXXIV, Issue 7044, 20 May
1890, Page 4: “[…] penguins rushed in hundreds up the steep, rocky face on which they had established
their rockery. The boys were anxious to begin the business of the voyage by catching a supply of penguins,
and all sorts of ways picking up penguins were tried, with very limited success. Somehow the birds insisted
in stretching their pliable necks and seizing the nearest part of the boy with their beaks. In the long run, the
army of penguins, with many digniﬁed protests, retreated in comparatively good order into the scrub; but by
manfully sticking to their point the boys averaged about a penguin each.”
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at the Snares provides evidence of early Maori presence (Peat 2003). Maori continued to
use the Snares (Tini Heke) occasionally for mutton birding in the late 19th century (Anon.
1898). Due to difﬁcult landing and consequent overall little human visitation the Snares
islands group is today the only forested group of islands in the Southern Ocean without
introduced mammals of any kind (World Heritage Area nomination1997).
The Snares Islands are the only breeding location of the endemic Snares penguin, Eudyptes
robustus (Oliver 1953), with an estimated 28,800 breeding pairs (Amey et al. 2001).
Despite their close proximity to the New Zealand mainland, Snares penguins have received
little scientiﬁc attention. Only a handful of scientiﬁc publications mention the Snares
penguin (Reischek 1889; Oliver 1953; Stonehouse 1971; Warham 1974, 1975; Miskelly
1984; Lamey 1990; Marchant & Higgens 1990; Profﬁtt & McLean 1991; Miskelly et al.
2001; Massaro & Davis 2004, 2005; Mattern et al. 2005). Their unique history makes the
Snares penguin a species that is relatively naïve to humans, a rare situation in a world
where human impacts on wildlife are a growing concern even in remote places (e.g. Burger
2002; Buckley 2004; Davenport & Davenport 2006).
Ecotourism is today one of the great hopes for nature conservation. Access to wildlife
areas is thought to increase their public value, and hence pressure to conserve them
(e.g. Sekercioglu, 2002; Gill 2007; Lu et al., 2007; Powell & Ham 2008). However,
previous experiences with humans can make some populations or species less suitable for

2

From: “Cruise of the Brig Amherst – return from Auckland Islands - no trace of the mate or crew of the
General Grant”, Grey River Argus, Volume V, Issue 350, 11 April 1868, Page 3: “At noon on the 28th, when
as yet the brig was eight miles distant from the ‘Snares’, the wind headed us, so a boat was lowered, into
which I stepped, and we pulled away for the N.E. side of the Island, where is a small gulch or cove, the
only boat harbour on it, I believe. Thousands of mutton-birds, nellies, penguins, etc. heralded our approach,
and to some extent prepared us for what we saw on landing. Once on shore our party was divided, and we
commenced our search. I and two others made for the west side, where we climbed a high bluff, some 500
feet high, commanding a good view of the whole island. Our progress was painfully slow, the entire surface
being literally honeycombed with mutton-bird holes into which the foot sank deeply at every step, the
inmates thereof betokening their dissatisfaction at our presence by giving vent to a half-choked querulous cry.
The penguins (ludicrous birds), in hundreds, drawn up in rank and ﬁle, stood to oppose us on our march, and
it required not a little vigorous kicking to force our way through them. We ﬁred the grass on the open, and
made a considerable smoke, but during our stay of four hours we had no evidence whatever that any one was
or had been living on the island, and feeling satisﬁed that had there been any castaways present we must have
seen them, or traces of them, we returned to our boat. The other party joined us with a like report.”
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ecotourism ventures than others. More than 11,000 years of hunting pressure, for example,
appears to have selected Humboldt penguins, Spheniscus humboldti, to respond extremely
timid when facing humans (Ellenberg et al. 2006 and references therein). Thus, site- and
species-speciﬁc differences need to be considered when managing visitor access, as human
disturbance has the potential to increase susceptibility to diseases, reduce fertility, lower
breeding success, survival and recruitment (e.g. Siegel 1980; Hockey and Hallinan 1981;
Schedlowski & Tewes 1992; Hockin et al. 1992; Hunt 1992; Woehler et al. 1994; Keller
1995; Giese 1996; Carney & Sydeman 1999; Müllner et al. 2004; Ellenberg et al. 2006,
2007). Subtle disturbance effects may accumulate, potentially leading to population level
consequences (Seddon & Ellenberg 2008). Early recognition of possible disturbance effects
is a key for anticipatory management decisions; hence, we need to increase our general
understanding of human disturbance effects on wildlife and develop objective measures
that can be used to evaluate associated impacts.
A project on the foraging ecology of Snares penguins (Mattern et al. 2005; Mattern
2006) offered the opportunity to study the effects of human disturbance on a species
that historically had little contact with humans, and may thus be used as a baseline for
natural responses of penguins to human proximity. We analysed behavioural and heart
rate (HR) responses of Snares penguins to a range of stimuli naturally occurring in their
breeding areas and to experimental human disturbance. The suitability of behavioural and
HR responses to evaluate single disturbance stimuli was examined. Responses of naïve
birds breeding at the site chosen for the foraging ecology study were compared to those
of birds which were subject to minimal disturbance during our study, but which had been
previously exposed to intrusive research and ﬁlming activities. We aimed to understand
how certain experiences with humans may alter subsequent stress response to human
proximity and relate the responses of Snares penguins to those of other penguin species
thus far studied. A range of factors potentially affecting individual and species-speciﬁc
stress-coping styles is analysed and discussed.
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2.2.2. Methods

Study site and species
The Snares Islands are situated at about 100 km south-west of Stewart Island (48ºS, 166ºE;
Fig. 2.2.1) and offer a total land area of 341 ha. They were declared a Reserve in 1961, and
reclassiﬁed as Nature Reserve under the Reserves Act 1977, the highest level of protection
in New Zealand. Since 1998 all ﬁve island groups of subantarctic New Zealand have been
listed as World Heritage Area by the United Nations in recognition of their biodiversity,
natural habitats and “threatened species of outstanding universal value” for science and
conservation. Tourist landings are not permitted on the Snares and landing for scientiﬁc or
ﬁlming purposes is strictly regulated. The Snares can be considered one of the last truly
pristine areas in New Zealand (World Heritage Area nomination1997).
We studied Snares penguins on North-East Island, the largest island of the Snares group
(Fig. 1), during 9th of October – 16th of November 2003. During the late incubation stage
and chick hatching we monitored a total of 154 nests in the second-largest Snares penguin
colony (A3, ca.1200 breeding pairs; Amey et al. 2001). The nests were monitored with
binoculars daily for 2-6 hours from outside the colony by a single observer who recorded
nest status and sex of attending adult at each nest. Sexual dimorphism is marked in Snares
penguins in that males have heavier bills and are signiﬁcantly larger than females (Warham
1974). We established three sub plots (compare Fig. 1), each containing about 50 nests.
One plot was set aside as control, and we performed disturbance experiments at the two
remaining plots.
The Naïve-plot was repeatedly entered during a simultaneous foraging ecology study to
capture and handle birds (n = 22) breeding adjacent to the naïve conspeciﬁcs selected for
disturbance experiments (Mattern 2006; see Fig. 1). The Prevex-plot (where penguins
had “previous experience” with humans) was left undisturbed during this study and
was entered for disturbance experiments only; however, birds had been exposed to
considerable human intervention during the previous season. Fourteen nests were included
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in disturbance experiments, 8 in the Naïve-plot and 6 in the Prevex-plot, resulting in data
from 19 individual birds (9 males and 10 females).
The Prevex-plot is the most accessible part of the colony (compare Fig. 1). The main
track leading to study areas in the northern and western parts of the island passes at close
proximity and within sight of the colony, a situation that may have favoured unrecorded
recreational visits in the past. In the season prior to our study (2002-03) two ﬁlm crews
(BBC, UK and NHK, Japan) visited the island, the latter of which speciﬁcally arrived to
produce a Snares penguin documentary and viewing of available footage revealed ﬁlming
activity in the Prevex part of the colony. Additionally, due to ease of accessibility this
plot had been used that season (2002-03) for a study on egg size differences and hatching
asynchrony (Massaro & Davis 2004, 2005). This study involved eggs being taken out of
50 Prevex-plot nests and to the colony’s edge for measurement of egg surface temperature,
egg-size and mass. At the onset of that study both partners were present at the nest (ﬁrst
incubation shift, Warham 1974), hence, all birds in the study plot experienced temporary
egg loss due to human interference. Subsequently an observer was present (9 Oct – 13
Nov, 4-5 hrs per day) who entered the colony on a daily basis for further research related
activities.

Heart rate telemetry & disturbance experiments

Heart rate (HR) of incubating penguins was recorded using an egg-shaped dummy (ED)
with internal microphone (Panasonic MCE-201) and pre-ampliﬁer (Conrad Electronic
191566-62). The ED was added to a one-egg clutch after natural loss of the other egg so
as to avoid compromising reproductive success. Snares penguins are considered obligate
brood reducers (Davis and Renner 2003) and natural loss of one egg during incubation is
common. We choose experimental nests well spaced of each other at distance of 1-9m from
the colony’s edge. This distance was similar at both plots (on average 4m; t17.6 = 0.393, p
= 0.699).
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We deployed the ED when only one partner was present and recorded distance of nest
from the colony’s edge and sex of the attending bird. None of the birds attending a nest
ﬂed during human approach. After ED deployment we observed the bird from a hide
situated a few meters into the forest from the edge of the colony. The ED was accepted by
all birds and in no case were real eggs expelled. The HR signal was recorded via 100 m
acoustic cable (0.75 mm²) to MiniDisc (Sharp MD-MT88). Simultaneously, we observed
natural behaviours such as nest maintenance or preening, natural stimuli (e.g. approaching
conspeciﬁcs, gulls) and disturbance experiment details. In all cases we were interested in
timing of HR response, maximum HR increase and time needed for recovery. If we were
able to record several natural events of one type for the same bird then means for that
individual were used.
Experiments were performed the day after the ED was placed into the nest and without
previous human activity nearby. The disturbance experiment involved one person
approaching the attending penguin directly to 2 m of the nest including a one-minute
motionless stop before retreating out of sight. We used a time-stamp for different parts
of the experiment: ﬁrst when leaving the hide, second when entering the colony, third
when arriving at 2m distance from the focal nest, etcetera. The experiment was performed
silently by a single person (UE) dressed in inconspicuous dark blue clothing moving in
a calm steady manner (i.e. slow and even steps < 1/s; no quick movements). During the
experiment we also recorded the bird’s behavioural responses to human approach such
as being alert (extended neck), uplifted position, or wing-shivering. Crested penguins
may shiver their ﬂippers in small amplitude, just like an insect warming up its muscles in
preparation for ﬂight; this is thought to be a sign of nervousness (Warham 1963, 1974).
An extended neck is a typical sign for higher vigilance in many species which can be
easily observed and scored; hence, it is often used to quantify behavioural responses
during disturbance events (e.g. Holmes et al. 2006). The extended neck probably allows a
better look on the intruder and may precede nervous or aggressive behaviours. Assuming
an uplifted position provides an even better look to assess a potential threat, however,
at the same time the clutch is not properly incubated which may affect breeding success
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(compare e.g. Giese 1996). If more than one experiment was performed in the same plot
during one day, the time between experiments was at least one hour. Researcher activity
in the Naïve-plot involving logger deployment/retrieval always happened in the afternoon
after HR experiments had been completed for the day.
Sound data were analyzed with custom written software in Matlab 6.5 (Mathworks,
Natick, MA, USA). Resting heart rate (RHR) was found to be 110 ± 20 beats per minute
(bpm) and no less than 80bpm. To allow the HR analysis to be directly comparable to that
for Humboldt (Ellenberg et al. 2006) and Yellow-eyed penguins (Megadyptes antipodes,
Ellenberg et al. 2009) we used a window of 12 seconds (containing a minimum of 16
heart beats) to calculate each heart rate reading. Following Neebe and Hüppop (1994)
we deﬁned baseline as the mean RHR during a period of at least 30s of undisturbed
incubation immediately before the experiment or natural stimulus; two standard deviations
from mean RHR were considered a tolerance band. When the HR left the tolerance band
spontaneously it counted as excitation. Maximum HR increase considered data from 12s
around peak HR response. The excitation ended when the HR was maintained for at least
30s within the previously deﬁned tolerance band. Recovery time was initially deﬁned as
the time from when the person simulating a disturbance event turned back to retreat out
of sight to the end of excitation (Ellenberg et al. 2006; Ellenberg et al. 2009). However, in
several individuals the HR returned to RHR levels even while the experimenter was at 2m
of the nest. To avoid negative recovery times we thus redeﬁned recovery time from when
the experimenter had reached the nest to the end of excitation. Accordingly, the recovery
times determined in previous studies was adjusted for inter-species comparison. Recovery
time was independent of RHR (linear Regression, F1, 14 = 0.195,
p = 0.67, r² = 0.015), maximum HR increase (F1, 11 = 1.374, p = 0.273, r² = 0.119), and
average HR increase (F1, 10 = 0.472, p = 0.509, r² = 0.050), hence, we analysed HR
measures separately. As RHR may vary depending on nest microclimate and other factors
we compared levels of excitation using the relative HR increase (%RHR).
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Statistical analysis

Binary Logistic Regression (using Wald test) was employed to test the potential effect of
ED deployment times on hatching success or whether HR response to a human entering
the colony depended on distance of nest site from the colony’s edge. Linear Regression
was used to examine potential effects of date and time of day on HR responses. We
compared two independent means using a two-tailed t-test. Homogeneity of variances was
controlled using Levene’s test. We square-root (sqrt) or log-transformed recovery time
data if assumptions of normality were not met. One-Way Analysis of Variance (ANOVA)
was used to compare HR responses among species or to a range of stimuli. We employed
General linear modelling (GLM) to test for the effects of various factors potentially
affecting individual HR responses. Following signiﬁcant GLM or ANOVA results, we
considered Tukey-Kramer honestly signiﬁcant difference as our criterion for signiﬁcance
(Zar 1999). The nonparametric Mann-Whitney-U test was used to compare behavioural
responses between the two study plots. We considered differences signiﬁcant if p < 0.05
and report values as mean ± SD, unless indicated otherwise.

2.2.3. Results

Effects of research
Median hatching dates of experimental nests (30.10.2003; range 27.10 – 12.11.) were
similar to those of control nests (median 2.11.2003; range 29.10 – 12.11.). Hatching
success of experimental nests (n = 14) was 0.86 chicks per pair and not signiﬁcantly
different from than that of one-egg clutches (n = 14) in the control plot (0.64 chicks per
pair; t23.8 = 1.30, p = 0.205). ED deployment time (average 3.4 days, range 1-9) was
independent of hatching success (Binary logistic regression, Z = 0.18, p = 0.676). We
assume short and consistent human disturbance and short-term ED deployment to one-egg
clutches after natural egg loss had no negative effect on the productivity of study birds.

76

2.2. Snares penguins
Disturbance experiments

Experiments were performed only during ﬁne weather spells and alternating in both
subplots, hence, timing was comparable (date: t29 = 0.07, p = 0.945; time of day: t29 =
-0.24, p = 0.816). Date or time of day the experiment was performed did not inﬂuence the
HR response of the focal bird, irrespective of whether plots were analysed in combination
or separately (linear regression, factor date: maximum HR increase (%RHR): F1, 13 = 0.29;
p = 0.600, r² = 0.024; average HR increase (%RHR): F1, 12 = 0.19; p = 0.668, r² = 0.017;
recovery time (s) F1, 13 = 0.02; p = 0.898, r² = 0.001; factor time of day: F1, 13 = 0.79; p
= 0.392, r² = 0.062; average HR increase (%RHR): F1, 12 = 0.07; p = 0.801, r² = 0.006;
recovery time (s) F1, 13 = 0.02; p = 0.901, r² = 0.001).
The distance of the focal nest from the colony’s edge had no effect on HR response (linear
regression, maximum HR increase (%RHR): F1, 13 = 0.223; p = 0.644; r² = 0.017; average
HR increase (%RHR): F1, 12 = 0.00; p = 0.998, r² = 0.000; recovery time: F1, 13 = 0.103, p
= 0.753, r² = 0.008). The likelihood of a HR response when the person entered the colony
tended to be higher when the nest was situated closer to the colony’s edge (binary logistic
regression: Z = 3.207, p = 0.073).
Table 1 gives an overview of HR responses to experimental disturbance. Whereas females
had signiﬁcantly higher RHR than males, HR responses to human disturbance were similar
in both sexes in all parameters measured, including the likelihood of response to a person
entering the colony. This was true no matter if plots were analysed together or separately.
However, penguins breeding in the contemporaneously less disturbed Prevex-plot showed
higher maximum HR increase and needed longer to recover than Naïve birds (Table 1, Fig.
2). In comparison, four Naïve birds recovered even while the person was at 2 m distance
from nest and showed no signiﬁcant response when the experimenter retreated.
Human approach never provoked an attack by a focal bird; however, some birds adopted
a slightly raised position or showed wing-shivering. Such behavioural responses were
observed equally in both sexes. Wing-shivering tended to be associated with a stronger
77

2. Species-speciﬁc responses to human disturbance
HR response (e.g. average recovery time of wing-shivering birds 137 ± 132 s (n = 6) versus
61 ± 156 s (n = 9); t13 = 1.58, p = 0.138). However, large variation prevented statistical
signiﬁcance as some birds had a strong HR response without showing any overt behavioural
reaction.
Half of the penguins assumed a raised position during some stage of the disturbance
experiment. This behavioural response was observed equally in both sub-plots. In contrast,
wing-shivering in response to human proximity was mostly observed in Prevex birds
(83% of cases; Mann-Whitney U = 20.5; Z19 = -2.407, p = 0.016). Similarly, few Naïve
birds (22%) showed a HR response to a person entering the colony, whereas most Prevex
birds (71%) clearly responded to this intrusion (Z19 = -1.906, p = 0.057) and some of them
responded well before the experimenter had reached the colony’s edge. Three Prevex
individuals (one female and two males) even responded to the experimenter passing along
the colony’s edge at a minimum distance of 8 or 9 m from the nest with a HR increase of up
to 173%RHR and up to 69 s recovery time. A response to human activity outside the colony
was never observed in Naïve birds.

Natural excitation versus human disturbance

We found no difference in HR response to preening or nest maintenance (HRmax (%RHR):
t16 = 0.21, p = 0.833; recovery time: t16 = 0.27, p = 0.794) and thus combined these
two stimuli to maintenance behaviour for further analysis. We pooled encounters with
conspeciﬁcs into responses to either slender-walking penguins, which pass quickly through
a mob of resident penguins by bowing their head and holding their ﬂippers forward to avoid
attack (compare Warham 1963 and 1974) or to “bullies”, i.e. non-submissive conspeciﬁcs,
slowly passing or approaching the nest. Intra-speciﬁc aggression is a common phenomenon
in crested penguins that potentially can cause breeding failure (Williams 1990, p.39 and 61).
We named such aggressive birds “bullies” a term that is widespread in the psychological
literature (Mattern et al. 2004). Additionally we included into the analysis the stimulus of
Red-billed gulls (Larus novaehollandiae) prospecting in proximity to a focal nest.
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Responses to natural stimuli were unaffected by plot or sex. The HR responses to a
penguin bully slowly passing or approaching the nest were similar between plots (GLM,
HR increase (%RHR): F1, 15 = 0.17; p = 0.685; recovery time (sqrt): F1, 8 = 0.11; p = 0.747)
and sexes (HR increase (%RHR): F1, 15 = 1.87; p = 0.192; recovery time (sqrt): F1, 8 =
1.23; p = 0.299). The interaction term was not signiﬁcant (HR increase (%RHR): F1, 18 =
4.05; p = 0.062; recovery time (sqrt): F1, 8 = 1.89; p = 0.206). Similarly, rapid passage by
slender-walking penguins caused comparable responses in both plots (GLM, HR increase
(%RHR): F1, 18 = 0.67; p = 0.424; recovery time (sqrt): F1, 17 = 0.72; p = 0.409) and sexes
(HR increase (%RHR): F1, 18 = 2.14; p = 0.161; F1, 17 = 3.08; p = 0.097) with only a slight
trend to stronger responses in males. Again, the interaction term was not signiﬁcant (HR
increase (%RHR): F1, 18 = 0.50; p = 0.491; recovery time (sqrt): F1, 17 = 0.12; p = 0.735).
Natural stimuli generally provoked little HR increase (114 ± 12%RHR) usually followed
by a quick recovery (20 ± 47s). In comparison, human disturbance resulted in signiﬁcantly
higher HR increase with Prevex birds responding even more strongly and thus being
in a different category than Naïve birds (Fig. 2 a; HR increase (%RHR): F5, 73 = 31.59;
p < 0.001). Recovery times were longest following the human disturbance experiment
in Prevex birds, whereas human disturbance of Naïve birds caused signiﬁcantly shorter
recovery times and comparable to that after proximity of Red-billed gulls and penguin
bullies (Fig. 2 b). Following natural maintenance behaviour or passing slender-walking
penguins the affected birds recovered most quickly (Fig. 2 b; recovery time (sqrt): F5, 64 =
19.32; p < 0.001).
Our study colony was situated in the forest and away from Brown skuas (Catharacta
skua) that nested in more open areas along the coast. Hence, skuas visited the colony
only occasionally, however, we were able to record two HR responses to skuas. One
landed 20 m away from the focal nest towards the centre of the colony and caused a HR
response similar to that measured in response to a Red-billed gull in close proximity. The
other instance was a skua ﬂying low (1.5 m) over the focal penguin and landing only a
few meters away. This caused one of the strongest HR responses to any natural stimulus
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measured. The bird joined into vocal harassing and showed a HR increase similar to that
measured for a human approach of Naïve birds followed by a recovery time of more than 3
min (Fig. 2).
Comparing disturbance stimuli by conspeciﬁcs in more detail (Fig. 3) slender-walking
penguins passing the focal nest swiftly at more than half a meter’s distance, hence out of
reach of the attending bird caused the lowest HR response. A slender-walking bird passing
swiftly within pecking distance produced a slightly stronger HR response. A slow pass of a
prospecting bully resulted in greater HR response, and the direct approach of a bully (either
unknown bird or neighbour) caused the strongest response in this comparison (Fig. 3, HR
increase (%RHR): F3, 37 = 5.06; p = 0.005; recovery time (sqrt): F3, 29 = 5.28; p = 0.005).
Incubating penguins tended to ignore Fernbirds (Bowdleria punctata) which forage
for small insects between the nests. In only two instances we observed a HR response
(130%RHR) associated with a peck directed at a Fernbird that came too close. On both
occasions this occurred during the recovery phase after a human disturbance experiment.
We were able to record HR of four victims during attacks by conspeciﬁcs. These attacks
caused extreme HR responses: The highest HR increase (149%RHR) was measured
in a female actively defending her nest. In comparison, a more passive female showed
brachycardia when being attacked. The longest recovery time caused by conspeciﬁc
intrusion was 280 s and thus within range of the recovery time observed in Prevex birds
after experimental human disturbance.

Species-speciﬁc disturbance responses

When comparing HR responses of Naïve and Prevex Snares penguins with those of the
timid Humboldt penguin to the same disturbance experiment (Ellenberg et al. 2006) HR
increase was signiﬁcantly different between groups (ANOVA, HR increase (%RHR): F2, 28
= 5.95, p = 0.007) with HR increase of Prevex birds being comparable to that of Humboldt
penguins, whereas Naïve birds responded less strongly to human approach (Fig. 4). The
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recovery times were also signiﬁcantly different, however, each group belonged into a
clearly different subset (Fig. 4; ANOVA (log) recovery times: F2, 30 = 34.99, p < 0.001).
Overall, Humboldt penguins needed considerably longer to recover from human approach
than Snares penguins (Fig. 4).

Discussion

We measured responses of Snares penguins to a range of stimuli naturally occurring
at their breeding sites and to experimental human disturbance. Despite differences in
resting heart rate (RHR) both sexes showed similar behavioural and heart rate (HR)
responses to disturbance. Similarly, Green et al. (2001) found female Macaroni penguins,
Eudyptes chrysolophus, to have signiﬁcantly higher RHR than males and suggest that
sexual dimorphism may be involved in creating this difference. Yellow-eyed penguins,
in comparison, have less dimorphic sexes than crested penguins and show no difference
in RHR between males and females (Ellenberg et al. 2009). Physiological differences
between sexes are best documented in humans. Resting heart rates are typically higher in
females (e.g. Bazett 1920) and this is thought to be related to physiology, morphology, size
and the endocrine system (Cooke 2004 and references therein).
Natural stimuli usually caused little HR increase and were followed by rapid recovery.
Although human activity outside the colony did not cause an excitation in most birds,
once the colony was entered the penguins responded strongly to human presence. The
experimental human approach to two meters of the nest caused a signiﬁcantly greater
HR increase than most natural stimuli and more time was needed to recover from this
disturbance event. Interestingly, penguins breeding in the contemporaneously less
disturbed part of the colony (Prevex-plot, that season entered for disturbance experiments
only) showed an even higher HR increase and needed longer to recover than birds from
the part of the colony (Naïve-plot) that was repeatedly entered in the course of a foraging
ecology study (Mattern 2006).
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Suitability of behavioural responses as measure of stress in Snares penguins

Behavioural responses have been recently criticised as unreliable predictor of actual
human disturbance impact (Gill et al., 2001; Fernández-Juricic et al., 2005; Tarlow and
Blumstein, 2007). As penguins may show little behavioural response to human presence
at their breeding sites, physiological measures can provide a more accurate and objective
evaluation tool (Seddon & Ellenberg 2008, Ellenberg et al. in review). For example, HR
measurement of incubating Royal penguins Eudyptes schlegeli revealed the current 5m
minimum approach guideline for visitors should be extended to 30m to exclude potential
cumulative effects of subtle responses to human disturbance (Holmes et al. 2005).
However, where physiological measures are difﬁcult to obtain, individual behaviour
may provide important initial and readily available information about human disturbance
effects.
For Snares penguins, wing-shivering is thought to be a sign for nervousness (Warham
1974). We observed wing-shivering in undisturbed birds during inclement weather,
presumably for thermoregulatory purposes. However, in sunny conditions wing-shivering
was observed only in birds directly adjacent to a human intruder (ceasing once the person
had retreated out of sight), which qualiﬁes this behaviour also as stress related. Wingshivering as a behavioural response to human proximity was observed signiﬁcantly
more often in Prevex birds, whereas Naïve birds rarely showed this behaviour, hence,
behavioural observations alone indicate a difference between these two study plots.
However, some individuals showed a strong HR response without any overt behavioural
reaction. In a study of short-term stress responses of domestic fowl, Duncan & Filshie
(1980) found docile birds showing HR responses similar to those of ﬂighty birds, although
their behavioural response was different. Hence, wing-shivering may depend on individual
stress management rather than on actual stress experienced. Behavioural responses
although helpful as initial indicator of disturbance effects have to be treated with caution.
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Heart rate response as an objective evaluation tool

The potential threat associated with a disturbance stimulus was reﬂected in the intensity
of the HR response. For example, conspeciﬁcs caused the least response when slenderwalking swiftly past the nest at more than half a meter distance. A slender-walking penguin
within pecking distance, slowly passing non-submissive conspeciﬁcs and direct approaches
of aggressive birds (“bullies”) caused increasingly stronger HR responses. The comparably
high variation of recovery times after the proximity of a bully (without attack) could be
related to factors such as approach speed or if the bully was a neighbour or an unknown
bird. However, our sample size was insufﬁcient to allow evaluation of all factors plausibly
affecting disturbance responses to conspeciﬁcs.
The behavioural and associated HR response to a foraging Fernbird was observed only
twice during the recovery time after experimental human disturbance and thus could be
interpreted as displacement activity. Red-billed gulls are opportunistic foragers often
feeding on spilled food or chick carcasses between the nests, however, they can snatch
a penguin chick from a nest if the opportunity arises. Hence, gull movement through the
colony was monitored by breeding penguins but usually caused little disturbance response.
In comparison, a Brown skua, a signiﬁcant natural predator, ﬂying low and landing in
close proximity to the focal nest caused one of the strongest responses of Snares penguins
to a natural stimulus. The provoked HR increase was comparable to that of Naïve birds
to disturbance experiments and the recovery time needed following skua proximity was
slightly longer than even that after human approach of Naïve birds. The longest recovery
times following natural excitation were observed after conspeciﬁc aggression (successive
beatings of two defensive females), these were similar to the recovery times of Prevex
birds after experimental human approach to 2m distance of the nest.

83

2. Species-speciﬁc responses to human disturbance
Differences between study plots reﬂect distinct disturbance regimes in recent history

Birds from the contemporaneously less disturbed Prevex-plot appear to see an approaching
human as more threatening than did their Naïve conspeciﬁcs, although the latter had
observed neighbours being captured and handled for logger deployment. Whereas none of
the Naïve birds responded to human activity outside the colony, three of the Prevex birds
showed a signiﬁcant HR response to a person walking past the colony at 8-9 m distance
from the focal nest. Additionally, Prevex birds were more likely to show wing-shivering in
response to human proximity and many showed a signiﬁcant HR increase already when the
person entered the colony. Such responses were rarely observed in Naïve birds.
What could explain these differences in stress response between plots?
The Naïve-plot receives considerably more penguin trafﬁc as it is situated closer to the
main penguin access path (compare Fig. 1). This could have caused birds breeding in such
a stressful environment to be more stress tolerant. However, if this was true, we would
have expected Naïve birds to respond less to conspeciﬁcs than did the Prevex birds, but
HR responses passing slender-walking or prospecting penguins were similar in both study
plots.
Age is thought to affect stress responses (e.g. Steidl & Anthony 1996; Creel et al. 2002),
however, dead tree remnants in the Prevex-plot indicate this part of the colony had been
established several years ago and, hence, is unlikely to have been occupied only by ﬁrsttime breeders (Warham 1974).
An alternative explanation could be that Naïve birds habituated to humans entering the
colony. Penguins may habituate to repeated short and consistent human presence over
a short period of time (5-10 days, Walker et al. 2006, Ellenberg et al. 2009). However,
habituation would require a strict disturbance protocol and seems unlikely to have been
achieved by the unpredictable capture of neighbouring breeders. Also, the disturbance
experiments started the same day as the foraging ecology study, and HR responses of
Naïve birds were independent of experiment date. Clearly, from the very beginning Naïve84
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plot penguins showed a lower HR response to human disturbance than did birds in the
contemporaneously less disturbed Prevex-plot.
The most plausible explanation for the observed differences in response to human
proximity between plots, in our opinion, is that Prevex birds had been sensitised by
encounters with humans during invasive research and ﬁlming activities the previous
season.
Warham (1974) observed only minor shifts (less than 2 m) in nest position over six
successive breeding seasons and states that established breeders tend to return to their
previous nest sites. Although Snares penguins are currently not individually marked it is
reasonable to assume that most Prevex birds included in disturbance experiments were part
of the hatching asynchrony study (Massaro & Davis 2004, 2005) during the previous year.
Even a one-off experience can provoke long lasting changes, for example exposing a
ﬁsh, the European minnow, Phoxinus phoxinus, brieﬂy to a model pike at the age of
two months heightened the response to predators 24 months later (Magurran 1990).
Stressful human-mediated experience during the ﬁrst week after hatching sensitised Rock
partridges, Alectoris graeca, and resulted in stimulus-speciﬁc avoidance behaviour that
was maintained in adult birds (Zaccaroni et al. 2007). Similarly, naïve New Zealand robins,
Petroica australis, learned to recognise an introduced predator after one-event learning
(Maloney & McLean 1995). Such antipredator training is often provided to enhance post
release survival during translocation projects (van Heezik et al. 1999; Grifﬁn et al. 2000).
Learning through observation of conspeciﬁcs is effective for the transmission of
antipredator behaviour in social animals (e.g. Vilhunen et al. 2006; Shier & Owings 2007);
however, this appears less important for penguins. Despite the high nesting density in
breeding colonies the observed fate of neighbours being captured and handled for logger
deployment seem to have not affected subsequent stress response of naïve conspeciﬁcs. It
appears that previous individual experiences of humans had more lasting effects on how
an approaching person was perceived. Given the evidence it appears likely that previous
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negative experiences with humans, during recreational visits, ﬁlming activities or scientiﬁc
study, caused Prevex-plot penguins to view humans as a more eminent threat, resulting in a
relatively stronger response to human proximity.

Inter-species differences – a result of disturbance history?

Direct comparison between species is not as straight forward as it seems. Stress responses
may vary with type of disturbance (e.g. number or behaviour of humans) and the evidence
suggests that there are considerable differences in stress responses between individuals
and populations depending on a range of factors that we are just beginning to appreciate
(Seddon & Ellenberg 2008). Fortunately, most of the HR responses published for different
penguin species have been obtained during incubation; hence, controlling for breeding
stage, one of the many factors affecting differential stress responses. However, there is
generally little information about sex, character, condition, or the previous experience with
humans of the focal individuals or the study population. Previously published data tend to
focus only on a few individuals in a certain location, and results obtained may not reﬂect
responses of the same species in a different setting. The following attempt to compare
species-speciﬁc stress responses should therefore be treated with caution until more
detailed data become available.
Direct approach by a single human caused heart rate acceleration in Adélie (Pygoscelis
adeliae; Culik et al., 1990; Wilson et al., 1991, Giese 1999), Gentoo (Pygoscelis papua,
Nimon et al., 1995), Magellanic (Spheniscus magellanicus; Ecks, 1996), African
(Spheniscus demersus; Marienne de Villiers personal communication), and Royal penguins
(Holmes et al. 2005). Maximum heart rate measured during human approach to 2-3 m
was 132 bpm for Gentoo and Magellanic penguins and 140 bpm for Adélie penguins or
in percent of previously measured resting heart rate: 182%RHR for Magellanic, 157% for
Gentoo and 184% for Adélie penguins. In comparison, Yellow-eyed penguins showed a
maximum HR increase of 176 bpm or 238%RHR during experimental human approach to
2m of the nest (Ellenberg et al. 2009; Ellenberg et al. in review), and Humboldt penguins
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were the most timid penguin species studied thus far. Without any overt behavioural
reaction they showed almost twice the HR increase than what had been measured in most
other penguins: maximum recorded HR was 258 bpm (287%RHR) during 2m direct
approach (Ellenberg et al. 2006); a HR increase that is usually provoked only by running
(245 bpm; Butler & Woakes 1984) which is a highly energy consuming behaviour for
penguins.
In terms of HR increase, Snares penguins clearly fall into two groups: Naïve-plot penguins
(maximum 161 bpm, 199%RHR) show similarities with Adélie, Gentoo and Magellanic
penguins studied, whereas Prevex birds show a HR increase (maximum 243 bpm,
219%RHR) that compares more closely with the stronger response observed in Humboldt
and Yellow-eyed penguins. This is conﬁrmed when statistically comparing HR responses
of Humboldt and Snares penguins to the same disturbance experiment. In terms of HR
increase Prevex birds belong to the same subset as Humboldt penguins, whereas the
Naïve birds show a signiﬁcantly lower HR increase and are clearly in a separate group by
themselves.
However, despite similar initial stress response to human approach (HR increase)
between Humboldt penguins and those Snares penguins breeding in the Prevex-plot,
Humboldt penguins are considerably more vulnerable to human disturbance. Whereas
Humboldt penguins respond to human activity at distances of 150 m from the nest site
(Ellenberg et al. 2006), Snares penguins rarely respond to any human activity outside
their immediate colony. To correctly interpret HR results one has to bear in mind that for
disturbance experiments we could only work with those individuals that did not readily
abandon their nests, i.e. the less timid part of the population. Whereas no single Snares
penguin abandoned its nest during human approach, in Yellow-eyed penguins there are
some individuals that would abandon eggs or chicks when being carefully approached
by a human (ca. 5% of the population breeding in the Boulder Beach complex, Otago
Peninsula, however, Yellow-eyed penguins breeding on Codﬁsh Island appear more timid).
In comparison, Humboldt penguin populations have considerably more ﬂighty individuals
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some of which may permanently abandon their nest even after a single human visit
(Ellenberg et al. 2006).
Unfortunately, we have no raw HR data for Adélie, Gentoo, or Magellanic penguins, and
neither have recovery times after disturbance experiments been published for these species.
The time a bird needs until the HR returns to pre-disturbance levels can be used to estimate
the relative energy expenditure associated with a disturbance stimulus (Ellenberg et al.
in review) and hence provides a more reliable comparison of stress responses between
species.
Snares penguins, even Prevex birds, with recovery times of less than 5 minutes are little
affected when compared to Humboldt and Yellow-eyed penguins which may need up to
half an hour to recover from a similar experimental human approach (Ellenberg et al. 2006,
2009). Statistically, Naïve and Prevex Snares penguins and Humboldt penguins show each
signiﬁcantly different recovery times with Naïve birds recovering rapidly from human
approach whereas Humboldt penguins need by far the longest to recover.
The exceptionally quick recovery of Snares penguins after human disturbance may be
explained by two factors. Firstly, dense colonial breeding environment of Snares penguins
(neighbouring nests just out of pecking distance) with frequent stimulation by conspeciﬁc
activity may favour quick recovery after a stressful experience and avoid problems
associated with chronic stress. This would explain why some birds recovered from human
approach even while the person was standing at only 2m from the nest, and showed no
signiﬁcant response to the experimenter turning to retreat. Similarly, incubating Royal
penguins needed 3min to recover after human approach (Holmes et al. 2005) and Adélie
and African penguins recovered as soon as the person retreated out of sight (Melissa Giese,
Marienne de Villiers personal communication, respectively). All three species were studied
in dense colony situations. In comparison, the solitary breeding Yellow-eyed penguin
(Darby & Seddon 1990) needed considerably longer to recover from even careful human
approach (Ellenberg et al. 2009; Ellenberg et al. in review).
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Secondly, due to small size and remote location of the Snares Islands resident penguins
have had historically little contact with humans. Whereas Humboldt penguins have been
hunted by coastal communities since more than 11,000 years (e.g. DeFrance et al. 2001;
Simeone & Navarro 2002) and hence are likely selected to see an approaching human as
a serious predator (Ellenberg et al. 2006) the few human contacts Snares penguins were
exposed to in the past unlikely posed an evolutionary selective factor.
Breeding biology (conspeciﬁc disturbance history) and previous experience of humans
(contemporary or evolutionary) appear to be important factors affecting species- and
population-speciﬁc responses to human proximity.

Conclusion

Measuring HR responses provided an objective tool to evaluate single disturbance stimuli,
whereas behavioural responses was a less reliable indicator of stress experienced, and thus
should be interpreted with caution. Compared to other penguin species, Snares penguins
are relatively unaffected by human proximity. This may be attributed to their dense
breeding colonies, as well as to their relative isolation from historic human activity. The
differences in HR response observed between the two experimental study plots suggest that
previous individual experiences of humans may have lasting effects on stimulus-speciﬁc
stress responses. Hence, any human activity in and around penguin colonies should be
carefully considered.
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10.1 ± 6.4 (7)
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HRmax (bpm)
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-0.90

121 ± 23 (9)

97 ± 14 (9)
-2.67

t

0.859

0.744
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-3.56

-1.27

0.002

0.015

0.018

0.004

0.224

t

Table 2.2.1. Heart rate responses of Snares penguins to experimental human disturbance given in mean ± SD (n). Responses depending
on sex or study plot are listed separately. Results of two tailed t-tests for the factors sex and plot are presented for each HR measure. Bold
letters indicate statistical signiﬁcance.
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Figure 2.2.1. Geographic position and overview of the Snares islands group, including a more
detailed view of the study location on North East Island with human tracks, rivers and Snares
penguin colonies as well as a close up of the study colony A3.
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Figure 2.2.2. Snares penguin heart rate (HR) responses to natural stimuli and experimental human
disturbance (a) HR increase and (b) recovery times. Natural stimuli include maintenance behaviour
(“maint”), passing slender-walking penguins (“p-sw”), slowly passing or approaching conspeciﬁc
bullies that did not provoke a ﬁght (“p-bul”), and Red-billed gulls foraging on the ground in
proximity of the focal nest (“gull”), as well as a low over-ﬂight of a skua. Responses to human
disturbance experiments are depicted separately for T-plot (where the foraging ecology study took
place) and U-plot (supposedly undisturbed) birds. Letters indicate groups that are signiﬁcantly
different from each other (post-hoc Tukey). Error bars represent standard error of the mean, for
each group sample size is given in brackets.
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Figure 2.2.3. Snares penguin heart rate responses reﬂect potential threat associated with
fellow penguin encounters: slender-walking penguin passing at more than 0.5m distance
from the nest (sw >0.5m); slender-walking penguin passing at within pecking distance (sw
<0.5m); slow pass of upright and inquisitive conspeciﬁcs (slow pass); direct approach of a
neighbour or unknown penguin which did not result in a ﬁght. Letters indicate groups that
are signiﬁcantly different from each other (post-hoc Tukey). Error bars represent standard
error of the mean, for each group sample size is given in brackets.
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Figure 2.2.4. Snares penguin heart rate responses to experimental human disturbance
observed in the T- and U-plot compared to the response of Humboldt penguins to the same
disturbance experiment. Letters indicate groups that are signiﬁcantly different from each
other (post-hoc Tukey). Error bars represent standard error of the mean, for each group
sample size is given in brackets.
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SECTION 3

Inter-site and inter-individual diﬀerences
in stress-coping styles

“szöön waarm...”

CHAPTER 3.1

Elevated hormonal stress response and
reduced reproductive output in Yelloweyed penguins exposed to unregulated
tourism

This chapter has been published in General and Comparative Endocrinology as:
Ellenberg, U., Setiawan, A.N., Cree, A., Houston, D.M., Seddon, P.J., 2007. Elevated hormonal
stress response and reduced reproductive output in Yellow-eyed penguins exposed to
unregulated tourism. General and Comparative Endocrinology 152, 54-63.
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3.1. Elevated hormonal stress response and reduced
reproductive output in Yellow-eyed penguins exposed to
unregulated tourism

Abstract

The endangered, endemic Yellow-eyed penguin, Megadyptes antipodes, is one of the
ﬂagship species for New Zealand’s wildlife tourism, and recently concern has been raised
that tourism-related pressures may be becoming too great. We compared two neighbouring
breeding areas exposed to different levels of human disturbance. Penguins at the site
exposed to unregulated tourism showed signiﬁcantly lower breeding success and ﬂedging
weights than those in an area visited infrequently for monitoring purposes only. High
parental baseline corticosterone concentrations correlated with lower ﬂedgling weights
at both sites. Stress-induced corticosterone concentrations were signiﬁcantly higher at
the tourist-exposed site, suggesting birds have been sensitized by frequent disturbance.
Consequences are likely to include reduced juvenile survival and recruitment to the
tourist site, while the changed hormonal stress responses may ultimately have an effect
on adult ﬁtness and survival. For maintenance of attractive Yellow-eyed penguin-viewing
destinations we recommend that tourists stay out of breeding areas and disturbance at
penguin landing beaches is reduced.

Key words: stress; corticosterone; breeding success; ﬂedging weights; Megadyptes
antipodes; human disturbance; tourism
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3.1.1. Introduction

Traditionally, adverse effects of human disturbance on wildlife are identiﬁed via changes
in gross parameters such as reproductive success, recruitment and survival (Nimon and
Stonehouse, 1995; Nisbet, 2000). However, population parameters may not be affected
immediately in response to human disturbance, and long-term physiological consequences
of human activities may not manifest until much later (Wingﬁeld et al., 1995; Romero and
Wikelski, 2002). The measurement of “stress hormones” (glucocorticoid steroid hormones,
in birds corticosterone) enables rapid assessment of environmental stress and therefore has
become an important tool in conservation physiology (see Wikelski and Cooke, 2006).
Short-term stress responses are considered beneﬁcial in helping individuals to cope
successfully with adverse conditions and thus enhance short-term survival (Sapolsky et
al., 2000; Wingﬁeld and Romero, 2001). However, prolonged exposure to stress causing
chronically elevated glucocorticoid concentrations can be physiologically damaging to
individuals resulting in higher susceptibility to disease, reduced fertility and lower life
expectancy (e.g. Siegel, 1980; Wingﬁeld, 1985; Schedlowski & Tewes, 1992; Wingﬁeld et
al., 1997; Sapolsky et al., 2000) which potentially can lead to population decline (e.g. Lee
& McDonald, 1985).
Human activity is associated with signiﬁcantly increased baseline glucocorticoid levels
in many free-living species (e.g. Wasser et al., 1997; Norris et al., 1997; Homan et al.,
2003), and recent studies found elevated corticosterone concentrations are inversely
correlated with survival probabilities (e.g. Romero and Wikelski, 2001, 2002). Even the
mere fact of being watched can increase hormonal stress response and reduce survival of
affected animals, as has been observed in Hoatzin chicks, Opisthocomus hoazin, exposed
to ecotourism (Müllner et al., 2004). However, well-managed tourism may allow animals
to habituate to regular and standardised human behaviour, resulting in reduced hormonal
stress response, as recorded for Galápagos marine iguanas, Amblyrhynchus cristatus
(Romero and Wikelski, 2002) and Magellanic penguins, Spheniscus magellanicus (Fowler,
1999; Walker et al., 2006) compared to naïve conspeciﬁcs.
105

3. Intra-speciﬁc diﬀerences in stress coping styles
Tourism is New Zealand’s largest earner of foreign exchange (Ministry of Tourism, 2005),
with over two million international visitors arriving annually to join residents in search
of recreational opportunities in natural areas (Cessford & Thompson, 2002). The Yelloweyed penguin (Megadyptes antipodes) which is endemic to New Zealand and classiﬁed
as endangered (EN B2b(iii)c(iv); IUCN 2005), is one of the key species for wildlife
tourism. Since the early 1990s numbers of visitors have increased by more than an order
of magnitude and recently concern has been expressed by a number of people and agencies
that the tourism-related pressures may be becoming too great (Seddon et al., 2003). The
most important mainland breeding areas for Yellow-eyed penguins are situated along
the Otago Peninsula. Dunedin, the gateway to the Otago Peninsula, promotes itself as
“New Zealand’s Wildlife Capital”, and provides opportunities for guided tours as well as
information about where local wildlife can be viewed free of charge.
This study compares two neighbouring Yellow-eyed penguin breeding sites along the
Otago Peninsula which are exposed to contrasting levels of human visitation. At Sandﬂy
Bay visitor access is encouraged via signs, car park, access paths and penguin viewing
hides, whereas Green Island can be visited only by special entry permit for monitoring
purposes. We aimed to determine whether there is an association between visitor numbers
and breeding parameters, baseline corticosterone concentration and hormonal stress
response.

3.1.2. Methods

Study site
During the austral summer breeding season 2005-06 we compared two Yellow-eyed
penguin breeding sites in Otago, South Island, New Zealand managed by the Department
of Conservation which aims to concentrate tourism at some sites and leave others relatively
undisturbed. At Sandﬂy Bay (45°53S 170°38’E) on the Otago Peninsula visitor numbers
have increased dramatically over the last decade (Seddon et al., 2003). During the austral
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summer 2005-06 Sandﬂy Bay received up to 3,800 visitors per month, with between
90 and 150 tourists per day during the chick rearing period (November – February;
Department of Conservation, unpublished data). Due to lack of information, regulating
signs and personnel, visitors frequently pursue penguins as they return ashore, and enter
breeding areas. As the permit for access to a neighbouring mainland control site was
withdrawn on short notice, we chose as control Green Island (45°57’S 170°23’E), 21 km
away from Sandﬂy Bay, which gets visited, weather-permitting, with special entry permit a
maximum of once per month for monitoring purposes. At Sandﬂy Bay terrestrial predators
are controlled for via a tight trapping regime, while Green Island is thought to be free of
terrestrial predators. Green Island is situated just 2 km from shore in similar marine shelf
habitat to that of Sandﬂy Bay.

Study species

Unlike other penguin species and seabirds in general which usually nest in colonies,
Yellow-eyed penguins are considered as solitary breeders. They nest under dense
vegetation mostly obscured from the open and visually isolated from each other (Darby
and Seddon, 1990). Adult Yellow-eyed penguins are present at their general breeding
area all year round. After courtship and nest site selection in late August and September
two eggs are laid in September – October and incubated by both parents; chicks hatch
synchronously in November and shared parental duties continue during the guard
(November – December) and post guard phases until ﬂedging (late January – March;
Darby and Seddon, 1990; personal observations). First-year mortality is high with only
about 26% of juveniles surviving to breeding age (2-3 years, Richdale 1957). Yellow-eyed
penguins are known to be wary of humans and will try to avoid the conspicuous observer
except when tending eggs or chicks at the nest (Richdale, 1951; personal observations). On
open landing beaches penguins may react to visitors at distances of 100 m and more.
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Monitoring

In both areas we searched for nests intensively during beginning of October and
determined nest positions via GPS (±10 m accuracy). Aerial photos of breeding sites were
geo-referenced and using the GIS software ArcView 3.3 (ESRI, Redlands, CA, USA)
we measured coastline and available penguin habitat (Table 3.1.1). Established nests
were monitored monthly from October until February to record breeding success. We
considered a nest predated if eggs disappeared and could not be found in the proximity,
if chicks of more than a week of age disappeared without leaving a trace or were found
dead in the vicinity with characteristic bite marks. However, the 2005-06 breeding season
was overall a year with good breeding success and very low predation rates. To check if
blood sampling had an effect on breeding performance we sampled at a subset of nests at
Green Island while others were set aside for monitoring only. Chicks were handled twice:
ﬁrst during the guard stage at about 2-3 weeks of age when we took blood samples from
attending adults, and second in late January to obtain ﬂedging weights. During handling we
checked general health status and weighed chicks with a spring balance (2 kg – nearest 20
g, 5 kg – nearest 50 g, 10 kg – nearest 100 g). In young chicks we measured skull length to
estimate hatching date, as chicks of up to 35 days of age show a strong linear relationship
of age with skull length (van Heezik, 1988; Ursula Ellenberg, unpublished data). Chick
weights generally do not ﬂuctuate during the last month before ﬂedging (Van Heezik 1988;
McClung et al. 2004), and ﬂedging weights of Green Island chicks were taken only four
days prior to those at Sandﬂy Bay. Moulting status of ﬂedglings was classiﬁed into ﬁve
categories (1 – clear of down, 2 – down only on head, 3 – head and tufts on back, 4 – front
clear, 5 – full of down, moult starting on ﬂipper tips and tail).

Blood sampling

During the guard stage of the 2005/06 breeding season a total of 16 adult Yellow-eyed
penguins were captured at their nest sites and blood sampled. At Sandﬂy Bay, the site
exposed to unregulated tourism, we sampled during 29 and 30 November nine adults at
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all of the nine nests that still remained by that time. On 17 December we sampled seven
birds at our control site Green Island. None of the sampled birds had any previous handling
experience other than banding which usually happened at ﬂedging.
A total maximum of 3 ml blood per bird was collected from the brachial vein using preheparinized syringes and sterilized needles. To obtain haematocrit values, which provide
information about health status and nutritional condition of an animal (e.g. Coles, 1997),
a fraction of the second blood sample was transferred soon after sampling to a preheparinized capillary and stored on ice to be later centrifuged at 11,800 rpm for 8 min. The
remaining blood samples were stored on ice for up to six hours before being centrifuged
at 3000 rpm for 5 min to gain the blood plasma which was then stored at -20° C for later
analysis.
All sampling took place between 1000–1600 h on sunny days with moderate wind, to
minimise heat loss of chicks as well as to control for possible diurnal ﬂuctuations of
plasma corticosterone concentrations, effect of weather conditions, and to have attending
penguins with sufﬁcient blood ﬂow in their wings for quick sampling.
We followed the typical capture-stress protocol which is commonly used in ﬁeld studies
(e.g. Wingﬁeld et al., 1997; Romero and Wikelski, 2002; Walker et al., 2006). Two
successive samples were taken per bird: The ﬁrst sample to obtain baseline corticosterone
levels, and test for an indication of chronic stress; the second after 15 min of capture and
restraint, to measure the hormonal response to the standardized stressor of capture and
handling.
In the absence of any data regarding the longer term HPA patterns in Yellow-eyed penguins
we chose the 15 min interval to minimise the time the guarding adult would be separated
from its highly dependent chicks to not compromise reproductive success. We are aware,
however, that after 15 min a plateau in corticosterone secretion probably would not yet
have been reached. Ideally, a future study under different circumstances will analyse the
maximum corticosterone values that can be expected in Yellow-eyed penguins, when these
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are reached and for how long they are maintained.
One of four simple behavioural categories (aggressive, normal, frozen, and ﬂighty) was
assigned to each bird on the basis of individual behaviour during approach and capture.
Following deﬁnitions for behavioural categories were used: aggressive – bird warned well
before we reached the nest, on occasion even came charging towards us; normal – bird
was vigilant but did not react with pecks or ﬂipper beats before being touched; frozen –
bird observed us but did not show any behavioural reaction to being picked up from the
nest; ﬂighty – bird abandoned the nest at ﬁrst sight and ﬂed. Initial blood samples were
taken within 4 min from ﬁrst sight, and all but four samples were taken within less than
3 min. After we collected the ﬁrst blood sample, we weighed the penguins with a spring
balance (nearest 100 g) and measured head and foot lengths with a measuring board for
sex identiﬁcation (Setiawan et al., 2004). Body condition was determined based on the
residuals of a regression between an index of body size (head x foot length) and mass.
Birds with positive residuals were in relatively better condition for their size than birds
with negative residuals. Subsequently the bird was placed in nearby shade restricted by
a cotton weighing bag for about 10 min while we checked, measured and weighed the
chick(s). At 15 min after ﬁrst sight, the second blood sample was taken before the bird was
released back at its nest site.

Corticosterone analysis

Corticosterone was measured by enzyme immunoassay using OCTEIA Corticosterone HS
(high sensitivity) kits [Immunodiagnostic Systems IDS Ltd., Boldon, Tyne & Wear, UK].
The assay was validated by parallelism of a high corticosterone concentration Yellow-eyed
penguin plasma sample with the standard curve when serially diluted. All samples were run
in duplicate, with individual replicates having on average a CV (Coefﬁcient of Variation)
of 3.1% (32 samples). As our samples were not distributed randomly across the plate but
rather in close proximity to each other and as we have only 2 replicates per sample we give
also variability data provided by the manufacturer: intra-assay variation 7%CV, inter-assay
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variation 8.2%CV. Initially, all samples were run in one assay. However, the second sample
usually contained more than 15 ng/ml corticosterone which is the recommended maximum
concentration for accurate results when using this assay; therefore, all second samples
were diluted by 50% with the provided calibrator diluent and run again. As six (3 Sandﬂy
Bay and 3 Green Island) of the 16 baseline samples were found to have concentrations
below the assay’s sensitivity of 0.17 ng/ml we substituted measured values with the given
minimum detectable corticosterone concentration.

Statistical analysis

Differences in stress response between the two sites were analysed using repeatedmeasures analysis of variance (ANOVA) with the factors of time, location and sex.
We used ANOVA for multiple comparisons when determining differences of baseline
corticosterone levels associated with birds behaving differently during capture. General
linear modelling (GLM) with skull length as the covariate was employed for comparing
condition of chicks less than a month of age between locations. Homogeneity of variances
was tested using Levene’s test. After conﬁrming equal variances, a two tailed t-test was
used to compare independent means. In one case we had to use a separate variances
t-test. When t-test assumptions were violated the nonparametric Mann Whitney U test
was employed. Pearson’s correlation coefﬁcient was used to test for correlations between
hormone concentrations and breeding parameters. We considered differences signiﬁcant if
p < 0.05 and report values as mean ± SD, if not indicated otherwise.

3.1.3. Results

Corticosterone concentrations
In ﬁeld studies it is generally assumed that samples should be taken within 3 min of capture
or ﬁrst sight to reﬂect baseline or pre-stress glucocorticoid concentrations; however,
few studies have actually tested when glucocorticoid concentrations begin to increase in
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free-living animals (e.g. Wingﬁeld et al., 1982; Dawson and Howe, 1983; Sockman and
Schwabl, 2001). Although sampling within 3 min often reﬂects baseline corticosterone
levels, it appears that velocity of stress response is highly dependent on species and
season (Romero and Reed, 2005). Magellanic penguins Spheniscus magellanicus show no
detectable increase in circulating corticosterone until ca. 2.5 min from ﬁrst sight (Fowler,
1999). We thus grouped our samples into three time categories: a) < 2.5 min, n = 6; b)
2.5-3 min, n = 6; and c) 3-4 min, n = 4 from ﬁrst sight until the needle was withdrawn and
tested for differences in corticosterone concentrations. We found no differences between
the three groups (F2, 15 = 0.808, p = 0.467) and there was no trend of a linear relationship
of corticosterone concentrations over time (r² = 0.001, F1, 15 = 0.009, p = 0.925, Fig. 3.1.1).
Therefore, results of all initial samples were used for statistical analysis.
Baseline corticosterone levels were overall low (0.51 ± 0.58 ng/ml) and similar at both
sites (t14 = 1.040, p = 0.316, Fig. 3.1.2). Capture and restraint provoked a highly signiﬁcant
rise in corticosterone concentration over time (F1, 12 = 177.783, p < 0.0001) with Sandﬂy
Bay birds reacting signiﬁcantly stronger (19.9 ± 3.9 ng/ml) than Green Island birds (14.7
± 5.5 ng/ml; F1, 12 = 7.251, p = 0.021). Sex had no signiﬁcant effect on the model (F1,
12

= 3.796, p = 0.075), and although there was a trend for females having on average

lower and less variable baseline corticosterone levels (t14 = -1.908, p = 0.077) both sexes
showed a similar hormonal stress response (t14 = 0.677, p = 0.509). The interaction term
(time*location*sex) was not signiﬁcant (F1, 12 = 0.443, p = 0.518).
We found a strong linear relationship between adult body size index and weight (r² =
0.711, F1, 15 = 34.386, p < 0.0001); thus all penguins sampled were of comparable condition
and birds with slightly lower than average condition (negative residuals) did not differ in
baseline levels or stress response from birds which were in better-than average condition
(positive residuals; F1, 14 < 0.001, p = 0.984). Body size and weight were similar at both
locations (t14 = 1.129, p = 0.278; t14 = 0.965, p = 0.351, respectively). Haematocrit values
were on average 51.2% ± 3.3% and comparable at both sites (t11 = 1.508, p = 0.160).
Hormonal stress response was independent of chick skull length, and thus of chick age at
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both locations, considering only the larger chick per nest (Green Island: r² = 0.228, F1, 6 =
1.480, p = 0.278; Sandﬂy Bay: r² = -0.121, F1, 6 = 0.351, p = 0.580).
Adults attending two chicks showed a trend for higher baseline corticosterone
levels (1.09 ± 0.72) than birds guarding single chicks (0.26 ± 0.25; t4.5 = -2.485, p = 0.060)
while their hormonal stress response was similar (t4.9 = -0.550, p = 0.607). High baseline
corticosterone levels in parents were found to correlate with lower ﬂedgling weights
in both areas (Green Island: r = -0.828, p = 0.042; Sandﬂy Bay: r = -0.906, p = 0.034,
Fig. 3.1.3). This correlation did not yet show in chicks that were less than a month old
(Green Island: r = 0.355, p = 0.349; Sandﬂy Bay: r = -0.233, p = 0.547).
Behaviour during capture was unaffected by location, sex or body condition. Our simple
behavioural categories reﬂect differences in baseline corticosterone levels with “frozen”
birds having signiﬁcantly lower initial levels (0.18 ± 0.02 ng/ml; n = 6) than “aggressive”
birds (0.78 ± 0.54 ng/ml; F2, 12 = 4.618, p = 0.038; n = 3), while birds acting “normal”
showed intermediate baseline corticosterone concentrations (0.36 ± 0.25; n = 6). The
only “ﬂighty” bird, an extremely ﬂighty individual at Sandﬂy Bay, had a low baseline
corticosterone level (0.19 ng/ml). The hormonal stress response did not differ between
behavioural categories (F2, 12 = 1.026, p = 0.393). Breeding success was not signiﬁcantly
related to behaviour (H2, 13 = 3.333, p = 0.189).

Breeding success

Breeding success was signiﬁcantly reduced at tourist-exposed Sandﬂy Bay (0.75 chicks
ﬂedged per pair) compared to undisturbed Green Island (1.39 chicks ﬂedged per pair; t33
= -2.457, p = 0.019, Table 3.1.1). Breeding failure was mainly due to abandonment of
eggs and chicks. In no case could nest failure be attributed to predation. We encountered
abandoned eggs several months later during subsequent checks and in all but two cases we
found the carcasses of dead chicks in the nest bowl. However, our low-impact monitoring
scheme (nest-checks only once per month) did not always allow detailed determination of
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nest fate. Breeding performance of Green Island birds did not differ signiﬁcantly between
nests where we took blood samples and those which were set aside for monitoring only
(t21 = -0.502, p = 0.621).

Chick weights

As estimated from skull measurements during ﬁrst-time handling, chicks were on average
10 days older on Green Island at the time of sampling, which was to be expected due to the
date of our arrival on the island. However, when comparing chick weights corrected for
skull length, there was no difference between locations in chicks less than a month of age
(F1, 17 = 2.243, p = 0.155).
Fledging weights of siblings were not signiﬁcantly correlated (Pearson correlation r =
0.324, n = 14, p = 0.275); on the contrary, considering Green Island two-chick nests only,
chick weights differed signiﬁcantly between heavier and lighter siblings (paired t-test, t10
= -6.708, p < 0.0001). However, to avoid pseudoreplication each nest was treated as one
unit. Mean ﬂedgling weights differed signiﬁcantly between locations with Green Island
ﬂedglings being on average 408 g heavier than ﬂedglings at Sandﬂy Bay (t21 = 2.630, p =
0.016, Table 1), or when only considering chicks which had almost ﬁnished their moult
(status 1 and 2) Green Island ﬂedglings were on average 500 g heavier than those at
Sandﬂy Bay (t13 = 2.696, p = 0.018).
On Green Island single chicks (n = 8; 5486 ± 318 g) were on average 230 g heavier than
chicks from two-chick nests (n = 12; 5257 ± 302 g) but not signiﬁcantly so (Mann Whitney
U, z = -1.182, p = 0.237); however, at Sandﬂy Bay chicks from double broods (n = 3;
4783 ± 101 g) weighed signiﬁcantly less (on average 390 g) than single chicks (n = 3; 5175
± 35 g, Mann Whitney U, z = -2, p = 0.046).
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3.1.4. Discussion

Despite equally low baseline corticosterone concentrations at both breeding locations
we found a stronger stress response at tourist-exposed Sandﬂy Bay as indicated by the
signiﬁcantly higher corticosterone levels after 15 min of capture and restraint. This is
accompanied by signiﬁcantly reduced breeding success and lower ﬂedgling weights
compared to undisturbed Green Island.

Baseline corticosterone levels

The low baseline corticosterone levels measured in Yellow-eyed penguins during this
study may allow some optimism: penguins sampled at both study sites were apparently
not affected by any severe environmental stressors like food shortage or pollution, factors
which are known to cause increased baseline corticosterone levels in many species (e.g.
Fowler et al., 1995; Wingﬁeld et al., 1997; McQueen et al., 1999; Romero & Wikelski
2002). As we found no difference in baseline corticosterone levels between the two
breeding sites, current tourism practices appear not to cause chronically elevated stress
hormone levels in penguins at Sandﬂy Bay. However, our sample is naturally biased
towards individuals who were still attending nests in late November and thus perhaps those
best able to cope with stress. Hence, the similarity in baseline corticosterone levels we
found might be artiﬁcial as it is possible that birds which never established or had already
abandoned their nests might have had higher baseline levels.
Chronically stressed birds are likely to show suppressed reproductive behaviour and
reduced fertility (Wingﬁeld et al., 1997); e.g. low-level oil contamination of Magellanic
penguins caused lower sex steroid levels, and pairs with one slightly oiled partner were
less likely to establish nesting territories or lay eggs (Fowler et al., 1995). The low nest
numbers in relation to available penguin habitat observed at the disturbed site might
suggest that stress-prone birds may have abandoned breeding attempts or have already left
the area.
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Although different species can have very disparate baseline corticosterone concentrations
for reasons that are not presently known (Romero, 2004), we would have expected baseline
levels of Yellow-eyed penguins to be in the same order of magnitude as found in other
penguin species. However, baseline levels encountered in this study are 5-15 fold lower
than those reported for Magellanic (Fowler, 1999), Gentoo, Pygoscelis papua, King,
Aptenodytes patagonicus (Holberton et al., 1996), and Adélie penguins, Pygoscelis adeliae
(McQueen et al. 1999).
Weather and overall environmental conditions can have a profound effect on baseline
corticosterone levels (e.g. Smith et al., 1994, Romero and Wikelski, 2002 and references
therein). In several penguin species extended fasts during the breeding season caused
increased baseline corticosterone levels to mobilize protein reserves via gluconeogenesis
(Cherel et al., 1988; Holberton et al., 1996; Hood et al. 1998). However, as Yellow-eyed
penguins are inshore foragers that live under very favourable oceanic conditions they do
not undergo such fasting periods (Davis & Renner, 2003). Unlike other penguin species
they are solitary breeders (Darby and Seddon, 1990) thus social stress after successful nest
establishment should be minimal. Interplay of all factors mentioned above might explain
the extremely low corticosterone levels encountered.
Baseline corticosterone levels reﬂect behavioural categories (irrespective of sex or
location) in that aggressive birds have signiﬁcantly higher baseline concentrations than
their calmer conspeciﬁcs. Thus, even relatively small differences in overall low baseline
concentrations appear to be of biological relevance. This ﬁnding supports the existence of
individual “personalities” or “coping styles” within the same species which is reﬂected not
only in behavioural responses but also in physiological characteristics of the organism (e.g.
Koolhaas et al., 1999). Studies often distinguish between two types of coping styles: the
(pro-)active response which is characterised by territorial control and aggression, and the
passive (reactive) response leading to immobility and low levels of aggression. Research
on the causal relationship between neuroendocrine and behavioural characteristics
usually reports a lower hormonal stress response (measured via the HPA axis reactivity)
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in aggressive animals (e.g. Korte et al. 1997; Carere et al., 2003) which is sometimes
associated with quicker recovery (Veenema et al., 2003), while baseline glucocorticoid
levels are a less consistent predictor of coping style across species. Interestingly, the
differences we found between behavioural categories in respect to baseline levels were
not reﬂected in corticosterone concentrations after 15 min of capture and restraint. The
existence of different “penguin personalities”, which is so far only reported anecdotally, is
an exciting new ﬁeld which calls for more detailed research.

Hormonal stress response

Corticosterone levels in response to capture and restraint fall well into the range reported
for other penguin species (Holberton et al., 1996; Hood et al., 1998; Fowler, 1999; Walker
et al., 2006). However, in contrast to studies on Magellanic penguins (Fowler, 1999;
Walker et al., 2006) and Galápagos marine iguanas (Romero and Wikelski, 2002) exposed
to well-managed tourism ventures, Yellow-eyed penguins did not show any signs of
habituation. On the contrary, penguins breeding at Sandﬂy Bay had a signiﬁcantly higher
stress response than those on undisturbed Green Island. Thus, Yellow-eyed penguins
exposed to unregulated tourism appear to exhibit a higher sensitivity of their HPA axis.
However, longer-term HPA patterns of penguins in general and Yellow-eyed penguins
in particular are currently unknown and require further analysis. Adult condition and
environmental parameters were similar at both sites, and hormonal stress response was
independent of chick age, therefore distinct hormonal stress responses are conceivably
caused by differences in human disturbance.
The sensitivity of the HPA axis is known to be modulated based upon previous exposure
to stressful stimuli (Smith et al., 1994; Sapolsky et al., 2000). Acute stressors enhance
memory formation and retrieval (McEwan and Sapolsky, 1995), which can be vital when
having to react to a known stressor, by aiding to recall behaviours that worked previously
and how to avoid this stressor in the future (Sapolsky et al., 2000). Although Yellow-eyed
penguins (having been historically hunted by humans) should generally perceive humans
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as potential predators, the observed “over-reaction” of birds exposed to tourism suggests
penguins at Sandﬂy Bay have learned to see humans as more eminent risk factors than
their comparably naïve conspeciﬁcs on Green Island. Similarly, juvenile Hoatzin from
tourist-exposed nests demonstrated a higher sensitivity of their HPA axis, suggesting they
experience human approaches as more stressful than juveniles from previously undisturbed
areas and thus have been sensitised by frequent visits (Müllner et al., 2004).
Higher maximum corticosterone values are usually associated with longer maintenance
of these increased values and slower recovery (García et al., 2000; Müllner et al., 2004),
which may be related with higher energetic costs. Repeated stress in rats increased body
temperature and decreased body weight gain despite a higher food intake (Bhatnagar et
al., 2006). Although Yellow-eyed penguins breeding at the tourist-exposed site do not
currently show chronically elevated baseline corticosterone levels – a ﬁnding that might
be artiﬁcial as stated above – stress responses to repeated human proximity are likely
to accumulate, and could ﬁnally result in negative consequences for health, fertility and
survival. However, in the absence of data on longer-term HPA axis response in penguins
and associated consequences the discussed concerns remain speculation.
There is mounting evidence that stressful events via elevated corticosterone levels may
redirect an individual’s behaviour towards survival rather than reproduction (Wingﬁeld et
al. 1997), and consequently increase the likelihood of nest abandonment. Particularly longlived species (e.g. 5-10 or even more potential breeding seasons) should retain sensitivity
to acute stress and modulate their breeding efforts accordingly (Wingﬁeld et al., 1995).
This would be an adequate strategy for irregular stressful events, like predation attempts,
severe weather conditions and food shortage. However, increasing pressure from tourism
creates an evolutionary dilemma as Sandﬂy Bay birds regularly face “predation attempts”
by enthusiastic but uninformed and poorly managed tourists. Nest abandonment is the
ultimate consequence, particularly at breeding sites that are more accessible for humans.
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Breeding success and ﬂedgling weights

At Sandﬂy Bay breeding success was signiﬁcantly reduced with only about half the
number of chicks ﬂedged per pair (0.75) compared with undisturbed Green Island (1.39).
In no case could nest failure be attributed to predation. Abandoned eggs could be found
several months later during subsequent checks indicating that predators were no problem at
Sandﬂy Bay in the 2005/06 breeding season. When eventually opened the eggs contained
well-developed embryos with only one egg being infertile. As Yellow-eyed penguins on
the Otago Peninsula forage on average 19.9 km from their breeding sites (maximum range
27.5 km; Thomas Mattern, unpublished data) foraging grounds theoretically overlap, and
food availability would be similar for both breeding locations. Nest failure can also be a
result of death of one partner; however, Yellow-eyed penguin adult survival is generally
high (0.85 for males and 0.81 for females; Setiawan, unpublished data), and proximity of
study sites suggests that adult mortality due to at-sea predation or any incidental by-catch
can assumed to be similar. All failed nests in Sandﬂy Bay were easily accessible to visitors.
During a parallel study of beach behaviour and landing patterns in Yellow-eyed penguins
we regularly observed tourists visiting some nest sites, and we repeatedly encountered
fresh human footprints when checking failed nests.
Breeding performance of Green Island birds did not differ signiﬁcantly between nests
where one partner was handled and nests which remained untouched, suggesting that
frequency of visitation, rather than type of intrusion, may be the critical factor inﬂuencing
breeding success as proposed by Giese (1996) for Adélie penguins.
In addition to reduced breeding success, Sandﬂy Bay ﬂedglings were signiﬁcantly lighter
than those at undisturbed Green Island. Survival probability is positively related to ﬂedging
weight (McClung et al., 2004). Signiﬁcantly lower ﬂedging weights of chicks raised at
tourist-exposed Sandﬂy Bay will result in reduced survival and recruitment probabilities,
and thus may have long-term population consequences, even if breeding success appears
unaffected. Yellow-eyed penguins exhibit high natal philopatry with 81% of birds returning
to their place of hatching or a nearby area to breed (Richdale, 1957). Therefore, it is
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unlikely that reduced recruitment at tourist sites could be easily compensated by recruit
inﬂux from neighbouring less disturbed, and thus more successful breeding areas.
Human disturbance causes retarded chick growth in marsh harriers (Circus aeruginosus) as
consequence of reduced feeding rates (Fernández and Azkona, 1993). In Adélie penguins,
food quantity, quality and timing of delivery are the most important factors determining
chick growth. A modelling study revealed that food availability is most critical during the
latter portion of chick development, when increased growth and respiration rates demand
high energy intake (Salihoglu et al., 2001). Such a relationship could explain why weights
of chicks less than a month of age were comparable between both locations, whereas
differences increase with chick age and moulting status in Yellow-eyed penguins.
Human presence on landing beaches delays return of feeding parents (Wright, 1998)
possibly resulting in smaller and more infrequent feeds for chicks, which may be
particularly costly during the latter part of chick development. Additionally, higher
stress-related energy expenditure of adults breeding at tourist sites could result in greater
adult energy demands leaving less food for the chicks. This is supported by signiﬁcantly
lower ﬂedging weights of double-brood chicks compared with singletons at the disturbed
site; a very unusual observation for Yellow-eyed penguins, which are known to adjust
their parental effort according to brood size (Edge et al., 1999) and do not usually show
differences in ﬂedging weights of one and two-chick broods, even if growth rates differ
initially in years of extreme food limitation (van Heezik and Davis, 1990; Edge et al.,
1999). The observed difference at the disturbed site suggests that parents have difﬁculties
supplying enough food in time.
The higher effort involved in raising two chicks appears to be reﬂected in an increased
baseline corticosterone level of the attending parent during guard stage. However, at this
stage we do not yet ﬁnd a correlation between chick weight and baseline corticosterone
level. The correlation becomes signiﬁcant for ﬂedglings: Parents with low baseline levels
were able to raise chicks to higher ﬂedging weights.
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Non-aggressive and cautious animals waste less energy during “stressful” encounters
(Korte et al., 2005, and references therein), which might be particularly important at a
site which is frequently disturbed. Thus it appears reasonable to assume “frozen” birds
would be able to transfer more food to their chicks. As coping styles are thought to have
been shaped by evolution as response pattern to everyday challenges in the natural habitat
(Koolhaas et al., 1999) it is an intriguing thought that tourism in the long run may act as
an evolutionary force. However, given our low sample size and as we sampled only one
adult per nest further investigation of the relationship between behavioural, hormonal and
breeding parameters is required.
Comparably low ﬂedging weights at tourist-exposed Sandﬂy Bay were previously reported
for the 2001-02 breeding season (McClung et al. 2003). Now, four years later, Sandﬂy Bay
penguins not only produced signiﬁcantly lighter ﬂedglings than at all three neighbouring
less disturbed sites, but also had a signiﬁcantly reduced breeding success and ﬂedged only
about half the number of chicks per pair than most breeding areas in the proximity (range
1.31 – 1.53; Ursula Ellenberg, unpublished data).

Why did Yellow-eyed penguins not habituate to human presence?

Although one could have expected penguins which continue to breed at increasingly
popular tourist sites such as Sandﬂy Bay to have become habituated to human presence
- the opposite is the case, penguins at Sandﬂy Bay appear to be sensitised by human
visitation and show a signiﬁcantly increased hormonal stress response compared to naïve
conspeciﬁcs.
Habituation can be deﬁned as a “reduced response to repeated stimulation not attributable
to fatigue or sensory adaptation” (Domjan, 2003). Decreased HPA responses have
been shown after repeated exposure to, e.g., noise (Armario et al., 1986), handling
(Dobrakovova et al., 1993), or restraint (Viau and Sawchenko, 2002, Bhatnagar et al.,
2005). However, capability and speed of habituation appear to vary between species
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(Conomy et al., 1998) and intensity of stressors. Emotional stressors (like human presence)
seem to allow for quicker adaptation of the HPA response than do physical stressors (Martí
and Armario, 1998; for review). To follow and conﬁrm a possible habituation process in
Yellow-eyed penguins repeated analysis of longer term HPA pattern or other measures
of stress response (like heart rate proﬁle) would need to accompany a change in visitor
management.
Habituation appears to require a maximum of predictable “low-level disturbance” (e.g.
Nisbet, 2000; Walker et al. 2006; Ellenberg et al., 2006). Several studies suggest that birds
can be trained to tolerate human presence by managing visitors to behave in predictable
ways. For example, educating tourists and guiding them along established walkways
has promoted tolerance in Bridled terns (Sterna anaethetus; Dunlop, 1996), Galápagos
marine iguanas (Romero and Wikelski, 2002), and Magellanic penguins (Fowler, 1999;
Walker et al. 2006). The unpredictable behaviour of many uninformed tourists at Sandﬂy
Bay, including running, shouting and chasing penguins into breeding areas, is likely to be
perceived by the birds as predation attempts. Facilitating habituation will require careful
visitor management as only a few uneducated or misbehaving tourists may completely
impede success.

Management implications

Properly managed tourism can be compatible with Yellow-eyed penguin reproduction.
Rate of food transfer and breeding success were found to be similar at a site where wellinformed visitors watch Yellow-eyed penguins at close range from hides and covered
trenches and an adjacent undisturbed breeding area (Ratz and Thompson, 1999). However,
Yellow-eyed penguins appear to be unsuitable for the current tourism practices observed at
Sandﬂy Bay.
A questionnaire of 354 tourists in 2002-03 revealed the great majority (92.4%) were
overall satisﬁed with their Sandﬂy Bay experience (Seddon et al., 2003); however, reported
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negative aspects already included the perceived lack of wildlife, crowding, and disturbance
of wildlife by (other) visitors. The strain is starting to show: lower ﬂedging weights and
reduced breeding success in Sandﬂy Bay suggest we are currently observing a transition
phase where adults continue to breed at their traditional sites. However, low recruitment
rates seem likely to reduce the breeding population in the medium to long term, while the
increased hormonal stress response observed in adults at the disturbed site might affect this
breeding population even earlier.
Lower nest numbers, and thus fewer penguin sightings, together with misbehaviour of
some visitors, could eventually lead to a spill-over of unsatisﬁed tourists from high proﬁle
tourist beaches into relatively undisturbed areas. Observations at neighbouring, less wellknown but equally accessible penguin breeding areas indicate this might already be the
case.
Current management practice, to concentrate tourism pressure by promoting some
scenically attractive penguin viewing sites while leaving others unbeknown, will fail its
intentions when tourist activities remain unregulated. Sustaining promoted focal sites
as attractive penguin viewing destination requires consequent visitor education and
management. We strongly recommend keeping tourists out of breeding areas and reducing
disturbance at penguin landing beaches. Encouraging people to behave in predictable ways
might promote habituation and could reduce negative effects.
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Table 3.1.1. Comparison of Sandﬂy Bay (unregulated tourism) and Green Island (undisturbed
control) Yellow-eyed penguin breeding sites and differences in breeding performance during the
austral summer breeding season 2005-06:

Green Island
(undisturbed)

Sandﬂy Bay
(tourism)

Reserve’s coastline (km)

0.9

1.2

Penguin habitat (ha)

1.2

15.1a

t

p

Monthly number of visitors <10

2,400 – 3,800

Nest number

23

12

Breeding successb

1.39 ± 0.66

0.75 ± 0.87

-2.457

0.019

Fledging weight (g)

5312 ± 381

4881 ± 264

-2.630

0.016

a

Sandﬂy Bay contains potentially more penguin breeding habitat but as these areas have not been
visited by penguins in recent years they were not considered:
b

Breeding success is given in numbers of chicks ﬂedged per pair.

Weight values are mean ± SD, p levels are two-tailed.
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Figure 3.1.1. Corticosterone concentrations in adult Yellow-eyed penguins
(n = 16) show no linear relationship with sampling time within the ﬁrst four
minutes (r² = 0.001, F1, 15 = 0.009, p = 0.925) and thus can be considered to
reﬂect baseline levels. Time was stopped from the moment the penguin comes
ﬁrst into sight until the needle was withdrawn.
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Figure 3.1.2. Initial and stress-induced plasma corticosterone concentrations in
adult Yellow-eyed penguins during guard stage from Sandﬂy Bay (n = 9), a site
exposed to unregulated tourism, and undisturbed Green Island (n = 7). Values
are given in mean ± SEM. Stress response was found to be signiﬁcantly different
between the two sites (F1, 12 = 7.251, p = 0.021).
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average fledgling weight (kg)

6.0

undisturbed
tourism

5.8
5.6
5.4
5.2
5.0
4.8
4.6
4.4
0.0

0.5

1.0

1.5

2.0

2.5

baseline corticosterone (ng/ml)
Figure 3.1.3. Parental baseline corticosterone concentrations correlate with average
ﬂedgling weight per nest in both breeding areas (undisturbed Green Island: r =
-0.828, p = 0.042, n = 6; tourist-exposed Sandﬂy Bay: r = -0.906, p = 0.034, n = 5).
Solid lines represent the linear regression, 95% conﬁdence intervals are depicted as
dashed lines.
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Heart rate responses provide an objective
evaluation tool for human disturbance
impact on breeding seabirds

133

3. Intra-speciﬁc diﬀerences in stress coping styles

3.2. Heart rate responses provide an objective evaluation tool
for human disturbance impact on breeding seabirds

Abstract

Although frequently measured and reported in the literature, the behavioural response of
animals to human activity is an unreliable predictor of actual human disturbance impact.
Using the endangered, endemic Yellow-eyed penguin, Megadyptes antipodes, as an
example, we show that heart rate responses provide an objective tool to evaluate human
disturbance stimuli and encourage the wider use of this handy concept. Yellow-eyed
penguins are a ﬂagship species for New Zealand’s wildlife tourism; however, unregulated
visitor access has recently been associated with reduced breeding success and lower
ﬂedgling weights. We measured heart rate responses of Yellow-eyed penguins to evaluate
a range of human disturbance stimuli regularly occurring at their breeding sites. We
found human proximity to be the most important factor, with elevated heart rate being
sustained while a person remained within sight. Human activity was another important
component; a simulated wildlife photographer, crawling slowly about during his stay
elicited a signiﬁcantly stronger heart rate response than an entirely motionless human
spending the same time at the same distance. In comparison, the single use of a camera
ﬂash did not signiﬁcantly increase the heart rate stress response already associated with
human proximity. Stimuli we subjectively might perceive as low impact such as the careful
approach of a “wildlife photographer” were more costly to birds than a routine nest-check
that involved lifting a bird up to view nest contents. Our results highlight the need for
objective quantiﬁcation of human disturbance effects in order to provide a sound basis for
guidelines to manage human activity around breeding birds.
Keywords: heart rate telemetry, energy expenditure, individual differences, stress-coping
styles, human disturbance history, ecotourism, Yellow-eyed penguins, Megadyptes
antipodes, New Zealand
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3.2.1. Introduction

Tourism is one of the biggest branches of industry today with nature-based tourism as
one of its fastest growing segments (UNWTO, 2008). New Zealand’s unique natural
environment attracts increasing numbers of visitors. Although New Zealand is promoted as
being “100% pure”, there is little control for ecological sustainability of tourism activities.
The continued growth of New Zealand’s tourism industry is celebrated nationally, however,
critics observe that this popularity threatens the very wilderness experience visitors come
to enjoy (Orams, 2007).
Iconic species such as the Yellow-eyed penguin, Megadyptes antipodes, that are rare,
endemic and endangered (EN B2b(iii)c(iv), IUCN, 2008) are key draw-cards for naturebased tourism. However, the strain is starting to show: Yellow-eyed penguins that
are exposed to unregulated visitor access had signiﬁcantly reduced breeding success
(Ellenberg et al., 2007). They also ﬂedged chicks at lower weights with associated lower
ﬁrst year survival and recruitment probabilities compared to adjacent undisturbed colonies
(McClung et al., 2004; Ellenberg et al., 2007).
As the growth of nature-based tourism is expected to continue unchecked, it is important
not only for ecological but also for economic sustainability to minimise associated human
impacts (see Seddon and Ellenberg, 2008, Chapter 1.2, for extensive review of human
disturbance effects on penguins and management implications). While we support moves
to protect key conservation areas, we believe well managed visitation of even rare and
endangered wildlife can have a positive feedback for conservation. However, appropriate
species- and site-speciﬁc management decisions require rigorous research to understand
the nature of human disturbance related impacts.
A standard approach to evaluate human disturbance stimuli is through monitoring the
behaviour of an animal before, during and after human presence, using a well-hidden
observer or camera unit. The distance at which an animal will react can be quantiﬁed
experimentally using standardised approach protocols, and ﬁndings are often used to deﬁne
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minimum approach distance guidelines, or set-back distances, to manage human visitors
(e.g. Rodgers and Smith, 1995; Giese, 1998; Carney and Sydeman, 1999; Rodgers and
Schwikert, 2002). However, behavioural responses such as ﬂight-initiation distance can
be misleading and have been recently criticised as being an unreliable predictor of actual
human disturbance impact (Gill et al., 2001; Fernández-Juricic et al., 2005; Tarlow and
Blumstein, 2007). The evidence suggests that the distance at which an animal will tolerate
human proximity varies not only with the type of disturbance (number or behaviour of
humans), but also according to species, and intra-speciﬁcally according to character,
age, condition, current behaviour, availability of alternative habitat, time of day, stage of
breeding, and previous experience with humans (Gill et al., 2001; Seddon and Ellenberg,
2008). Hence, although ethology can contribute to the better management and conservation
of species (Buchholz, 2007 ; Caro, 2007), overt behavioural reactions, or lack of them, are
a poor guide to the degree of disturbance human proximity or activity may cause.
Human disturbance can be interpreted as perceived predation risk and the risk-disturbance
hypothesis provides a valuable framework for making predictions about associated effects
(Gill and Sutherland, 2000; Frid and Dill, 2004). Similar to antipredator responses,
reaction to disturbance stimuli can affect individual ﬁtness via the energetic and lost
opportunity costs of risk avoidance (Frid and Dill, 2004). Human disturbance early in the
breeding season caused egg loss and nest abandonment but also prevented penguins from
nest-site prospecting and thus disrupted recruitment by pre-breeding birds (Hockey and
Hallinan, 1981; Woehler et al., 1994). Once established, most penguin species show little
behavioural reaction to human presence at their breeding sites (Culik and Wilson, 1991;
Nimon et al., 1995, own observations), which is often mistaken for habituation (Seddon
and Ellenberg, 2008), while in fact tending eggs or young chicks has absolute priority
under often adverse breeding conditions.
Measuring the heart rate (HR) of the affected animals is an objective and powerful tool
to evaluate single disturbance events (e.g. Culik et al., 1990; Chabot, 1991; Neebe and
Hüppop, 1994; Hüppop, 1995; de Villier et al., 2006). For example, incubating Humboldt

136

3.2. Evaluating disturbance stimuli
penguins, Spheniscus humboldti, show little change in behaviour when being approached
by a person (Ellenberg et al., 2006, Chapter 2.1); however, maximum heart rates measured
during human approach are comparable to what has been observed in the same species
while running, a highly energy consuming behaviour for penguins (Bulter and Woakes,
1984).
In recent years, HR has been used widely to estimate the energy expenditure of freeranging animals (e.g., Bevan et al., 2002; Green et al., 2005; Grémillet et al., 2005).
HR during physical exertion has shown to be linearly correlated with the rate of oxygen
consumption, and hence metabolic rate in several penguin species (e.g. Gentoo penguins,
Pygoscelis papua , Bevan et al., 1995; Macaroni penguins, Eudyptes chrysolophus, Green
et al., 2001; King penguins, Aptenodytes patagonicus, Froget et al., 2001) and Green et al.
(2005) argue convincingly this relationship can be extended and employed for all penguin
species. While we do not yet have established the actual relationship between HR during
“emotional” stimuli and associated metabolic costs, HR measured during stressful events
allows comparing the relative severity among a range of disturbing stimuli.
To evaluate a range of disturbance stimuli Yellow-eyed penguins are regularly exposed to
at their breeding sites we measured and compared the HR responses of individual birds
during natural behaviour and experimental human disturbance. We aimed to determine the
most important factors affecting how seriously a disturbing stimulus is perceived by the
birds. Any additional energetic demands on breeding birds are of concern as even subtle
costs of human disturbance can accumulate (Moberg, 2000; Teixeira et al., 2007) and
may ultimately lead to population level consequences (Seddon and Ellenberg, 2008). The
objective evaluation of human disturbance stimuli is therefore essential for effective and
anticipatory management of nature-based tourism.
We believe our approach can be applied to a wide range of species. In contrast to
behavioural observations alone, measuring heart rate of affected animals can provide an
objective and accurate tool for evaluating the impact of human disturbance on wildlife. We
hope our case study will inspire fellow researchers to employ this technique more widely.
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3.2.2. Methods

Study site and species
The most important mainland breeding sites of Yellow-eyed penguins are situated along
the Otago Peninsula. Dunedin, the gateway to the Otago Peninsula, promotes itself as
“New Zealand’s Wildlife Capital”, and provides opportunities for guided tours as well as
information about where local wildlife can be viewed free of charge. Since the early 1990s
numbers of visitors have increased by more than an order of magnitude and concern has
been expressed by a number of people and agencies that tourism-related pressures may be
becoming too great (Seddon et al., 2003).
During the austral summer breeding seasons 2005-06 we recorded the behaviour and
heart rate (HR) response of incubating Yellow-eyed penguins to a variety of natural and
experimental stimuli. We studied birds breeding at Sandﬂy Bay (-45°89’S, 170°64’E) and
the neighbouring Boulder Beach complex (-45°53’S, 170°37’E) Otago Peninsula, New
Zealand, managed by the Department of Conservation (DOC). At Sandﬂy Bay visitor
access is encouraged via signs, car park, access paths and penguin viewing hides. The
Boulder Beach breeding areas have had a low public proﬁle for much of their history, but
have been a focus for a variety of research questions. Sandﬂy Bay and the Boulder Beach
Complex on the Otago Peninsula have been monitored more or less continuously since
1981. Individuals are usually marked as ﬂedglings using metal ﬂipper bands. Unknown
adults are banded when attending a nest in the area. For all focal birds the sex was known
(either from blood tests or from measurements, Setiawan et al., 2004). We extracted
a list of previous encounters with researchers from the Yellow-eyed penguin database
(September 2007 version, currently managed by DOC). Typical interventions included
banding, ﬁxing band, taking blood samples (bled), or deploying dive data logger. We found
the factors sex, character and bled to have a signiﬁcant inﬂuence on both the initial stress
response and the habituation potential of individuals (Ellenberg et al., in press, Chapter
3.3). Hence, all three factors were considered when testing for differences in HR response
to human disturbance experiments.
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Unlike other penguin species and seabirds in general which usually nest in colonies,
Yellow-eyed penguins are considered solitary breeders. They nest under dense vegetation
mostly obscured from the open and visually isolated from each other (Darby and Seddon
1990). The breeding habitat at our study sites allowed us to work with each individual
penguin separately so that only the bird attending the focal nest could see and hear the
approaching person.
A total of 18 nests were included in the study, resulting in measurements for 34 individuals
at three locations: Double Bay (11) and Midsection (15), Boulder Beach complex, and
tourist-exposed Sandﬂy Bay (8). All experiments were performed silently by a single
person (UE) dressed in inconspicuous clothing moving in a calm steady manner (i.e.
slow and even steps < 1/s; no quick movements). Experiments included typical human
encounters experienced by nesting Yellow-eyed penguins on the Otago Peninsula, as well
as one standardised disturbance experiment (2m-stop) all study birds were exposed to.
Additionally, we were able to obtain HR measurements for 9 guard-stage birds during
logger deployment on Whenua Hou (Codﬁsh Island, -46°78’S, 177°99’E).

Heart rate telemetry and hidden cameras

We recorded heart rate (HR) of incubating penguins via an egg-shaped dummy (ED) that
was added to a two-egg clutch. The ED contained an internal omni-directional lavalier
condenser microphone (WL183, Shure, adapted by Strawberry Sounds, Dunedin, NZ,
to suit ﬁeld conditions). The HR signal was transmitted some 100 m via UHF (ULXP
series, Shure) to a mobile hide where the receiver station was situated. The HR signal
was recorded to MiniDisc (Sharp MD-MT88). Simultaneously, we observed behavioural
changes, natural stimuli (e.g. approaching partner or neighbour) and disturbance
experiment details via previously deployed generic weatherproof surveillance cameras
(4*5 cm). The video signal was received using a 100 m high quality coax TV cable.
We deployed the ED when only one partner was present. During ED deployment we used

139

3. Intra-speciﬁc diﬀerences in stress coping styles
following deﬁnitions in order to classify the personality trait or character of each bird:
ﬂighty – bird backed off nest ready to ﬂee (birds that actually abandoned the nest during
human approach were not included into disturbance experiments); frozen – bird in a frozen
state; observed the approaching person but did not show any aggressive reaction to being
touched at the chest and lifted up slightly from the nest to allow ED placement; aggressive
– bird responded with pecks or ﬂipper beats when the person reached the nest.
Following a pilot study testing ED acceptance in Yellow-eyed penguins over a 24 h period,
we reduced ED deployment time to one day (range of deployment time 4-10 h) to eliminate
any risk of compromising reproductive success. On two occasions we decided to leave the
ED in over night (31.5 and 32 h) and were able to obtain HR measures of partners that had
not experienced ED deployment. These two “naïve” individuals responded comparably
to all other birds (HR increase (%RHR, see below): t28 = 0.433, p = 0.668; recovery time:
t25 = -0.416, p = 0.681). Similarly, previous work on Humboldt penguins did not ﬁnd any
differences in HR response to experimental disturbance between essentially naïve birds
(n = 10) and their mates (n = 10) that experienced us during ED deployment (Ellenberg et
al., 2006, Chapter 2.1). We assume that adding an ED to the clutch at least one hour prior
to disturbance experiments did not alter subsequent HR response signiﬁcantly.
Sound data was analyzed with custom written software in Matlab 6.5 (Mathworks, Natick,
MA, USA). As for Humboldt penguins (Ellenberg et al., 2006), Yellow-eyed penguin
resting heart rate (RHR) was found to be as low as 50 bpm (beats per minute), thus we
used a window of 12 seconds (containing a minimum of 10 heart beats) to calculate each
heart rate reading. Following Neebe and Hüppop (1994) we deﬁned baseline as the mean
RHR during a period of at least 30 s of undisturbed incubation immediately before the
experiment or natural stimulus; two standard deviations from mean RHR were considered
a tolerance band. When the HR left the tolerance band spontaneously it counted as
excitation. Maximum HR increase considered data from 12 seconds around peak HR
response. Average HR during human proximity included 60 HR readings obtained during
the one minute stay at the nest. The excitation ended when the HR was maintained for at
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least 30 s within the previously deﬁned tolerance band. Recovery time was deﬁned as the
time from when the person simulating a disturbance event turned back to retreat out of
sight to the end of excitation. Recovery time was independent of RHR (linear Regression,
F1, 26 = 0.063, p = 0.805, r² = 0.002) and HR increase (F1, 26 = 1.767, p = 0.196, r² = 0.066),
hence, we analysed HR measures separately. As RHR may vary depending on nest
microclimate and other factors we compared levels of excitation using the relative HR
increase (%RHR).

Natural stimuli

We recorded potential natural stimuli, such as calling neighbour or returning partner
and associated behaviour of the incubating bird (e.g. alert look, call), as well as natural
behaviours such as nest maintenance or preening (for detailed descriptions of behaviours
mentioned please refer to Richdale, 1951). In all cases we analysed maximum HR increase
and recovery time. If we were able to record several natural events of one type for the same
bird then individual means were used.

Disturbance experiments

The following list of disturbance experiments were analysed in regard to maximum HR
increase, average HR during the stay of a person at 2 m distance from the nest (when
applicable) and time needed for recovery. If several disturbance experiments were
performed on the same bird, at least one hour separated experiments to ensure that HR had
returned to previously measured RHR levels before the next experiment started.
2m-stop – ﬁrst ever measured direct approach of the incubating penguin to 2 m of the nest
including a one minute motionless stop within sight of the bird before retreating out of
sight; this stop was either standing upright, crouched or laying on belly depending on nest
setup.
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Camera – similar to 2m-stop experiment, however, the one minute stay was used to slowly
move about on belly at 2 m distance and take a picture of the incubating bird (either with
or without ﬂash – randomly assigned).
Nest-check – direct approach and touch of the incubating bird at the chest and lifting
it up slightly (either with forklike stick of 70 cm length or with bare hand – randomly
assigned) to get a swift look of nest contents. The time spent at under 2 m distance of
the bird was about 30 s. Flighty birds that retreated slightly upon approach and exposed
the nest contents were nevertheless shortly touched at the chest to maintain experimental
consistency.
Handling – direct approach of the incubating bird, capture and restraint at the nest site for
banding, de-banding or band ﬁxing purposes. After handling the bird was released at about
2 m distance from the clutch, facing the nest; following release the experimenter retreated
immediately out of sight and back to the mobile hide.
Including a standardised experimental pass, as in the case of the Humboldt penguin
(Ellenberg et al. 2006, Chapter 2.1), was not possible due to the topography and the
densely vegetated habitat.

Logger deployment

Logger deployment – HR was measured immediately after capture, after taking body
measurements and during dive data logger deployment (for method compare Wilson et al.,
1987), while the birds usually stayed motionless with their heads covered.
Logger recovery – HR measured immediately after capture, during logger detachment and
(after taking body measurements) during transponder implantation.
To analyse the effect of the capture process we measured the time from ﬁrst sight of the
bird until the ﬁrst HR reading was obtained and until the bird was released, as it wasn’t
practical to measure RHR prior to capture or recovery time after release in the course of
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logger deployment or retrieval procedures. After the ﬁrst HR reading, we measured head
and foot length for sex identiﬁcation (Setiawan et al., 2004) and weighed the bird with a
spring balance (10 kg – nearest 100g). A body condition index was calculated as (head *
foot length/weight).
We were particularly interested if the average HR or variability of HR would decrease
over time while the bird was held. For this, we averaged the HR readings during the ﬁrst
minute once the HR stayed level (less than 10 bpm drift) and the bird remained motionless
on the lap, and compared the average HR measured during the minute prior to release. This
usually allowed 4-5 minutes between both measurements. Furthermore, we were interested
in the HR response to preparation for transponder implantation and to the tagging
procedure itself.

Relative severity of human disturbance stimuli

We used natural maintenance behaviour as our point of reference to compare different
human disturbance stimuli and calculate an index for the overall HR response during
experimental disturbance. The relative severity was conservatively estimated. Firstly, as
reference we used the peak maximum HR measured during a typical 20 s of maintenance
behaviour; hence baseline costs are overestimated. Secondly, we ignored peak maximum
HR during human disturbance but integrated a simple curve of average HR during human
proximity and the time needed for recovery. We did not consider costs associated with
higher vigilance and displacement behaviours following human disturbance events.
Therefore, actual impact of human disturbance is likely underestimated. However, we
hesitate to calculate energetic costs that may be associated with disturbance stimuli until
we have a better understanding of the actual relationship between HR and energy demands
during emotional stress. At this stage, we provide only an index for differential HR
responses measured during experimental disturbance to compare a range of psychological
stimuli in terms of their relative severity.
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Statistical analysis
The possible effects of research manipulations on hatching success were tested using
a two-tailed t-test comparing independent means. This test was also employed when
comparing HR responses to disturbance experiments, such as use of hand or stick during
nest-checks when we did not ﬁnd an effect of inter-individual differences during general
linear modelling procedures (GLM). A paired t-test was used to compare HR responses
of individual penguins during natural stimuli and standardised human disturbance. We
employed repeated-measures analysis of variance (ANOVA) to test for differences in HR
response within and between subjects when comparing several disturbance experiments.
Following signiﬁcant ANOVA results, we used Tukey-Kramer honesty signiﬁcant
difference as our criterion for signiﬁcance (Zar, 1999). We square-root-transformed
(sqrt) recovery time data when assumptions of normality were not met and tested for
homogeneity of variances using Levene’s test. Possible effects of capture time, body
condition etc. on HR responses were tested using linear regression. Pearson’s correlation
coefﬁcient was calculated to quantify correlation. We considered differences to be
signiﬁcant if p < 0.05 and reported values as mean ± SD, if not indicated otherwise.

3.2.3. Results

Effects of research
We found no signiﬁcant difference in hatching success when comparing experimental nests
(1.5 ± 0.7; n = 15) with control nests (1.7 ± 0.6; n = 26) in the same area (t39 = -1.24, p =
0.223). We assume that short-term hidden camera and ED deployment and repeated short
and consistent human disturbance had no effect on the productivity of study birds.
Natural stimuli versus human disturbance
Partner return and associated behaviours provoked the strongest heart rate (HR) increase
observed during natural stimuli. The maximum HR measured was 174 bpm (282%RHR)
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during mutual calls and 177 bpm (287%RHR) when accepting a gift of nesting material
(Fig. 3.2.1 a). In all cases the HR dropped back to RHR levels within seconds after the
stimulus ended (maximum observed during partner return was 18 s after the ﬁrst set of
mutual calls). This quick recovery was typical for natural stimuli in general. Recovery
from heart rate increase caused by natural stimuli rarely took more than one minute. Time
allocated to nest maintenance or preening behaviour was usually short, but even in one
case of extended nest sorting (> 5 min in three spells) the bird recovered within 23 s after it
had settled back on the clutch. Preening and nest maintenance caused similar HR responses
(HR increase: t25 = -0.812, p = 0.425; recovery time: t21 = 0.709, p = 0.486) and, hence, was
combined to “maintenance” to increase sample size for subsequent analysis. Maintenance
behaviour caused considerably lower HR response than partner return (158 ± 13%RHR,
45 ± 56 s recovery time, n = 19 individuals), and was unrelated to time spent rearranging
nest contents or preening. Heart rate responses to calls of neighbouring pairs (n = 3) or
to the presence of a passing juvenile (n = 1) were comparable to those observed during
maintenance behaviour.
In contrast, human disturbance usually caused greater HR increase than natural stimuli and
always provoked substantially longer recovery times. An experimental approach to 2 m
from the nest-site caused signiﬁcantly greater HR response than maintenance behaviour in
the same individuals (Fig. 3.2.2 a; HR increase: 196 +- 24%RHR, paired t-test: t18 = 6.017,
p < 0.0001; recovery time: 477 +- 328s, paired t-test (sqrt recovery time): t16 = 7.013, p <
0.0001; despite similar RHR: 77 bpm, paired t-test: t19 = -1.136, p = 0.270). Birds did not
recover during human presence. For example, more than half an hour after three visitors
had settled at about 10 m distance but out of sight of the incubating bird the heart rate
was still elevated and varied according to discussion pattern of the lot, i.e. higher pitched
and louder voices provoked HR increase, whereas pauses in the conservation allowed
for recovery (compare Fig. 3.2.1 b). For disturbance experiments, the maximum HR was
recorded during nest check (189 bpm) and the maximum recovery time observed was
almost an hour (57:09 min) after handling (for 3:11 min) that involved reapplying a twisted
ﬂipper band which had slipped off during capture.
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Date or time of day the experiment was performed had no effect on RHR (Linear
regression, time: F1,31 = 0.658, p = 0.423; date: F1,31 = 2.249, p = 0.144), HR increase (time:
F1,30 = 0.317, p = 0.577; date F1,30 = 0.259, p = 0.614), or recovery time (time: F1,29 = 0.002,
p = 0.966; date: F1,29 = 0.047, p = 0.829) measured. Cloud coverage or wind speed during
the experiment were equally unimportant (HR increase: F1,30 = 0.085, p = 0.772; recovery
time: F1,29 = 0.040, p = 0.842).
Following disturbance experiments, after having recovered by deﬁnition (see Methods
section) the birds usually remained vigilant and the “RHR” was regularly interrupted by
alert look events (Fig. 3.2.1 f). Nest maintenance activity within 30 minutes after “ofﬁcial”
recovery caused greater HR increase (177 +- 12 %RHR) and was followed by signiﬁcantly
longer recovery times (max 7 min, unpaired t-test, no matched pairs available, HR increase
in %RHR: t19 = -3.883, p = 0.001; recovery time t3.23 = -3.311, p = 0.004) than nest
maintenance under natural circumstances.

Differences between locations

While HR responses during maintenance behaviour prior to experiments did not
differ between locations (HR increase: F2, 19 = 1.230, p = 0.317; recovery time (sqrt):
F2, 17 = 0.227, p = 0.800) we found signiﬁcant differences in response to disturbance
experiments.
Sandﬂy Bay birds that are exposed to unregulated tourism had considerably greater HR
responses to nest-check experiments than birds breeding at Mid-Section Boulder Beach
(HR increase: 236 +- 38%RHR (n = 4) vs. 184 +- 25%RHR (n = 10), F1, 13 = 8.935,
p = 0.011; recovery time: 826 +- 162s (n = 5) vs. 574 +- 217s (n = 8), F1, 12 = 4.936, p =
0.048). None of the factors that can cause inter-individual differences was signiﬁcant.
Sex ratio was similar between locations as we aimed to include both partners of each
experimental nest into the study. Character ratio was not signiﬁcantly different between
locations (Kruskal Wallis, H2, 34 = 2.345, p = 0.310).
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Similarly, camera experiments provoked signiﬁcant differences in HR response between
locations (GLM, HR increase (%RHR): F1, 16 = 4.498, p = 0.054; recovery time (sqrt):
F1, 15 = 8,622, p = 0.012) despite similar resting heart rates (bpm: F1, 15 = 0.416, p = 0.530)
with birds that were exposed to unregulated tourism tending to have a higher HR increase
and considerably longer recovery times.

Comparing human disturbance stimuli

When comparing individual HR responses to three different experiments (2m-stop,
camera and nest-check; n = 10, including all locations) we found no signiﬁcant differences
(repeated measures ANOVA, within subjects factor experiment, HR increase (%RHR): F2,
18

= 1.769, p = 0.199; recovery time (sqrt): F2, 16 = 0.696, p = 0.513, Fig. 3.2.2 b). However,

birds at Sandﬂy Bay had signiﬁcantly higher HR increase and tended to have longer
recovery times when approached with a camera while Boulder Beach birds responded
similar to all experiments (within subjects factor location, HR increase (%RHR): F2, 18
= 4.811, p = 0.021; recovery time (sqrt): F2, 16 = 1.355, p = 0.286). Location remains an
important between subjects factor with birds exposed to unregulated tourism responding
stronger than birds at control colonies (HR increase (%RHR): F1, 9 = 4.222., p = 0.070;
recovery time (sqrt): F1, 8 = 8.497, p = 0.019).
Despite similar maximum HR increase and recovery times in all three experiments,
associated costs appear to be signiﬁcantly higher during the photo session. The average HR
during the one minute the experimenter spent at 2 m of the nest remained at a higher level
when carefully moving about on belly (camera) compared to staying motionless (2m-stop,
repeated measures ANOVA within subjects factor average HR increase (%RHR): F1, 13 =
5.264, p = 0.039).
Due to differences in heart rate response between locations we excluded Sandﬂy Bay,
the site exposed to unregulated tourism, from subsequent analysis and focused on HR
responses of Boulder Beach birds for the comparison of human disturbance stimuli.
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Position of the experimenter during approach and 1 minute stay at the nest (standing,
crouched, on belly; 2m-stop experiments) did not cause any difference in HR response
(HR increase, %RHR: F2, 24 = 0.191, p = 0.827; average %RHR during 1minute stay:
F2, 24 = 0.139, p = 0.871; recovery time (sqrt): F2, 22 = 2.571, p = 0.101). When taking
pictures during a one minute stay at the nest while moving slowly about on belly the single
use of a ﬂash had no effect on HR response (independent t-test, HR increase (%RHR):
t9 = 0.297, p = 0.773; recovery time: t9 = -0.042, p = 0.967). Nest-check procedure using
either hand or forklike stick to lift incubating penguin slightly off the clutch had no
inﬂuence on HR response (independent t-test, HR increase (%RHR): t17 = 0.734, p = 0.473;
recovery time: t15 = -0.157, p = 0.877).
Approaching a bird to 2 m of the nest-site (2m-stop) did not provoke a different HR
response than a nest-check that involved touching the bird at the chest (repeated measures
ANOVA, within subjects effect HR increase (%RHR), best model included factor sex: F1,16
= 1.103, p = 0.320; recovery time, sqrt, best model included factors bled and character:
F1, 11 = 0.004, p = 0.951). Females reached signiﬁcantly lower maximum HR values than
males did (between subjects factor sex: F1, 16 = 5.295, p = 0.035, compare Fig. 1c-d) and the
factors character and previous bleeding experience as well as the interaction term of both
were important predictors for inter-individual differences in recovery time (sqrt, between
subjects effects, bled: F1, 11 = 5.798, p = 0.035; character: F1, 11 = 4.640, p = 0.035; bled *
character: F1, 11 = 5.127, p = 0.045) with non-bled birds and aggressive individuals needing
less time to recover, this relationship remained the same when testing sexes separately.
We were able to obtain HR measurements during logger deployment and retrieval
for 7 males and 2 females. As sexes tended to respond differently, we considered
only males for the following analysis of HR responses. Maximum and average HR
measured during logger deployment was independent of capture time (linear regression,
F1, 5 = 0.030, p = 0.871, r² = 0.007; F1, 5 = 1.444, p = 0.296, r² = 0.265; respectively), ﬂight
distance (F1, 5 = 0.656, p = 0.463, r² = 0.141; F1, 5 = 4.185, p = 0.110, r² = 0.511), weight
(F1, 6 = 0.083, p = 0.785, r² = 0.016; F1, 6 = 0.006, p = 0.942, r² = 0.001), body condition
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(F1, 6 = 0.392, p = 0.559, r² = 0.073; F1, 6 = 0.805, p = 0.411, r² = 0.139), and character
(ANOVA, F2, 5 = 0.352, p = 0.729; F2, 5 = 2.532, p = 0.227). However, average HR of
individuals during ﬁrst and second handling was signiﬁcantly positively correlated with the
single ﬂighty bird responding strongest (Pearson correlation r = 0.957, p = 0.010).
Average HR and variability (SD) did not decrease both during logger deployment when the
bird stayed on lap with head covered for the entire procedure (paired t-test HR: t6 = 1.736,
p = 0.133; SD: t6 = -1.078, p = 0.322; average time between HR recordings used for
analysis 237 ± 51 s) and during logger retrieval and transponder implantation when
considerably more handling was involved (HR: t3 = 1.250, p = 0.300; SD: t3 = 1.297, p =
0.285; average time between recordings 386 ± 89 s).
Time from ﬁrst sight of the bird until release was similar for logger deployment as well
as for logger retrieval plus transponder implantation (paired t-test: t4 = -0.379, p = 0.724)
and took on average 13 ± 2 minutes. However, the second capture event (time from ﬁrst
sight until getting the ﬁrst HR reading from the restraint bird) was signiﬁcantly quicker
than the ﬁrst one (t4 = 3.657, p = 0.035) due to experience with individual birds and
exact knowledge of nest set up and escape routes, although ﬂight distances of loggerequipped birds tended to increase during the second approach (Wilcoxon signed ranks test:
Z1, 5 = -1.753, p = 0.080).
Maximum HR associated with preparation for transponder implantation (i.e. head
exposure, bending of neck, cleaning of skin and feathers at the injection point) was similar
to maximum HR measured immediately after capture and restraint (paired t-test, t3 = 1.754,
p = 0.178) and signiﬁcantly higher than HR during needle injection (7-10s, 122 ± 15 bpm
vs 106 ± 13 bpm; paired t-test, t3 = 8.840, p = 0.003).
The average HR during logger deployment was comparable to the HR measured during
the one minute motionless stop at 2 m distance form the nest (considering males only,
independent samples t-test, t19 = 1.091, p = 0.289) and signiﬁcantly lower than during the
camera experiment (t14 = -2.849, p = 0.013).
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Capture and handling clearly provoked the longest recovery times (paired t-test, recovery
time (sqrt): t4 = -7.468, p = 0.002; Fig. 3.2.2 c). Recovery time was independent of
handling time. The maximum HR increase measured was lower prior to capture than
during 2m-stop experiments (paired t-test, HR increase (%RHR): t3 = 3.197, p = 0.049)
which is likely attributable to the loss of contact with the ED during maximum stress.
Again, we observed great individual differences, for example, a ﬂighty male that was
used to being handled recovered within 9:59 min (Fig. 3.2.1 e). Whereas, a naïve ﬂighty
female needed more than 15 minutes to return to its clutch after being handled, and even
after having recovered by deﬁnition (42:08 min) the bird remained vigilant and heart
rate continued to be frequently interrupted by alert look events with associated HR peaks
(Fig. 3.2.1 f).
Table 3.2.1 gives an overview of differences in HR responses to a range of stimuli.

Relative severity of human disturbance stimuli

Handling a bird for 10 minutes provoked at least 33 times the HR response than the
average preening or nest maintenance event. A standard nest-check was 8 times more
costly and comparable to a motionless stop of one minute at 2 m distance of the nest.
Moving slowly about on belly for the same time at the same distance (“camera”) provoked
already a signiﬁcantly higher response – about 9 times that of maintenance behaviour.
As we never observed a sign of recovery as long as a person remained within sight of a
Yellow-eyed penguin, we extrapolated potential costs for a wildlife photographer staying
5 or 20 minutes at close proximity of the nest, which is a more likely time frame during
tourist encounters (personal observations). Figure 3 gives an overview of the relative
severity of a range of human disturbance stimuli Yellow-eyed penguins are regularly
exposed to at their breeding sites.

150

3.2. Evaluating disturbance stimuli
3.2.4. Discussion

Incubating Yellow-eyed penguins routinely invest energy into maintenance behaviours
such as preening or rearranging of nest contents and are exposed to a variety of natural
stimuli ranging from calling or passing neighbours to a returning partner. While the
latter can cause heart rate (HR) peaks comparable to what we measured during human
disturbance experiments, the time needed to recover after natural excitation was short,
and HR usually returned to resting heart rate (RHR) level within less than one minute.
As HR has shown to be linearly correlated with energy expenditure (e.g. Green et al.,
2005), natural excitations of incubating Yellow-eyed penguins come at low cost. In
comparison, human disturbance stimuli usually provoke a greater HR increase and always
require signiﬁcantly longer recovery times than natural excitation. Conceivably, human
disturbance is generally associated with considerably higher energetic costs for the penguin
than stimuli that naturally occur at their breeding sites.
Human proximity was the most important factor when comparing HR responses to a range
of human disturbance experiments. Using the bare hand or a forklike stick during nestcheck procedures provoked comparable HR responses. Similarly, the single use of a ﬂash
did not induce differences in HR response when taking pictures of an incubating bird.
Furthermore, a one minute motionless stop at 2 m of the nest (“2m-stop”) caused in terms
of maximum HR increase and recovery time HR responses similar to taking pictures for
one minute at 2 m distance of the nest (“camera”) or a “nest-check” (time spent at less than
2 m of the nest about 30 s) that involved touching the incubating bird at the chest.
Human behaviour was another important component for predicting HR response. For
example, a person carefully moving about on the belly while taking pictures provoked
a signiﬁcantly higher HR plateau during the stay than did an entirely motionless stop at
the same distance. The slow and careful movements of a “wildlife photographer” appear
to be perceived as more dangerous by the birds than an entirely motionless human that
may be associated with lower predation risk. Interestingly, the average HR during logger
deployment was also signiﬁcantly lower than what we measured during the camera
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experiment. During logger deployment the birds stayed motionless on the lap with their
heads covered and appeared to have “accepted their fate”, while a potential predator
moving about at close range may require the bird to be prepared for immediate action.
However, recovery times after careful human approach were signiﬁcantly shorter (on
average 10 min) than the time required calming down after handling (on average 35 min).
While a moving human in close proximity caused the HR to be maintained at a higher
level than during handling, integrating the entire procedures demonstrated that handling an
overall greater impact.

Relative severity of different human disturbance stimuli

We estimated the severity of different disturbance events relative to natural maintenance
behaviour and found that handling a bird for 10 minutes provoked a response that
was at least 33 times stronger than the average preening or nest maintenance event. In
comparison, a routine nest-check was only 8 times more costly than the baseline behaviour
and taking pictures for one minute at 2 m distance from the nest provoked 9 times the
HR response of natural maintenance behaviour. Given that during all our experiments
the penguin HR remained on a high level without any signs of recovery as long a person
remained within sight, we can estimate potential response during the more likely scenario
that a tourist, having discovered a penguin nest, spends considerably more time taking
pictures. We observed visitors in Sandﬂy Bay spending up to 20 minutes at close proximity
to a penguin nest, which likely resulted in at least as high a response as that measured for
10 minutes of handling and logger deployment.
Beale and Monaghan (2004) found that effects of disturbance increase with increasing
numbers of visitors, and decrease with distance from the nest in two seabird species. All
our experiments were performed silently by a single person moving in a calm steady
manner. Conceivably, groups of noisy people with their erratic movements would be
associated with considerably higher costs for the birds. Even after having recovered
after human disturbance by deﬁnition (HR back within range of previously deﬁned RHR
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tolerance band) the birds remained vigilant and the RHR was frequently interrupted by
alert-look events. Furthermore, nest maintenance behaviour after human disturbance
was associated with signiﬁcantly higher energy expenditure than we observed naturally.
Comparable to Humboldt penguins (Ellenberg et al., 2006, Chapter 2.1) nest maintenance
of Yellow-eyed penguins after stressful events could be interpreted as displacement
behaviour. Hence, it would be wise to assume that most disturbance events provoked by
visitors entering breeding areas are generally associated with considerably higher costs
than those provoked by our disturbance experiments.
While a careful “wildlife photographer” spending 20 min in close proximity to a penguin
nest may provoke the same energy expenditure as handling the bird for 10 min during
logger deployment, we do not have any information on longer-term effects of both
disturbance stimuli. Capture and handling may be perceived as a predation attempt (Frid
and Dill, 2004) and can have prolonged effects on the affected animal. For example, in zoo
tigers Panthera tigris average immune-reactive cortisol concentrations peaked 3-6 days
after transport, despite being released into a known environment, and needed 9-12 days
to return to baseline levels (Dembiec et al., 2004); and great tits, Parus major, in the wild
showed sustained mass change for seven days following handling before mass returned to
pre-capture levels (MacLeod and Gosler, 2006). Little is known about longer term effects
of human disturbance on Yellow-eyed penguins. However, it has been shown that stress
can have an effect on attention, decision making or memory of an individual (McEwen and
Sapolsky, 1995; Mendl, 1999); and prolonged or frequent exposure to stress induced higher
susceptibility to diseases, reduced fertility and lower life expectancy (e.g. Siegel, 1980;
Wingﬁeld, 1985; Schedlowski and Tewes, 1992; Wingﬁeld et al., 1997; Sapolsky et al.,
2000).

Importance of objective information on disturbance effects

Disturbance stimuli that we subjectively would categorise as low impact may be perceived
quite differently by the affected animal. For example, the careful approach of a “wildlife
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photographer” spending just one minute at 2 m distance of the nest provoked higher
HR response than a routine nest-check that involved touching the incubating bird at its
chest. Furthermore, during transponder implantation not the needle insertion itself but
the preparation for implantation (i.e. handling procedures such as exposure of the head,
bending of neck, cleaning of skin and feathers at the injection point) caused a signiﬁcant
heart rate response. By the time the needle was inserted (animal in position and held
motionlessly) the heart rate had returned to the average high level that was maintained
during the entire handling procedure. These examples clearly demonstrate that intuition
provides a poor basis for evaluating disturbance related effects.
Similarly, Langkilde and Shine (2006), who measured plasma corticosterone levels in
lizards, Eulamprus heatwolei, Scincidae, found that toe-clipping for identiﬁcation, which
is often criticized and sometimes banned for ethical reasons, was less stressful than
microchip implantation, which caused elevated stress hormone levels that were maintained
for 14 days. Toe-clipping was also less stressful than manipulations that may be perceived
by humans as trivial, such as housing the animal in an unfamiliar enclosure (Langkilde
and Shine, 2006). Hence, it is important to seek objective information on actual effects of
human derived disturbance stimuli, rather than trusting subjectivity and anthropomorphism
in making such evaluations. The potentially high energetic costs associated with human
disturbance stimuli that we might perceive as low impact are particularly concerning as the
effects of successive stressors can be additive and accumulate (Moberg, 2000).

Differences between locations

One could argue, penguins breeding at Boulder Beach may have habituated to regular
nest-checks while they would be probably less familiar to being approached by a “wildlife
photographer”, and hence a relatively stronger response to the less known stimulus may
be expected. Following this notion, we would have thought birds breeding at touristexposed Sandﬂy Bay to respond less to “wildlife photographers” in their proximity.
The opposite was the case: compared to Boulder Beach birds, the penguins breeding at
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Sandﬂy Bay showed a higher heart rate increase and longer recovery times following the
camera experiment. And while penguins breeding at Boulder Beach responded in terms
of heart rate increase and recovery time similar to nest-check and camera experiments,
birds breeding at tourist-exposed Sandﬂy Bay reacted not only signiﬁcantly stronger
than Boulder Beach birds, but reached a signiﬁcantly higher heart rate peak in response
to a “photographer” than what they showed during a nest-check. These differences
between locations are also reﬂected in hormonal stress response: Stress-induced plasma
corticosterone concentrations were signiﬁcantly higher at Sandﬂy Bay compared to a
control site that was visited for monitoring purposes only (Ellenberg et al., 2007, Chapter
3.1). Overall it appears penguins breeding at Sandﬂy Bay have been sensitised by frequent
tourist disturbance.

Individual differences

Stress response will depend on how dangerous a disturbance stimulus is perceived. While
we presented average responses, it is important to bear in mind that individual birds may
react differently to the same stimulus. Individual Yellow-eyed penguins differ in their
initial stress response and habituation potential to human disturbance depending on their
sex, character and previous experience with humans (Ellenberg et al., in press, Chapter
3.3). Although we measured comparable average HR during the one minute stay in both
sexes, male Yellow-eyed penguins responded more strongly than females to any change in
human activity such as a shift in position and reached signiﬁcantly higher HR peaks during
experiments. On the other hand, females needed on average longer to recover from human
disturbance than did males. In addition, aggressive individuals recovered faster initially
than did frozen and ﬂighty birds but appeared less ﬂexible in their stress response pattern;
and birds that were exposed to research, which involved frequent interactions at the nestsite including blood sampling, were less likely to habituate (Ellenberg et al., in press,
Chapter 3.3). Birds appear to learn from negative experiences, e.g. ﬂight distances tended
to be higher during re-capture of logger-equipped birds. However, individual responses
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during ﬁrst and second handling were signiﬁcantly positively correlated, indicating a
general underlying variation in temperament, with as yet unrealised consequences for
conservation (Ellenberg et al. in press, Chapter 3.3).

Management implications

The Yellow-eyed penguin is one of the more timid penguin species (compare Ellenberg
et al., 2006, Chapter 2.1; Chapter 2.2). Subtle effects of human disturbance appear to
accumulate and ultimately may cause reduced breeding success and lower ﬂedging
weights (Ellenberg et al., 2007, Chapter 3.1; Ellenberg unpublished data). There is
mounting evidence that stressful events may redirect an individual’s behaviour towards
survival rather than reproduction (Wingﬁeld et al., 1997), and consequently increase the
likelihood of nest abandonment, particularly in long-lived species (Wingﬁeld et al., 1995).
Furthermore, stress-related energy expenditure of adults will result in greater adult energy
demands and may leave less food for the chicks. This could in part explain why chicks
at frequently disturbed sites ﬂedged at lower weights with associated reduced juvenile
survival and recruitment probabilities (McClung et al. 2004; Ellenberg et al., 2007, Chapter
3.1; Ellenberg unpublished data).
For management decisions it is important to determine the relative costs of the different
human disturbance stimuli to which animals are regularly exposed. Using the HR as
objective parameter to measure human disturbance related energy expenditure we can
provide recommendations on how to behave around nesting Yellow-eyed penguins.
1. Time spend in proximity of a nesting penguin should be minimised.
2. Remaining low-pitched or quiet will reduce disturbance effects as long as out of sight.
3.

Once within sight, a person should stay as motionless as possible and avoid quick
movements.
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4. If taking pictures requires a ﬂash, it may be used, as it is most important to get out of
the area quickly (see 1.)
5. When handling is necessary, it is important to be organised and keep the process short.
6. Any unnecessary movements during handling should be avoided.
While much of this appears to be common sense, some recommendations may be
unexpected. For example, it is practice at some sites when monitoring Yellow-eyed
penguins to not approach or touch the birds during nest-checks but instead to spend some
time quietly in close proximity of the nest (usually few meters due to habitat constraints)
and wait for the incubating bird to expose the nest contents. This can take up to 20 min,
still sometimes an observer will retreat without having obtained any information (Sandy
King, personal communications). While this monitoring approach may be good practice
for sub-Antarctic penguin species that breed in dense colonies, we now know it is
inappropriate to apply the same practice to Yellow-eyed penguins. A human observer that
spends 20 min in close proximity to a breeding Yellow-eyed penguin likely causes similar
costs to what was estimated for 10 min of handling the bird for logger deployment. Hence,
visits at the nest should be kept as short as possible. Touching the bird at its chest did not
signiﬁcantly increase HR response already associated with human proximity. Additionally,
the data obtained via such a nest-check is probably more reliable, thus justiﬁes the
disturbance.
Another unexpected result was that the average HR measured during handling did not
decrease over time. Hence, while it is imperative to keep handling time as short as possible
for many reasons (e.g. to not compromise reproductive success by exposing the clutch or
chicks to the elements) we would have expected that a bird that keeps quiet and spends
motionless on the lap of a researcher for many minutes would adapt gradually reducing the
HR to a certain level and hence lower stress related energy expenditure – but it did not. As
expected, any additional movement of the bird provoked a further peak in HR and energy
demands.
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Yellow-eyed penguins did not easily adapt to nearby human activity even if it was visually
isolated. For example, half an hour following the arrival of three people at the beach at
about 10 m distance of the nest but out of sight of the penguin, its HR continued to be
elevated varying in accordance to the discussion pattern of the three. This highlights the
importance of keeping any human activity in proximity of nesting Yellow-eyed penguins to
a minimum so as to reduce associated costs for the birds.
In situations where food is ample and easily obtained, additional energy expenditure may
not be a problem; however, the long moult fasts and parts of the breeding cycle require
a delicate energy balance. Even minor disturbances may then push the birds over the
threshold from survival to starvation or lead to nest desertion.

Conclusion

Intuition provides a poor guide to evaluate human disturbance related effects. Stimuli we
subjectively would classify as low impact, such as the careful approach of a simulated
“wildlife photographer” were signiﬁcantly more costly to birds than a routine nest-check
that involved lifting a bird up to view nest contents. In contrast, the single use of a camera
ﬂash did not signiﬁcantly increase HR response already associated with human proximity.
Our results highlight the need for rigorous research to provide objective information on
human disturbance impact as basis for appropriate anticipatory management decisions. HR
telemetry offers a reliable and objective low impact tool for evaluating disturbance effects
on wildlife that should be more widely applied.
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Table 3.2.1. Yellow-eyed penguin heart rate responses to natural and human derived stimuli. Data
given in mean ± SD (number of individuals). Bold letters group similar responses.

stimulus

heart rate increase (bpm)
maximum

recovery time (s)

average (1 min)

comfort

123 ± 16 (20)

A

45 ± 56 (19)

2m-stop

148 ± 18 (32)

B

114 ± 16 (31)

B

609 ± 414 (31) B

camera

150 ± 19 (15)

B

125 ± 16 (15)

C

548 ± 516 (15) B

nest-check

146 ± 19 (25)

B

handling (logger)a

129 ± 20 (9)

handling (bands)b

156 ± 20 (5)

A

591 ± 297 (22) B
107 ± 18 (8)

C

B
2070 ± 1160 (5) C

Resting heart rates prior to stimulus were on average 78 ± 11 beats per minute (bpm) and similar
among groups. Recovery time is given in seconds (s). For deﬁnitions of stimuli or experiments
and detailed statistical results please refer to text. Whenever possible we used paired or repeated
measure test designs as individuals differed considerably in their responses.
a

HR reading during logger deployment only.

b

HR reading prior and after, but not during handling.

159

3. Intra-speciﬁc diﬀerences in stress coping styles

160

mutu
al pre

accepting gift
repeated mutual calls

100

rearr

150

ening

(a) partner return

200

angin
g nes
t
chan
ge ov
er

3.2. Evaluating disturbance stimuli

50
0

1

2

3

4

5

9

10

11

12

13

14

(b) people on beach - timid male

200
150
100
50
0

1

2

3

4

5

6

7

8

9

10

4

5

6

7

8

9

10

4

5

6

7

8

9

10

8

10

12

14

16

18

20

(c) 2m stop - calm female

200

heart rate (bpm)

150
100
50
0

200

1

2

3

(d) 2m stop - aggressive male

150
100
50
0

1

2

3

(e) handling - timid male

200
150
100
50
0

2

4

6

(f) handling - timid female

200
150
100
50
0

10

20

30

40

50

60

70

80

time (min)
Figure 3.2.1. Examples of Yellow-eyed penguin heart rate response (beats per minute over time)
during natural stimuli and human disturbance. (a) Partner return and pair interaction. (b) Half an
hour after three visitors had settled at about 10 m distance but out of sight of the incubating bird.
(c-f) Disturbance experiments, please note individual differences: (c-d) Human approach. (e-f)
Capture and handling. Initial peaks in heart rate are associated with alert look events probably
due to sound of the approaching person, when the experimenter ﬁrst came into sight the heart rate
jumped up considerably in all cases. Bars indicate the one minute motionless stop at two meters
from the nest (c-d) or handling time (e-f). Please note the different time scales. Gaps in the curves
are a result of a temporary loss of the heart rate signal due to penguin movements or high ambient
noise levels (e.g. mutual calls).
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Figure 3.2.2. Comparing maximum heart rate increase and recovery times caused by natural and
experimental disturbance stimuli in Yellow-eyed penguins. (a) Natural maintenance behaviour
provoked signiﬁcantly lower heart rate responses than experimental approach. (b) Individual birds
responded similar to three experimental disturbance events (2m-stop, camera & nest-check) for
deﬁnitions please refer to text (c) capture and handling clearly provoked the longest recovery times
(please note different time scales). Error bars represent standard error of the mean; sample size for
each experiment is given in brackets.
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Figure 3.2.3. Relative energetic costs (given in times energy expenditure during natural
maintenance behaviour) for a range of human disturbance stimuli. “Stop (1min)” refers to a
motionless stop of one minute at a distance of 2 m of the incubating bird. During “camera”
experiments the person moved slowly about on belly during the stay (1, 5, 20 min) while taking
pictures at 2 m distance of the nest. “Nest-check” involved touching the bird at the chest to lift it
up and check the nest contents, time spent at under 2 m of the nest was about 30 s. For the estimate
of relative energy expenditure during “handling” we used HR measures obtained during logger
deployment while the bird spent most of its time motionless on the lap with its head covered
assuming a quick catch that did not involve chasing the bird.
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Habituation potential of Yellow-eyed
penguins depend on sex, character and
previous experience with humans

This chapter has been published in Animal Behaviour as:
Ellenberg, U., Mattern, T. & Seddon, P.J., 2009. Habituation potential of Yellow-eyed penguins
depends on sex, character and previous experience with humans. Animal Behaviour, 77,
289-296. DOI 10.1016/j.anbehav.2008.09.021
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3.3. Habituation potential of Yellow-eyed penguins depend on
sex, character and previous experience with humans

Abstract

Animal populations are increasingly challenged by anthropogenic environmental changes.
Species, populations and individuals vary in their ability to cope with exposure to human
proximity. However, little is known about what drives habituation or sensitisation in wild
populations. Via behavioural observations and heart rate telemetry during experimental
disturbance we determined the habituation potential of Yellow-eyed penguins, Megadyptes
antipodes, a key species for nature-based tourism in Southern New Zealand. Individual
birds differed signiﬁcantly in both their initial stress response and habituation potential.
While some birds did not habituate, or even appeared to be sensitised by frequent
disturbance others habituated. Individual variation in habituation potential depended on
previous experience with humans, sex and character (i.e. ﬂighty, frozen or aggressive).
Birds that were exposed to research that involved frequent interactions at the nest-site
including blood sampling several years prior to our experiments, were less likely to
habituate. Overall, females were more ﬂexible than males in their stress response pattern,
and frozen individuals appeared to adapt more readily than aggressive birds. Character,
classiﬁed during penguin-researcher interactions at the nest-site, was independent of sex,
age, or previous experience, and consistent over two seasons. Initial heart rate response
to human approach, also similar between seasons, varied with sex and character of an
individual. Yellow-eyed penguins may habituate to short and consistent approaches, but
appear unsuitable for unregulated tourist visitation at nest-sites. Individual differences in
habituation potential to human disturbance can have ﬁtness consequences and may lead to
contemporary evolutionary change in the composition of breeding populations.
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3.3.1. Introduction

Behavioural plasticity appears to be an important trait enabling animals to endure
environmental changes (Sih et al. 2004a; Nussey et al. 2007). Species that lack such
plasticity are likely to behave inappropriately which contributes to their decline (Schlaepfer
et al. 2002). Large-scale analyses of bird taxa suggest more ﬂexible, less neophobic species
are best able to cope in human-disturbed habitats (Sol et al. 2002). Differences in coping
with environmental challenges can be observed not only in species but also at population
and individual levels (e.g. Koolhaas et al. 1999). Individuals – humans and other animals –
differ in the way they react to potential risks, handle novelty, or interact with conspeciﬁcs
(Bell 2007; Réale et al. 2007). Depending on environmental selection pressures these
differences in personality can have ﬁtness consequences (Dingemanse et al. 2004;
Dingemanse & Réale 2005) with as yet unrealised consequences for conservation.
The term personality (also called temperament, behavioural syndrome or stress-coping
style) refers to a coherent set of behavioural and physiological stress responses which is
consistent over time and which is characteristic to a certain group of individuals (Koolhaas
et al., 1999). This response pattern to environmental and social challenges is usually
irrespective of life history state, sex or motivational state (Pfeffer et al., 2002), although
individual variation in behaviour can be inﬂuenced by demographic variables or intrinsic
factors (Wilson et al. 1994). While personality is thought to be generally consistent over
time and situations (e.g. Sih et al. 2004 a, b; Réale et al. 2007) expression of character
- deﬁned as personality trait - may be context-speciﬁc (Sinn & Moltschaniwskyj 2005).
Behavioural plasticity has been observed (Bell & Sih 2007; Frost et al. 2007) and appears
to vary between different personalities (Carere et al. 2005a; Quinn & Cresswell 2005).
Personality has considerable heritable components, however, environmental factors
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and individual experience likely play an important role in explaining animal behaviour,
particularly in the wild (Dingemanse et al. 2002; Carere et al. 2005b).
Habituation can be deﬁned as a “reduced response to repeated stimulation not attributable
to fatigue or sensory adaptation” (Domjan 2003). We understand habituation here as an
adaptation to human presence in a way that humans are not seen as potential predators
but are essentially ignored allowing animals to behave naturally. Habituation to human
proximity has often been reported; however, what is usually described is variation
in tolerance between different populations (Nisbet 2000). While higher tolerance in
frequently disturbed areas suggests that habituation of individuals has occurred, recorded
differences may have been the consequence of shyer individuals leaving the area or failing
to reproduce (e.g. Fowler 1999; Fernandéz-Juricic 2000; Müllner et al. 2004; Bejder et
al. 2006; Ellenberg et al. 2006; Martin & Réale 2008). To date only one single study has
been able to demonstrate actual habituation of individual penguins (Walker et al. 2006):
During experiments the behavioural response of naïve Magellanic penguins Spheniscus
magellanicus to human proximity declined within 10 days to levels equivalent to those
measured for tourist-exposed birds. Yellow-eyed penguins Megadyptes antipodes, in
contrast, appear to be sensitised by frequent visitor disturbance (Ellenberg et al. 2007):
Birds that were exposed to unregulated tourism showed a signiﬁcantly higher hormonal
stress response to the same capture-stress protocol than birds from an undisturbed control
site. Furthermore, Yellow-eyed penguins exposed to unregulated visitor access had
signiﬁcantly reduced breeding success. They also ﬂedged chicks at lower weights with
associated lower ﬁrst year survival and recruitment probabilities compared to adjacent less
visited colonies (McClung et al. 2004; Ellenberg et al. 2007, Chapter 3.1). Currently, we
know little about inter- or intraspeciﬁc tendencies for habituation or sensitisation and the
form and magnitude of stimuli involved (Seddon & Ellenberg 2008). Such information is
crucial for the management of endangered species where there may be a need to consider
the most vulnerable members of affected populations.
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We studied the behavioural and heart rate response of Yellow-eyed penguins to
experimental disturbance and observed considerable differences between individuals both
in their initial response and in habituation potential. Considering a range of factors that
included age, sex, character, and previous experience with humans we aimed to understand
and explain individual differences in response to human proximity. We provide insights
into inter-individual variation and discuss the evolutionary and conservation implications
of individual differences in stress coping styles and habituation potential. Our ﬁndings will
not only help managers and conservationists (McDougall et al. 2006), but may even inspire
ecologists and evolutionary biologists (compare Sih et al. 2004a, b; Réale et al. 2007).

3.3.2. Methods

Study site & species
Iconic species such as the Yellow-eyed penguin that are rare, endemic and endangered (EN
B2b(iii)c(iv), IUCN 2007) are key attractions for nature-based tourism. The most important
mainland breeding sites for Yellow-eyed penguins are situated along the Otago Peninsula,
South Island, New Zealand. Recent depletion of penguin viewing opportunities has led to
concern that tourism-related pressures at some sites may be becoming too great (Seddon et
al. 2003).
During the austral summer breeding seasons 2005-06 and 2006-07 we studied the
behaviour and heart rate (HR) stress response of incubating Yellow-eyed penguins at the
Boulder Beach complex (45°53’S, 170°37’E) Otago Peninsula. This area is managed by
the Department of Conservation (DOC). During the breeding season this site is closed to
the public and our study was the only research permitted at the time. All nests in the study
area were monitored for hatching success (34 in 2005-06 breeding season and 18 during
the 2006-07 breeding season). A total of 22 nests (14 in 2005 and 8 in 2006) was selected
for experimental disturbance resulting in data from a total of 33 individual birds (18 males,
15 females; age 2-17, mean 8.1 years). As partners responded independently from each
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other and character or experience had no effect on partner selection we analysed each
individual separately.
Unlike other penguin species and seabirds in general which usually nest in colonies,
Yellow-eyed penguins are considered to be solitary breeders. Both sexes equally share
incubation duties. First breeding is at 2-3 years in females and 3-4 year in males. They nest
under dense vegetation mostly obscured from the open and visually isolated from each
other (Darby & Seddon 1990). The breeding habitat at Boulder Beach allowed us to study
each individual penguin separately so that only the bird attending the focal nest could see
and hear the approaching person.

Previous experience with humans

The Boulder Beach Complex on the Otago Peninsula has been monitored continuously
since 1981. Individuals are usually marked as ﬂedglings using metal ﬂipper bands.
Unknown adults are banded when attending a nest in the area. Thus, all study birds have
been handled at least once during banding. For all focal birds we know sex (either from
blood tests or from measurements, Setiawan et al. 2004), and for most of them age. We
extracted a list of previous encounters with researchers from the Yellow-eyed penguin
database (September 2007 version, currently managed by DOC). Typical interventions
included banding, ﬁxing band, taking blood samples (bled), and deploying a dive-datalogger. Researcher encounters were classiﬁed into type of intervention and the total
number was recorded for each type. Birds we worked with had been bled up to ﬁve
times in previous years or had experienced up to two deployments of a dive-data-logger.
Additionally, we considered the total number of researcher encounters, as birds were often
recorded as present without any details on the nature of the encounter.

Character

Réale at al. (2007) suggest ﬁve “working tool” categories for ecological studies to describe
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the personality trait or character of an individual when facing different challenges. They
proposed using the “shyness – boldness” gradient to characterise individual responses
to risky but not new situations, such as an encounter with a predator or human. While
character usually follows a bimodal distribution of behavioural phenotypes (Koolhaas et
al. 1999, Réale et al. 2007) we decided to use three categories for the different behavioural
responses observed in the wild. These relate to the three typical defensive anti-predator
behaviours that cross the entire animal kingdom: freezing, ﬂeeing and ﬁghting (Eilam
2005).
We used the following deﬁnitions to characterise the behaviour of Yellow-eyed penguins
during human proximity (i.e. deployment of the egg-shaped dummy (ED) used for
heart rate telemetry, see below): ﬂighty – bird backed off nest ready to ﬂee, or actually
abandoned nest during human approach; frozen – bird remained static on the nest,
observed the approaching person but did not show any aggressive reaction to being
touched at the chest and lifted up slightly from the nest to allow ED placement; aggressive
– bird responded with pecks or ﬂipper beats when the person reached the nest, on occasion
even came charging towards the experimenter.
The behavioural response from frozen to aggressive birds appeared to follow a gradient
(unmoving birds – birds that showed some movements to stay in equilibrium while being
lifted up – birds that nibbled the touching hand – to increasingly aggressive birds). Flighty
birds appeared to be in a separate category, ranging from extremely ﬂighty birds that ﬂed
at distances of 10 m or even without previous visual contact with the approaching person
(ca. 5% of the Boulder Beach breeding population), to birds that stayed right next to the
nest (< 1m distance from the human, however, usually facing an escape route) and then
returned immediately back to the clutch after the person left the nest. Only ﬂighty birds
that did not readily abandon their nests were included in experiments to avoid any risk of
compromising reproductive success.
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Heart rate telemetry & hidden cameras

Heart rate telemetry allows evaluation of a single disturbance stimulus in an unobtrusive
and unbiased manner (Ellenberg & Seddon, in review, Chapter 3.2). We recorded heart rate
(HR) of incubating birds via an egg-shaped dummy (ED) that was added a two-egg clutch.
This is the least intrusive method currently available to determine HR responses in birds
(e.g. Tarlow and Blumstein, 2007). The ED contained an internal omni-directional lavalier
condenser microphone (WL183, Shure, adapted to suit ﬁeld conditions). The HR signal
was transmitted some 100 m via UHF (ULXP series, Shure) to a mobile hide where the
receiver station was situated. The HR signal was recorded to MiniDisc (Sharp MD-MT88).
Simultaneously, we observed behavioural changes, natural stimuli (e.g. approaching
partner or neighbour) and disturbance experiment details via previously deployed generic
weatherproof surveillance cameras (4*5 cm). The video signal was transmitted to the hide
using a 100 m high quality coax TV cable.
Following a pilot study testing ED acceptance in Yellow-eyed penguins over a 24 h period,
we reduced ED deployment time to one day (range of deployment time 4-10 h) to eliminate
any risk of compromising reproductive success. On two occasions we decided to leave the
ED in over night (31.5 and 32 h) and were able to obtain HR measures of partners that had
not experienced ED deployment. These two “naïve” individuals responded comparably
to all other birds (HR increase (%RHR, see below): t28 = 0.433, p = 0.668; recovery time:
t25 = -0.416, p = 0.681). Similarly, previous work on Humboldt penguins Spheniscus
humboldti did not ﬁnd any differences in HR response to experimental disturbance
between essentially naïve birds (n = 10) and their mates (n = 10) that experienced us during
ED deployment (Ellenberg et al., 2006). We assume that experiencing ED deployment
at least one hour prior to disturbance experiments did not alter subsequent HR response
signiﬁcantly.
Sound data were analyzed with custom written software in Matlab 6.5 (Mathworks, Natick,
MA, USA). As with Humboldt penguins (Ellenberg et al., 2006), Yellow-eyed penguin
resting heart rate (RHR) was found to be as low as 50 bpm (beats per minute), thus we
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set a window of 12 seconds (containing a minimum of 10 heart beats) to calculate the
heart rate reading for each second. Following Neebe and Hüppop (1994) we deﬁned the
mean RHR during a period of at least 30 s of undisturbed incubation immediately before
the experiment or natural stimulus as baseline; two standard deviations from mean RHR
were considered a tolerance band. When the HR left the tolerance band spontaneously it
counted as excitation. Maximum HR increase considered data from 12 seconds around
peak HR response. The excitation ended when the HR was maintained for at least 30 s
within the previously deﬁned tolerance band. Recovery time was deﬁned as the time from
when the human turned back to retreat out of sight to the end of excitation. Recovery time
was independent of RHR (linear Regression, F1, 26 = 0.063, p = 0.805, r² = 0.002) and HR
increase (F1, 26 = 1.767, p = 0.196, r² = 0.066), hence, we analysed HR measures separately.
As RHR may vary depending on nest microclimate and other factors we compared levels
of excitation using the relative HR increase (%RHR).

Disturbance experiments

Experimental disturbance involved a person approaching the incubating penguin directly
to 2 m of the nest, including a one minute motionless stop within sight of the bird before
retreating out of sight. Experiments were performed silently by a single person dressed in
inconspicuous clothing moving in a calm steady manner (i.e. slow and even steps < 1/s; no
quick movements). Initial experiments (n = 33) aimed to test for individual differences in
HR stress response (and potential reasons for these) to a one-off experimental approach.
We tested repeatability and predictability of responses in seven individuals comparing
the HR response obtained during the ﬁrst breeding season with the response measured
prior to habituation in the second season. To assess whether Yellow-eyed penguins readily
habituate to repeated short and consistent human presence we measured the differences
in HR response to approaches before and after a ﬁve-day “habituation protocol” in 14
individuals during the second breeding season. This protocol involved daily visits to
the nest-site by the same person around midday following the previously described
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experimental approach. For that we installed the mobile hide at a place that allowed
access to a maximum number of active nests (i.e. 8) within a radius of 100m. To exclude
any potential effect of a previously known human, a different person (TM) performed
habituation experiments. Magellanic penguins showed signiﬁcant signs of habituation
after only ﬁve visits at the nest (Walker et al. 2006). We thus choose a ﬁve-day habituation
protocol to test for habituation potential while keeping the overall disturbance impact as
low as possible. We were interested in whether HR responses to human contact decreased
over time and what factors would be good predictors of individual stress responses and
habituation potential.

Statistical analysis

Possible effects of research manipulations on hatching success were tested using two-tailed
t-test to compare independent means. Homogeneity of variances were analysed using
Levene’s test. General linear modelling (GLM) testing several factors was used to compare
initial HR response to standardised disturbance experiments. We employed repeatedmeasures analysis of variance ANOVA to test for individual differences in HR response
during habituation experiments. Following signiﬁcant GLM or ANOVA results, we used
Tukey-Kramer honestly signiﬁcant difference as our criterion for signiﬁcance (Zar 1999).
As an estimate for repeatability of individual HR response we calculated the intra-class
correlation coefﬁcient r between initial response to experimental disturbance in both years
following Lessells and Boag (1987). We considered differences signiﬁcant if p < 0.05 and
reported values as mean ± SD, unless indicated otherwise.

3.3.3. Results

Effects of research on productivity
We found no difference in hatching success when comparing experimental nests in which
we added an artiﬁcial nest to clutch (1.7 ± 0.5; 14) with control nests (1.8 ± 0.5; 20) in the
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same area during the 2005-06 breeding season (t30 = -0.713, p = 0.481). The eight nests
included 2006-07 in the medium-term habituation experiments (which we visited more
often than experimental nests from the previous season) had a slightly higher hatching
success (1.9 ± 0.4) than control nests (1.5 ± 0.5, n = 10; independent samples t-test with
unequal variances t16 = 1.80, p = 0.091). We assume that short-term hidden camera and
ED deployment and repeated short and consistent human disturbance had no effect on
productivity of study birds.

Initial differences between individuals

When analysing the ﬁrst ever measured HR response to our standard experimental
approach, the HR increase was similar for all three behavioural categories, however,
females reached signiﬁcantly lower maximum HR values than did males, despite having
similar resting heart rates (Table 3.31). The recovery time differed signiﬁcantly between
sex and character (GLM, F5, 21 = 4.23, p = 0.008; Table 3.3.1) with females needing on
average longer to recover than males; and aggressive individuals recovering more quickly
than frozen and ﬂighty conspeciﬁcs. Apart from a single outlier, males irrespective
of character needed similar recovery times, on average 7 minutes (Table 3.3.1). In
comparison, females showed signiﬁcantly different responses depending on their character:
Aggressive females (446 ± 288 s) had comparable recovery times to those of males,
whereas frozen and ﬂighty females needed considerably longer to recover (883 ± 153 s and
1049 ± 595 s, respectively).
We tested other possible factors including previous experience with humans (i.e. bled,
logger deployed, handled in general e.g. for ﬁxing a band, total number of researcher
interactions, date when last handled, birds attending antibiotic treatment of chicks during
the 2004 breeding season, and antibiotic treatment of chicks in combination with ﬂedging
success). Other factors tested were age when studied, nesting location within the Boulder
Beach complex, date and time of day, weather (wind and cloud coverage), and human
position during one minute stop at 2 m distance from the nest (i.e. standing upright,
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crouched or laying on belly depending on nest set up). For all these factors we did not ﬁnd
any signiﬁcant effects on HR response.

Consistency of response

The seven birds that had been included in disturbance experiments both in 2005 and
2006 showed no difference between seasons in heart rate (HR) response to the initial
human approach experiment (Repeated measures ANOVA, within-subjects factor HR
increase: F1, 5 = 0.00, p = 0.998 (199 vs 201 %RHR) repeatability r = 1.0; within-subjects
factor recovery time (sqrt): F1, 3 = 1.72, p = 0.282, repeatability r = 0.958). Individuals
were consistent in their HR response over the years with factor sex being an important
predictor for HR increase (between-subjects factor sex: F1, 5 = 8.27, p = 0.035). Factors
sex and previous experience with humans (bled or non-bled) were signiﬁcant predictors
of individual recovery time (Repeated measures ANOVA, between-subjects factor sex:
F1, 3 = 22.82, p = 0.017; between-subjects factor experience: F1, 3 = 16.05, p = 0.028). The
interaction term between these factors was not signiﬁcant (F1, 3 = 3.52, p = 0.157).

Habituation potential

After regular visitation over a period of ﬁve consecutive days Yellow-eyed penguins
showed no difference in maximum HR increase but had signiﬁcantly reduced recovery
times following human approach (Repeated measures ANOVA, within-subjects factor
recovery time: F1, 9 = 5.34, p = 0.046). The factors sex, character (aggressive or frozen),
and previous experience with humans (bled or non-bled) were important predictors of
individual habituation potential (Repeated measures ANOVA, full factorial model, withinsubjects factor sex: F1, 2 = 21.33, p = 0.044 (Fig. 3.3.1 a); character: F1, 2 = 18.04, p = 0.051
(Fig. 3.3.1 b); experience: F1, 2 = 18.72, p = 0.049 (Fig. 3.3.1 c); none of the interaction
terms were signiﬁcant). Females showed a signiﬁcantly lower maximum heart rate increase
than did males (Repeated measures ANOVA, between subjects factor sex: F1, 10 = 9.30,
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p = 0.012) despite similar RHR (F1, 10 = 0.41, p = 0.536), but needed signiﬁcantly longer
to recover after the ﬁrst experiment (t1, 10 = 3.01, p = 0.013, Repeated measures ANOVA,
between subjects factor sex: F1, 2 = 25.34, p = 0.037; Fig. 3.3.1 a, 3.3.2). However, after ﬁve
days of habituation females exhibited signiﬁcantly reduced recovery times, whereas the
heart rate response of males had changed little (Fig. 3.3.1 a). Irrespective of sex, there was
a general underlying trend that frozen birds, although initially showing a slightly stronger
heart rate response to human proximity, tended to have lower maximum heart rates and
considerably reduced recovery times after the second experiment, whereas aggressive
conspeciﬁcs showed a less ﬂexible stress response pattern (Fig. 3.3.1 b). Individuals that
had been part of a research project, involving frequent nest checks and repeated blood
samples of attending birds several years prior to our study, were less likely to habituate,
whereas birds without such prior experiences readily habituated (Fig. 3.3.1 c).
The greatest reductions in recovery time were observed in frozen, non-bled females
(Fig. 3.3.2). Birds that had been previously bled (excluding frozen females) needed even
longer to recover following supposed “habituation” than during the initial experiment
(Fig. 3.3.2). Hence, previous experience of bleeding was also an important betweensubjects factor (F1, 2 = 42.15, p = 0.023). However, frozen birds appeared to be able to
distinguish between visits for habituation purposes from previous human visits that
involved blood sampling, whereas aggressive penguins that were once bled did not
show any signs of habituation (Fig. 3.3.2). They also responded stronger than non-bled
aggressive conspeciﬁcs. The interaction term character*experience was found to be a
signiﬁcant between-subjects factor (Repeated measures ANOVA: F1, 2 = 22.17, p = 0.042).
All other interaction terms were not signiﬁcant.
Yellow-eyed penguins share their incubation duties more or less evenly amongst sexes. The
time between HR recordings before and after “habituation” varied between 5 and 13 days.
Using the number of days between the two experiments as covariate yielded no signiﬁcant
results (Repeated measures ANOVA: F1, 12 = 0.95, p = 0.358). The number of times a bird
had been bled had no effect on any of the models, nor did any other historic disturbance
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experience (such as logger or ED deployments or antibiotic treatment of chicks), or total
numbers of researcher encounters or age of the bird yield any signiﬁcant results.
Only two moderately ﬂighty birds were included in the habituation protocol. They lost
contact with the ED during much of the initial experiment and thus did not yield analysable
HR data. However, both were more approachable after the ﬁve-day habituation protocol
with one bird (that allowed the recording of the complete HR response) showing an
average HR increase and an unusually quick recovery (35 s) after the person had left the
nest.

3.3.4. Discussion

We studied individual differences in Yellow-eyed penguin behaviour and heart rate (HR)
response to a standardised human disturbance experiment. Initially, recovery times varied
according to sex and character with frozen and ﬂighty females needing longest to recover
from human approach. After a ﬁve-day habituation protocol we found sex, character and
previous bleeding experience to be important predictors of habituation potential: Frozen
individuals appeared to adapt more readily to human disturbance than did aggressive
birds; females had greatly reduced recovery times after the second disturbance experiment,
whereas most males (although they initially recovered more quickly than females) showed
a less ﬂexible stress response pattern; and individuals (apart from frozen females) that
were bled several years prior to our experiments showed even increased recovery times
after supposed “habituation”, while in non-bled birds recovery times after the second
disturbance experiment were signiﬁcantly reduced.
In most ecological studies differences in conspeciﬁc individuals are treated as variation
around an adaptive mean. However, individual variation in behaviour and physiology is a
driving force for natural selection: pressures that act on individual ﬁtness cause differences
in reproductive success and survival. The realisation that ecological traits differ between
individuals is not new but has been under-appreciated (Bolnick et al. 2003). Conservation
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management now emphasizes preserving intra-speciﬁc variation (Moritz 1994; Smith et
al. 2001), although, usually focussing on morphological or genetic variation of uncertain
functional or selective value (Vogler & Desalle 1994; Petit et al. 1998). There is, however,
growing interest in inter-individual differences in behaviour and physiology within an
ecological context (Armitage & Van Vuren 2003; Réale & Festa-Bianchet 2003; Dall
et al. 2004; Dingemanse et al. 2004; Sih et al. 2004 a, b; Both et al. 2005; Bell & Sih
2007). Such research will have implications for species conservation where appropriate
management should consider the needs of the most vulnerable individuals in a population.

Initial differences between individuals

Male Yellow-eyed penguins reached signiﬁcantly higher maximum HR values than
females, despite similar resting heart rate (RHR) prior to disturbance. The same has been
observed in wandering albatross, Diomedea exulans, where males reacted more strongly
than females prior to handling (Weimerskirch et al. 2002). Male Yellow-eyed penguins
appear to be better prepared for active nest defence than females despite individual (withingender) differences in behavioural response to a human intruder. Males may show a
positively biased response since the beneﬁts of being prepared for agonistic interactions are
likely greater than the costs of unnecessary preparation.
Female wandering albatross needed longer to recover following handling than did males
of the same species (Weimerskirch et al. 2002)and female Great tits, Parus major, tended
to show a less marked decrease in respiratory rate measured 5 minutes after capture while
males appeared to recover more quickly (Carere & Van Oers 2004). Similarly, female
Yellow-eyed penguins initially needed signiﬁcantly longer than males for their HR to
drop to RHR levels after experimental disturbance. From an evolutionary and ecological
perspective this makes sense. Despite external similarities, size dimorphism between sexes
is marked in penguins, with males being larger and heavier than females, indicating that
males may be more likely to engage in intra-speciﬁc competition for mates and nest-sites.
Hence, it would be advantageous for males to recover quickly after stressful encounters,
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whereas in females selection pressure may not strongly favour quick recovery. Despite
their solitary nature, the annual hormone cycle of Yellow-eyed penguins closely resembles
that of colonial penguin species where direct interactions between males are more frequent
and include physical encounters (Cockrem & Seddon 1994).
Despite differences in stress responses between male and female Yellow-eyed penguins,
behavioural response to a human intruder (character) was independent of sex. Individual
differences have been extensively investigated in Great tits representing one of the most
complete and comprehensive examples of the ecological importance of animal personality
(see Réale et al. 2007 and references therein). Carere & Van Oers (2004) measured
breathing rate and body temperature in great tits and found that bold birds (fast explorers)
recovered more quickly from capture stress than their shyer conspeciﬁcs (slow explorers).
Bold great tits were also quicker to attack a conspeciﬁc intruder and scored a signiﬁcantly
higher attack rate (Carere et al. 2004). Similarly, we found that aggressive penguins
initially recovered faster from experimental human approach than did frozen and ﬂighty
individuals.
Aggressive females were able to recover after stressful human encounter as quickly as
most males did, whereas females categorised as frozen or ﬂighty needed signiﬁcantly
longer to recover. Prolonged recovery time after stressful experience has been observed
repeatedly in timid individuals (classiﬁed as long attack latency/ reactive copers; Veenema
et al. 2003; Carere & Van Oers 2004). However, we were surprised to ﬁnd this difference
only in females whereas males, irrespective of their character, showed a similar quick
recovery (less than 10 minutes after the experimental disturbance). An explanation may
be the inherent difﬁculties in studying timid individuals (Wilson et al. 1994). The single
ﬂighty male that needed more than half an hour to recover could be representative of the
more timid part of the population.
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Consistency of response

Individual Yellow-eyed penguins were consistent in their behaviour and HR response
over two consecutive breeding seasons, with sex and previous experience being predictors
of individual differences in recovery time. Individuals are commonly consistent in their
response to the same environmental stimulus (e.g. Gosling 2001; Dingemanse & Réale
2005; Swartberg et al. 2005; Kralj-Fiser et al. 2007). This consistency is one of the
prerequisites for deﬁning personality traits. Stage of breeding can have an important effect
on individual behaviour. For example, Adélie penguins, Pygoscelis adeliae, attending
large chicks late in the season will ﬂee if approached to ~ 6m, whereas when chicks are
young the attending adult will tolerate human approach to within 1m from the nest-site,
and birds not tied to a nest show much more marked avoidance behaviour (Wilson et al.
1991). We observed similar patterns in Yellow-eyed penguins which became generally
more aggressive towards an approaching human when the chicks had hatched. Then even
extremely ﬂighty birds were more protective and did not readily abandon their nest. With
increasing chick size and hence chicks’ ability to survive without an attending parent
individual birds returned to their initial behavioural response pattern during routine
nest-checks. Hence, when estimating repeatability of responses it is important to study
individuals during a deﬁned stage of the breeding cycle.

Habituation potential

Higher tolerance levels of penguins that have been frequently exposed to human activity
have been reported in several studies. For example, African penguins, Spheniscus
demersus, showed reduced responses following regular disturbance on landing beaches
(van Heezik & Seddon 1990), behavioural responses of Gentoo penguins, Pygoscelis
papua, to visitation were signiﬁcantly stronger in off-station colonies (Holmes et al. 2006),
and Magellanic penguins at Punta Tombo responded less in tourist-exposed parts of the
colony (e.g. Yorio & Boersma 1992). However, recorded differences in tolerance may be
the consequence of shyer individuals leaving an area or failing to reproduce. In a breeding
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area regularly traversed by humans very few Humboldt penguins occupy nests despite
abundant nesting opportunities (Ellenberg et al. 2006, Chapter 2.1); and lower nesting
densities and lower variability of stress response in a tourist area lead Fowler (1999)
to suggest avoidance behaviour rather than habituation may have caused the reduced
hormonal stress responses of Magellanic penguins in the tourist area.
Individuals may vary in their ability to habituate to human disturbance (e.g. Alaskan brown
bears, Ursus middendorfﬁ, Olson et al. 1997). However, few studies (mostly in humans)
have aimed to understand the reasons why individuals differ in their ability to habituate and
results are far from conclusive (c.f. LaRowe et al. 2006). In Eastern chipmunks, Tamias
striatus, the rate of habituation to a hole-board test or to handling did not differ between
individuals (Martin & Réale 2008). In contrast, the potential of Yellow-eyed penguins to
habituate to repeated short and consistent approach by a single person varied individually
according to sex, character and previous experience with humans.
Initially, females needed signiﬁcantly longer to recover from human approach than
males, however, after 5 days of habituation recovery times were signiﬁcantly reduced
and comparable to that of males. Desforges and Wood-Gush (1975) found that Aylesbury
(domestic duck) females, Anas platyrhynchos, habituated faster than males to a novel
stimulus in their home pen. A similar difference between sexes in reaction to a novel
stimulus has been reported for deermice, Peromyscus maniculatus (Price 1970). Lighter
female Yellow-eyed penguins, particularly after egg laying, may have to conserve energy,
hence, females may adapt quickly to a stimulus they perceive as “non-life-threatening”.
When trying to habituate male Ring doves, Streptopelia risoria, to test for stimulus
and response speciﬁcity, Vowles and Prewitt (1971) observed that fearful individuals
habituated quickly, whereas aggressive individuals needed almost twice the number of
trials to reach their habituation criterion, and one aggressive individual that was exposed
to more than 400 trials never habituated. Carere et al. (2004) described in great tits slow
explorers (timid) as reactive copers that showed a relatively high degree of behavioural
plasticity, whereas fast explorers (aggressive, proactive) were found less ﬂexible. This
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is in line with similar studies on rodents (Benus et al. 1988, 1990, 1991; Koolhaas et al.
1999). Behavioural differences between shy and bold individuals were reﬂected by stress
physiology (Koolhaas et al. 1999; Veenema et al. 2003).
In general timid individuals appear to be more observant and more prone to change on
the basis of experiences, whereas aggressive individuals are more likely to form routines
(Koolhaas et al. 1999; Groothuis & Carere 2005; Quinn & Cresswell 2005; but compare
Frost et al. 2007). This would explain why Yellow-eyed penguins classiﬁed as frozen
(although responding more strongly initially) habituated more readily than did aggressive
individuals. It may also explain why many frozen penguins were able to habituate to
careful human approach even if they had been previously bled, whereas aggressive birds,
that had experienced humans negatively showed even stronger responses after supposed
habituation.
Taking a blood sample must have been perceived as negative experience, whereas handling
per se (e.g. during banding, band ﬁxing or logger deployment) did not result in similar
changes in habituation potential. A one-off experience can provoke long lasting changes,
for example exposing the European minnow, Phoxinus phoxinus, brieﬂy to a model pike
at the age of two months heightened the response to predators 24 months later (Magurran
1990). Similarly, stressful human-mediated experience during the ﬁrst week after hatching
sensitised Rock partridges, Alectoris graeca, and resulted in stimulus-speciﬁc avoidance
behaviour that was maintained in adult birds tested ﬁve months later (Zaccaroni et al.
2007). We were surprised that taking a blood sample should have such a long lasting
effect, whereas other research procedures involving handling for a similar period of time
did not. Taking blood samples per se may not have been responsible for the profound
change in habituation potential. All bled birds in our study group were previously exposed
to an invasive research project (with up to 60 visits at a nest per season) that involved
taking blood samples. It is clear that the nature of previous experiences with humans is an
important factor in the habituation potential of an individual.
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Evolutionary Implications

Recently, contemporary evolutionary change in personality during captive breeding for
reintroduction programmes has been identiﬁed as mayor concern for species conservation
(McDougall et al. 2006). Findings in Yellow-eyed penguins suggest the same is happening
in the wild, where frequent human disturbance at under-managed breeding sites may act
as an evolutionary selective pressure favouring frozen individuals (Ellenberg et al. 2007,
Chapter 3.1). Non-aggressive and cautious animals waste less energy during stressful
encounters (Korte et al. 2005, and references therein) which might be particularly
important at frequently disturbed sites. Additionally, nests attended by frozen individuals
may be less obvious and hence less easily discovered by humans, as was found by Carillo
& Aparicio (2001) for Eurasian kestrels, Falco tinnunculus. Furthermore, non-aggressive
individuals are thought to be more ﬂexible in their stress response pattern (Koolhaas et
al. 1999; Groothuis & Carere 2005; Quinn & Cresswell 2005) and appear to habituate
more easily to human proximity than their more aggressive conspeciﬁcs. Together this
may explain the relatively higher ﬂedgling weights we observed in chicks raised by frozen
parents (Ellenberg et al. 2007, Chapter 3.1). Fledgling weights are linearly correlated with
survival and recruitment probabilities (McClung et al. 2004). The underweight ﬂedglings
of aggressive parents exposed to unregulated tourism stand little chance of surviving their
ﬁrst year at sea.
Given that ecotourism is one of fastest growing segments in tourism industry (Page &
Dowling 2002) pressures on charismatic species such as penguins are likely to increase.
Even if breeding success is not immediately affected at tourist-exposed sites, differential
survival of ﬂedglings could lead to a loss of aggressive individuals from the population.
However, such birds may be better able to cope with other environmental challenges, for
example when facing a real predator or changes in their marine environment. Maintenance
of the genetic diversity underlying variance in personality is potentially crucial, not only
for reintroduction success (McDougall et al. 2006), but also for long-term viability of
populations in the wild.
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Management implications

Habituation appears to require a maximum of predictable low-level disturbance, although
what “low level disturbance” actually is appears to depend on species, location and even
individual. Whereas Magellanic penguins habituated to standardised daily visits at close
proximity (< 5m), Humboldt penguins did not habituate to the same person passing at 20m
or 50m from the nest (Ellenberg et al. 2006, Chapter 2.1). Yellow-eyed penguins, although
being a timid penguin species, show some potential for habituation to repeated short and
consistent disturbance. We tested habituation potential to approach by a single person, but
because the effects of disturbance are likely to increase with numbers of visitors (Beale
& Monaghan 2004) it is doubtful the birds would readily habituate to groups of people
approaching the nest-site.
The growth of nature-based tourism is expected to continue, hence it is important not only
for ecological but also for economic sustainability to minimise any associated human
impacts. While we encourage the identiﬁcation and protection of key conservation areas,
we believe that well managed visitation of even rare and endangered wildlife can have
a positive feedback for conservation. However, the intensive management required to
avoid negative impacts of nest-site visitation is not feasible at most Yellow-eyed penguin
breeding areas. Tourists should be encouraged to book guided tours at appropriately
managed breeding colonies e.g. where well-informed visitors watch habituated penguins
at close range from hides and covered trenches (Ratz & Thompson, 1999). Considering
the extreme initial stress response of most Yellow-eyed penguins to a single approaching
human and the large individual differences in habituation potential, we recommend that
for the majority of Yellow-eyed penguin breeding areas nest-site visitation is restricted to
research and monitoring only. As some individuals may never habituate we would employ
the precautionary principle and reduce nest-site visitation to a minimum.
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78 ± 10 (14)
F1, 28 = 0.06, p = 0.811

78 ± 12 (12)
77 ± 10 (10)
77 ± 9
F2, 27 = 0.03, p = 0.976

F5, 24 = 0.07, p = 0.996

Female

(Factor Sex)

Aggressive

Frozen

Flighty

(Factor Character)

(Corrected Model)

(8)

77 ± 11 (16)

Male

RHR (bpm)

(8)

(10)

(12)

F5, 24 = 2.588, p = 0.052

F2, 27 = 0.88, p = 0.428

196 ± 27

198 ± 27

192 ± 22

F1, 28 = 9.72, p = 0.005

184 ± 23 (14)

205 ± 23 (16)

HRmax (%RHR)

F5, 21 = 4.23, p = 0.008

F2, 24 = 3.55, p = 0.047

645 ± 467 (6)

641 ± 316 (10)

419 ± 222 (11)

F1, 25 = 13.05, p = 0.002

707 ± 372 (13)

408 ± 204 (14)

recovery time (s)

Table 3.3.1. Despite similar resting heart rates (RHR), individual Yellow-eyed penguins differed signiﬁcantly in the
maximum heart rate increase (HRmax) during human proximity and the time needed for recovery after experimental
human approach. Data is given as mean ± SD (sample size). One outlier was removed from the data set for this
analysis, a ﬂighty male that needed more than half an hour for recovery.
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Figure 3.3.1. Habituation potential of Yellow-eyed penguins
(measured by comparing the response to experimental human approach
before and after a ﬁve-day habituation protocol) differed signiﬁcantly
between individuals depending on sex (a), character (b) and previous
experience with humans (c). Error bars represent standard error of the
mean, for each experiment sample size is given in brackets.
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Figure 3.3.2. Recovery times of Yellow-eyed penguins before and after a ﬁve day
habituation protocol. Individuals differed signiﬁcantly in their habituation potential
to short and consistent approaches by a single known person. While sex was initially
an important predictor for recovery time, differences in habituation potential can only
be understood when considering individual character and previous experiences with
humans. The points represent means of measured responses. Error bars were omitted
for better readability.
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SECTION 4

Concluding Discussion

“The more you know, the quicker you learn”
(adapted from Dorothy Tse)

4. Concluding discussion

4.1. Lessons learned
We have only just started to realise the complex and subtle effects of prolonged exposure
to stress on susceptibility to diseases, fertility and life expectancy. Secondary effects
of human disturbance on target species via complex ecological networks, positive
enforcements and multiple stressor interactions are poorly understood. And we still
have very limited understanding about what drives habituation or sensitisation in wild
populations. Even the mere fact of being watched can increase heart rate and stress
hormone levels and accumulating energetic costs of human disturbance may act as
evolutionary selective pressure favouring individuals or species that are less sensitive to
disturbance related effects. Today, we know, the impact of human disturbance depends
on type of disturbance (e.g. number or behaviour of humans) and visibility (habitat and
topography), is species-speciﬁc, and varies intra-speciﬁcally with individual temperament,
sex, age, condition, current behaviour, time of day, stage of breeding, group size, distance
to conspeciﬁcs and previous experience with humans. Appropriate visitor management
must therefore consider a great range of factors at site- and species-speciﬁc levels.

4.1.1. Species-speciﬁc disturbance responses

Even closely related species, such as Humboldt and Magellanic penguins, may respond
very differently to human proximity depending on a range of factors we are just beginning
to appreciate (Ellenberg et al. 2006, Chapters 2.1, 2.2). Gentoo penguins have long been
recognised as a relatively timid penguin species (e.g. Benetts 1948; Bost & Jouventin
1990). Recently, researchers have demonstrated that guarding Gentoo penguins show
signiﬁcantly stronger behavioural responses to pedestrian approach than do guarding King
or Royal penguins on the same island (Holmes 2007; Holmes et al. in press). Interestingly,
the single occasion when experimental human approach resulted in chick abandonment
was observed in a King penguin, a supposedly more robust species towards human
disturbance (Holmes 2007). This indicates the complex factors that inﬂuence disturbance
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responses and the necessity for a precautionary management approach. As behavioural
reactions are often unreliable indicators of the level of stress being experienced (Seddon &
Ellenberg 2008, Chapter 2.2), I focused on physiological measures to determine differences
in disturbance response between species.
Intensity of heart rate increase and time needed for recovery vary between species and
appear to depend on a range of factors including the breeding biology and historical
experiences with humans. For example, Snares penguins, which are essentially naïve to
humans, showed comparatively little response to human proximity. In some birds, the
heart rate dropped back within range of the previously measured resting heart rate even
while a person remained at only 2 m distance from the nest. This may be explained by
two factors, ﬁrstly, the dense colonial breeding environment of Snares penguins (with
neighbouring nests just out of pecking range) where frequent stimulation by conspeciﬁc
activity may favour quick recovery after a stressful experience and avoid problems
associated with chronic stress; and secondly, historically little contact with people (Chapter
2.2). In comparison, solitary nesting Yellow-eyed penguins show a much greater heart
rate response to human proximity (Ellenberg et al. in press, Chapter 3.3; Ellenberg &
Seddon, in review, Chapter 3.2); and Humboldt penguins, which were hunted by coastal
communities for more than 11,000 years (e.g. DeFrance et al. 2001; Simeone & Navarro
2002) and which are still exploited for food and bait in some areas (BirdLife International
2008), can be regarded as the most timid penguin species studied thus far. Humboldt
penguin heart rates increase in response to people visible even 150 m away, with recovery
times of up to 30 minutes after careful human approach and little evidence of habituation
potential (Ellenberg et al. 2006, Chapter 2.1).
Prolonged hunting pressure is likely to select for shyer individuals that are cautious
of human approach (Ellenberg 2006, Chapter 2.1). Hence, some species, such as the
Humboldt penguin, appear less suitable for eco-tourism ventures than others that not have
been exposed to a similar evolutionary selection. For example, Little penguins in Australia
have no (or little) history of human predation as they usually nest at inaccessible sites
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and co-exist with more palatable and abundant shearwaters (Peter Dann pers. comm.) this
could explain why they seem to be comparatively little affected by human presence.
On the other hand, various subantarctic penguin colonies, which are now important tourism
destinations, experienced mass exploitation by early explorers, whalers, sealers and
particularly the penguin oil industry in the 19th Century. So far there are no comparative
studies between species or populations and potential implications of historic harvest on
contemporary disturbance responses – a gap that would be interesting to close.
King penguins that were nearly exterminated on Macquarie Island (Terauts & Stewart
2009) now appear comparatively robust to human disturbance on the same island (Holmes
2007). One possible explanation could be that during the days of the oiling industry entire
colonies were herded into the kettles over a short period of time, whereas other colonies
were spared due to difﬁculty of access. Hence, compared to indigenous exploitation or the
occasional voyage provisions the short lived and efﬁcient oil industry probably allowed
little room for evolutionary selection of shyer individuals within a population.
Hence, the historical and contemporary experiences with humans appear to be an important
factor to consider when selecting a population or species for future tourism development or
aiming to improve current management practice.

4.1.2. Intuition provides a poor guide for human disturbance impact

Without any overt behavioural response, Humboldt penguin maximum heart rate increases
during human approach are comparable to those observed in the same species while
running (Bulter & Woakes 1984), a highly energy consuming behaviour for penguins
(Pinshow et al. 1977). Hence, externally manifest stress is a poor guide to the actual impact
of human proximity or activity. Measuring heart rate response to disturbance provide an
objective and powerful tool to evaluate the relative severity of different disturbance stimuli
(Ellenberg & Seddon, in review, Chapter 3.2).
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Angle of approach has been shown to be an important factor for mediating a disturbance
response, with direct approaches apparently being perceived by animals as more dangerous
(e.g. Burger & Gochﬁeld 1990, 1991; Martin et al. 2004). In Humboldt penguins a direct
approach elicited a signiﬁcantly stronger heart rate response than did walking past the
bird, and the relative severity of disturbance stimuli declined with increasing distance
from the nest (Ellenberg et al. 2006, Chapter 2.1). Interestingly, penguins appear to be
more sensitive to visual stimuli: a person walking past the nest at 20 m distance, but out
of sight, provoked a similar heart rate response to that of visible passes at 100 m and
more (Ellenberg et al. 2006, Chapter 2.1). Because degree of visibility appears strongly
to inﬂuence stress response, making use of natural visual barriers provided by habitat and
topography may greatly reduce the impact of human visitation.
Human disturbance acts on top of other human-derived or natural challenges penguins
have to cope with. My studies have shown that human disturbance is energetically
costly for the birds, more so than most stimuli experienced naturally in their breeding
areas (Ellenberg et al. 2006, Chapter 2.1; Chapter 2.2; Ellenberg & Seddon, in review,
Chapter 3.2). This is supported by Nick Holmes and colleagues (2005) who observed
that experimental approaches to within 5 m, the current minimum approach guideline for
tourists, provoked heart rate increases in Royal penguins on Macquarie Island, which were
greater than those measured in response to predatory skua overﬂight. In the few instances
I measured a natural stimulus causing a heart rate increase similar to that during human
approach (i.e. the proximity of an aggressive conspeciﬁc or a returning partner), it took
less than one minute, sometimes only seconds, for the penguin to recover (Ellenberg et al.
2006, Chapters 2.1, 2.2; Ellenberg & Seddon, in review, Chapter 3.2). In comparison, after
direct human approach the birds always needed substantially longer for recovery than after
most natural stimuli. One of the rare examples, where a natural disturbance event resulted
in a recovery time similar in length to what was needed after human proximity, is that
of conspeciﬁc aggression where the attending female was physically attacked by a nonbreeder over a prolonged period of time (Chapter 2.2).
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Even a single one-off disturbance or a series of low-key disturbances can have farreaching impacts that are often not discernable to the people involved (Buckley 2004).
Stimuli we subjectively would classify as low impact may be perceived quite differently
by the affected animals. The slow and careful presence of a wildlife photographer elicited
signiﬁcantly higher metabolic costs than those from an entirely motionless human spending
the same time at the same distance, or even from a routine nest-check that involved lifting
a bird up to view nest contents (Ellenberg & Seddon, in review, Chapter 3.2). The subtle
costs of what we assume to be only minor human disturbance can accumulate (Moberg
2000; Teixeira et al. 2007) and ultimately may be responsible for the reduced breeding
success and lower ﬂedgling weights observed at more frequently visited sites (Giese 1996;
Ellenberg et al. 2006, Chapter 2.1; Ellenberg et al. 2007, Chapter 3.1).

4.1.3. Habituation versus sensitisation

Higher tolerance levels by penguins that have been frequently exposed to human activity
have been reported in several studies. For example, African penguins showed reduced
responses following regular disturbance on landing beaches (van Heezik & Seddon
1990), behavioural reactions of Gentoo penguins to visitation were signiﬁcantly stronger
in off-station colonies (Holmes et al. 2006), and Magellanic penguins at Punta Tombo
responded less in tourist-exposed parts of the colony (e.g. Yorio & Boersma 1992).
However, recorded differences in tolerance may have been the consequence of shyer
individuals leaving the area or failing to reproduce: In a former breeding area regularly
traversed by humans very few Humboldt penguins occupied nests despite abundant nesting
opportunities (Ellenberg et al. 2006); and lower nesting densities and lower variability of
stress response in the tourist area lead Fowler (1999) to suggest avoidance behaviour rather
than habituation may have caused the reduced hormonal stress responses observed in the
tourist area.
Habituation can be deﬁned as a “reduced response to repeated stimulation not attributable
to fatigue or sensory adaptation” (Domjan 2003). Brian Walker and colleagues
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demonstrated for the ﬁrst time the habituation of individual Magellanic penguins
to repeated short and consistent human presence (Walker et al. 2006). During their
experiments the behavioural responses of naïve penguins to human proximity dropped
within 10 days to the levels measured in tourist-exposed birds (Walker et al. 2006).
Interestingly, the physiological stress response did not exhibit a decline of similar
magnitude. In contrast, Yellow-eyed penguins appear to have been sensitised by human
disturbance and show stronger heart rate and hormonal stress responses at a breeding site
exposed to unregulated tourism compared to a nearby undisturbed area (Ellenberg et al.
2007; Chapter 3.2).
Factors that facilitate habituation or sensitisation in wild populations are not well
understood. Differences in habituation potential to human proximity may be partly
explained by the species’ disturbance history, i.e. if the species was hunted and hence
selected for individuals that recognise an approaching human as a signiﬁcant predator (e.g.
Humboldt penguins; Ellenberg et al. 2006) or is essentially naïve to humans (e.g. Snares
penguins; Chapter 2.1). However, even one-off experiences can provoke long lasting
sensitisation (e.g. Maloney & McLean 1995), which is now well recognised and employed
during anti-predator training to enhance post release survival during reintroduction or
translocation procedures (van Heezik et al. 1999; Grifﬁn et al. 2000).
I was able to show that individuals differ in terms of their initial stress response and
habituation potential. In Yellow-eyed penguins, recovery times varied initially according to
sex and character, with frozen and ﬂighty females needing longest to recover from human
approach (Ellenberg et al., in press, Chapter 3.3). Following a ﬁve-day habituation protocol
sex, character and previous experience with humans were found to be important predictors
of habituation potential: Frozen individuals appeared to adapt more readily than did
aggressive birds; females showed more ﬂexible stress response patterns than males; and
birds which were exposed to research, that involved frequent interactions at the nest-site
including blood sampling several years prior to habituation experiments, were less likely to
habituate (Ellenberg et al., in press, Chapter 3.3).
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Habituation is thought to be stimulus speciﬁc and seems to require frequent and consistent
low-level disturbance (Domjan 2003). Unpredictable human activity caused by unregulated
tourism likely favours sensitisation. However, even in regulated settings it remains to
be determined what “low-level disturbance” actually is. The intensity of a disturbance
response to the same stimulus appears to depend on location, species and even individual
(Ellenberg et al. 2006, Chapter 2.1; Chapter 2.2; Ellenberg & Seddon, in review, Chapter
3.2.; Ellenberg et al., in press, Chapter 3.3). Whereas Magellanic penguins habituated to
standardised daily visits at close proximity (< 5 m), Humboldt penguins did not show any
signs of habituation to the same person passing at 20 or 50 m from the nest (Ellenberg et
al. 2006, Chapter 2.1). Thus, habituation by penguins to even apparently minor human
disturbance cannot be assumed.
Habituation of disturbed wildlife cannot, therefore, constitute a goal for wildlife
management (as suggested by Nisbet 2000) but does need to be carefully considered
(Seddon & Ellenberg 2008; Ellenberg et al. in press, Chapter 3.3; Holmes et al. in press) in
order to gain a better understanding of the factors that mediate habituation and sensitisation
in wild populations.

4.1.4. Consequences of individual stress-coping styles

Individuals – humans and other animals – differ in the way they react to potential risks,
handle novelty, or interact with conspeciﬁcs (Bell 2007; Réale et al. 2007). Currently there
is scientiﬁc evidence for different personalities in more than 60 non-human animal species
ranging from squid to monkeys, ﬁsh and spiders (Bell 2007). The term personality (also
called temperament, behavioural syndrome or stress-coping style) refers to a coherent set
of behavioural and physiological stress responses which is consistent over time and which
is characteristic to a certain group of individuals (Koolhaas et al., 1999). This response
pattern to environmental and social challenges is usually irrespective of life history state,
sex or motivational state (Pfeffer et al., 2002). Personality has considerable heritable
components, however, environmental factors and individual experience likely play an
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important role in explaining animal behaviour, particularly in the wild (Dingemanse et al.
2002; Carere et al. 2005b).
I classiﬁed the character (or personality trait) of individual Yellow-eyed penguins in the
context of responses to risky but not new situations, such as an encounter with a predator
or human (compare Réale 2007). Individual character (ranging from frozen to aggressive)
was related to adult baseline corticosterone concentrations and correlated with ﬂedgling
weights at two breeding sites (Ellenberg et al. 2007, Chapter 3.1). Non-aggressive and
cautious animals waste less energy during stressful encounters (Korte et al. 2005, and
references therein) and appear to habituate more readily than their aggressive conspeciﬁcs
to human proximity (Ellenberg et al. in press, Chapter 3.3). Together this may explain
the relatively higher ﬂedgling weights we observed in chicks raised by frozen parents
(Ellenberg et al. 2007, Chapter 3.1). As ﬂedgling weights are linearly correlated with
survival and recruitment probabilities (McClung et al. 2004), the underweight ﬂedglings
of aggressive parents exposed to unregulated tourism stand little chance of surviving their
ﬁrst year at sea. Character has been shown to carry considerable heritable components;
hence, frequent human disturbance at under-managed breeding sites may act as an
evolutionary selective pressure favouring frozen individuals (Ellenberg et al. 2007, Chapter
3.1). The long-term consequences of this development remain to be determined, however,
the maintenance of the genetic diversity underlying variance in personality is generally
preferable as this is the prerequisite for evolutionary ﬂexibility to environmental challenges
(McDougall et al. 2006). Frozen birds may be better able to cope with human disturbancerelated effects; however, being frozen in the face of a real predator, such as a sea lion or
shark, may be a less favourable strategy.

4.1.5. Population level consequences of human disturbance

We are still at the very beginning of understanding the far reaching subtle and thus
difﬁcult-to-measure effects of human disturbance. Inter- and intra-speciﬁc differences
in disturbance response and ability to habituate appear to be important. For example,
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in Magellanic penguins breeding success was not affected in an area where visitors can
walk freely among nests and approach penguins to within a few meters of nest sites, on
occasion even touching the birds (Yorio & Boersma 1992), whereas a Humboldt penguin
colony exposed to visitors at close range had virtually no reproductive output (Ellenberg
et al. 2006, Chapter 2.1). However, even supposedly robust species can be affected by
human presence: on Montague Island, Australia, nesting density of Little penguins is
positively correlated with distance from footpaths (Weerheim et al. 2003); and nesting
density of Little penguins on a breakwater in Melbourne harbour is twice as high on the
part of the breakwater that has restricted human access (Giling et al. 2008). On the other
hand, for sensitive species tourism impacts can be negligible if visitors are managed
appropriately. At Port Lockroy, one of the ﬁve most visited sites by tour ships on the
Antarctic Peninsula, there is no evidence of tourism having any impact on Gentoo penguin
productivity (Cobley & Shears 1999), and on Cuverville Island visitor presence near
apparently well-adapted Gentoo penguin breeding groups has no effect on skua predatory
behaviour (Crosbie 1999). At Penguin Place, New Zealand, where well-informed visitors
watch Yellow-eyed penguins at close range from hides and covered trenches the rates of
food transfer and breeding success are unaffected (Ratz & Thompson 1999), whereas at
a neighbouring site essentially unregulated tourism is associated with reduced breeding
success and lower ﬂedgling weights in the same species (Ellenberg et al. 2007, Chapter
3.1). Such less obvious effects of human disturbance are easily overlooked. I showed
that higher levels of human visitation in Humboldt and Yellow-eyed penguin breeding
colonies were associated with reduced reproductive success not attributable to predation
or nest destruction. Conceivably, breeding failure has been caused by more subtle effects,
such as the accumulating energetic costs of human disturbance (Ellenberg et al. 2006,
Chapter 2.1; Ellenberg et al. 2007, Chapter 3.1). Human disturbance has the very real
potential to negatively affect on penguin populations (Seddon & Ellenberg 2008; Chapter
1.2). Fortunately the increasing interest from researchers and managers will enable us
to formulate more sensible site- and species-speciﬁc visitor management guidelines in
the future (Ellenberg et al. 2006, Chapter 2.1; Holmes et al. 2006; Ellenberg et al. 2007,
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Chapter 3.1; Seddon & Ellenberg 2008; Chapter 3.2, 3.3; Holmes et al. in press).

4.1.6. Summary

It is clear that any generic guidelines for managing penguin tourism, especially those based
on visible reactions to human proximity, run the risk of harmful impacts at both individual
and population levels. Even setback distances derived from conservative estimates for
one species may trigger signiﬁcant physiological responses with associated energetic
costs when applied to another species. Similarly, disturbance that may be tolerated at
certain stages of breeding may stimulate more extreme responses at other stages or sites,
and currently little is known about variability in responsiveness between the different
life stages. In addition, individuals of the same species and at the same stage of breeding
may react differently depending on their character, condition and previous experience
with humans. Habituation to disturbance is not assured, and we still know relatively little
about individual or inter-speciﬁc tendencies to habituation or sensitisation, or the form and
magnitude of stimuli involved.

4.1.7. Management implications

As a consequence it is neither feasible nor recommended to attempt to construct any
general “rules of thumb” to manage the impacts of human disturbance in relation to
penguin tourism. As penguin-focussed tourism has already increased by an order of
magnitude over the last decades and will almost inevitably continue to increase in scale, the
potential for serious population-level impacts will increase also, impacts that are additive
to all the other factors acting to reduce the viability of penguin populations. It is of concern
that nature-based tourism has extended into the most pristine environments, and that
visitors and tourism operators are turning their gaze to even the most rare and threatened
penguin species. There will inevitably be pressure from the tourism industry to open up
new areas and penguin viewing opportunities, and from tourists themselves to allow more
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people to gain closer access for penguin photo-opportunities. It is thus very important to
select sites that are to be promoted for tourism carefully to minimise potential disturbance
impacts. Ideally a site would be preprared prior to tourism development, however, the
following site-selection criteria can be applied retrospectively: How important is the site
for the focal species (proportion of population affected by tourist activities)? What other
species are present (which may be more susceptible to human disturbance than the focal
species, and/or which have an important stronghold at that particular site)? Presence
and/or abundance of opportunistic predatory species (ideally there will be few so as not
to exacerbate the direct impact of (misbehaving) tourists)? Can the physical setting be
used to minimise disturbance effects while enhancing visitor experience? In the light of
increasing tourist pressure improving the management of existing sites (where habituation
may have occurred or tourist activities may have selected for less sensitive individuals)
should have priority over opening up new sites. In addition, key conservation areas should
be identiﬁed and set aside for low impact monitoring only. Associated research will enable
the recognition of any consequences of human disturbance sufﬁciently early to allow
management changes to minimize negative effects at the population level; such adaptive
management would aim thereby to protect the tourism industry itself.
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4.2. Future research directions
For future research I see three major approaches that will be able to contribute considerably
to better understanding of human disturbance related impacts and to the improvement of
visitor management guidelines:
1.

“How can human disturbance effects be linked to population viability?” Long-term

population level studies will become increasingly important to disentangle the confounding
effects of human activity and other environmental variables, as well as for the better
understanding of secondary effects of human disturbance via complex ecological networks
and multiple stressor interactions.
2.

“How does human disturbance affect individuals?” An experimental approach

measuring short- and medium-term physiological, behavioural responses and associated
ﬁtness consequences to a range of human disturbance stimuli, while controlling for
other factors potentially affecting such responses, will help understanding the proximate
mechanisms of human disturbance effects (following the example of this study) and can
provide the basis for anticipatory site- and species-speciﬁc visitor management guidelines.
3.

“How effective are current management decisions?” Management, based on

previous research, needs to be assessed in terms of effectiveness reducing human
disturbance impact and in terms of visitor acceptance. Management needs to stay ﬂexible
and adaptive to be powerful.
In the following I will look at these research approaches in more detail. Ideally, all
three approaches are combined to yield maximum information from multidisciplinary
perspectives.
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4.2.1. Importance of long-term population studies

Many factors affect penguin populations. Considerable inter-annual variability in nest
numbers or breeding success may be driven solely by natural environmental ﬂuctuations.
Penguins, as marine top-predators, have great potential to serve as indicator species for
large-scale environmental change (e.g. Lynnes et al. 2004; Boersma 2008). However,
for penguins to be a reliable indicator of natural or human derived changes we need to
be able to tease apart the great range of different stressors acting on wild populations
and understand complex ecological networks, positive enforcement or multiple stressor
interactions. Factors, such as disturbance impact resulting from visitor or researcher
interactions, need to be quantiﬁed and controlled to make penguin populations a suitable
indicator for, e.g. climate-driven environmental changes. Only long-term (decades)
monitoring of disturbed and suitable control sites, using consistent methodologies, will
provide the basis for evaluating population-level consequences of human disturbance.
Models are only as good as their data, so detailed high quality data is needed for reliable
analysis and understanding of the multiple factors acting on penguin populations. For
effective subsequent analysis great care has to be taken to choose a mix of appropriate
variables for monitoring population level changes (such as nest numbers, breeding success,
ﬂedgling weights, survival and recruitment, foraging parameters and range, baseline
corticosterone levels, health and immunocompetence) and to record in detail a great range
of other potential factors that may affect breeding populations (ranging from local and
larger scale climate parameters, nesting habitat and food availability to the abundance of
competitors or predators that may again be affected by human activities). Despite constant
growth of nature-based tourism such long-term studies have received little scientiﬁc
attention in recent years (de Villiers 2008).
Two recently published studies provide a template for future work. The population trends
of 735 Adélie penguin colonies at Wilkes Land, East Antarctica, were modelled over
more than 20 breeding seasons to disentangle the relative inﬂuence of human activity
from that of environmental variability. At the less visited sites, wind exposure and snow
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accumulation patterns correctly predicted population trends for most colonies, whereas
predictive accuracy of environmental variables was considerably reduced in an area
that was frequented by humans; here the proximity to human activity provided a better
explanation for the observed population trends (Bricher et al. 2008). In the second study,
the population of Gentoo penguins on Goudier Island, Port Lockroy, Antarctic Peninsula,
one of the most visited tourist sites in Antarctica, was assessed over 12 breeding seasons
(Trathan et al. 2008). Activity of visitors and visitation levels of different colonies had
not been formally recorded, and hence, could not be included into the analysis. However,
authors could compare six visited with four essentially undisturbed control colonies
and found, despite considerable inter-annual variability, that nest numbers had declined
signiﬁcantly in most of the frequently visited colonies, whereas nest numbers in control
colonies remained stable or even increased (Trathan et al. 2008). Interestingly, during two
seasons of major environmental perturbations the disturbed colonies appeared to be more
affected than control colonies. Furthermore, the latter were back to normal the season
following the most dramatic perturbation, whereas disturbed colonies did not recover to
a similar extent. Even in birds that are thought to have habituated to human visitation
additional stress associated with frequent visits may become apparent when environmental
conditions are less favourable.
Accumulating effects of human disturbance on e.g. health, fertility and survival will
become apparent only when long-term data sets are available. However, the proximate
reasons for the observed changes will be better understood when long-term population
monitoring is combined with targeted experimental studies.

4.2.2. Experimental approach for anticipatory management decisions

Long-term population monitoring can look at human disturbance impact only in
retrospect. To be able to formulate sensible anticipatory visitor management guidelines
an experimental approach focusing on individual stress responses will be most effective.
There are many approaches to measure human disturbance effects and appropriate tools
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depend on the circumstances and precise goals, and thus have to be carefully considered.
Ideally, several methods are used to quantify human disturbance effects to be able crossvalidate these measures and eventually link them to population viability (Tarlow &
Blumstein 2007). Behavioural responses, although helpful at times, are an unreliable
indicator of stress experienced (Seddon & Ellenberg 2008). Conservation physiological
approaches appear to be more successful (Wikelski & Cooke 2006). In a comparison of
seven methods to quantify human disturbance impact, measuring heart rate response was
ranked highest for precision and repeatability, followed by glucocorticoids (Tarlow &
Blumstein 2007).
It remains crucial to remove observer-related effects from the measured disturbance
response. The use of artiﬁcial eggs provides the least disturbing method to measure heart
rate responses in birds. However, despite the many advantages of this method there are
some limitations. Heart rate measurement is conﬁned to nesting birds during the incubation
stage, when birds readily accept and incubate an artiﬁcial egg within their own clutch.
Loud ambient noise levels, such as partner recognition calls or an over ﬂying aircraft,
may render heart rate analysis impossible. Furthermore, if a bird chooses to stand up and
respond behaviourally to a disturbing stimulus the heart rate signal is lost. Hence, results
of heart rate responses to experimental human disturbance are usually biased towards the
less timid individuals of a population. Ever smaller logger units are increasingly in use to
estimate the energy expenditure of free-ranging animals (e.g. Bevan et al. 2002; Green et
al. 2005a; Grémillet et al. 2005) and eventually may prove useful for future disturbance
studies. However, the handling and logger deployment may have an effect on subsequent
stress response to humans and thus usefulness of logger units needs to be considered case
by case.
Blood sampling requires capture and handling of an individual. To reduce the necessity
for repeated handling the maximum of information should be gained, including storage
of samples for DNA analysis, disease screening or measurement of haematocrit values
to check health status and nutritional condition. Blood smears provide via heterophils
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to lymphocytes ratios a simple and effective approach to measure the chronic stressors
that may be acting on an individual (Vleck et al. 2000). As a less invasive alternative
the measurement of faecal corticosterone derivates has become increasingly popular,
particularly for the study of endangered species (Wikelski & Cooke 2006). Additionally,
faecal samples represent a cumulative measure of hormones over a certain period of time
(the species-speciﬁc passage period from duodenum to rectum; Möstl & Palme 2002),
thus they may be best suitable for assessing and monitoring chronic stress (Ninnes et al. in
review). However, glucocorticoid concentrations may be species-speciﬁc and interpretation
of results may be confounded by a range of factors including seasonal and daily rhythms,
body condition, diet of the animal, animal status (i.e., social ranking, reproductive
status). Furthermore, sample storage and treatment techniques, sample age and condition,
and sample mass may affect results of faecal glucocorticoid metabolite measures;
therefore, much research effort still needs to be put into the building of reliable databases
and improvement of understanding of confounding factors affecting faecal hormone
concentrations (Millspaugh & Washburn 2004).
We are still far from fully penetrating the effects of human disturbance during different
life stages, or on individuals that differ in character, condition and previous experiences
with humans. Factors that drive habituation and sensitisation need to be better understood,
as well as the relative severity of various stressors and what constitutes “low-level
disturbance” for a certain species in a certain setting. Many tourism operations approach
penguin colonies from the sea, however, the effects of near-shore boat activity on penguins
has, to my knowledge, not been studied so far, despite the potential effects of boat
operations on penguin landing, travelling or foraging patterns. Even pedestrian approach,
which has been the major focus of attention in previous disturbance studies, still needs
much more work addressing the differences in visitor activity or group size and site- and
species-speciﬁc consequences.
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4.2.3. Effectiveness of visitor management guidelines

Measures to quantify human disturbance effects at the individual level can provide
important baseline information to deﬁne appropriate anticipatory management guidelines.
However, the actual effectiveness of such guidelines to reduce human disturbance impacts
needs to be assessed. For that we need detailed data of human use and activity at a
particular site. While accurate and reliable information about visitor numbers and activities
is essential not only for conservation management but also for adequate strategic and
operational planning, visitor monitoring has often been neglected even in well organised
settings such as in the national parks and protected areas of New Zealand (Cessford and
Burns 2008). Detailed high quality collection, processing and storage of visitor monitoring
data need to be sustained over time to provide reliable baseline data for visitor and
conservation management.
Only if reliable data about visitor numbers and behaviour are available can the
effectiveness of visitor management decisions be tested and related to conservation
priorities. Management options include information and education via signs or wardens,
promotion of certain access points, track quality and positioning, or temporal and spatial
restrictions on human activities. While many such measures to reduce human disturbance
effects are already in place, there is little information about the actual effectiveness of
such management decisions. Some simple questions that could be easily addressed: Are
signs read and does this affect subsequent visitor behaviour? Is there a difference in
visitor behaviour with and without the presence of wardens? Does a sign, e.g. stating that
dogs must be kept on a lead, result in more dogs being kept on leads than no sign? Is a
sign explaining such a measure better than one just stating the law? Documentation of
which management actions work and which do not work and why, would be invaluable
for improving the effectiveness of visitor management guidelines (Sutherland 2007). A
good example of how simple measures can reduce human disturbance impact is the work
of Pearce-Higgens et al. (2007): After improving the quality of a footpath the number of
walkers increased, however, fewer individuals left the path subsequently and thus human
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pressure on the surrounding habitat was reduced. Furthermore, concentrating visitor
movement along an established track and thus keeping it predictable likely facilitates
habituation.
Another important aspect of visitor management is the inﬂuence of guidelines on visitor
experience, satisfaction and educational beneﬁts that may encourage conservation related
activities (Sutherland 2007; de Villier 2008). This really is the ultimate goal for ecotourism,
not only to minimise human impact associated with tourism operations, but to encourage
environmental conservation efforts locally as well as to educate visitors in the hope they
will continue to support environmental conservation and social improvements upon return
to their home country. Only recently, research has revealed the gap between ecotourism’s
claims and its measured outputs, and has started to explore the linkages between tourism
operations’ characteristics and changes in visitor education and attitudes (e.g. Powel &
Ham 2008).
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4.2.4. Future research – a list of suggestions

Below I propose a list of research questions which, I believe, are important to understand
human disturbance related effects on penguins, and which have so far received little
scientiﬁc attention.

Population level effects and multiple stressor interactions

1.

Accumulating effects of human disturbance on immunocompetence, susceptibility
to disease, or fertility and consequences for survival and live-time reproductive
success.

2.

Secondary effects of human disturbance on target species via complex ecological
networks, potential interactions and positive enforcements.

3.

Human disturbance effects in the context of other threats such as ﬁsheries activities
and environmental change, as cumulative impacts of multiple stressors are very
poorly understood.

4.

Linking physiological and behavioural stress responses to population level
consequences via individual-based models.

5.

Population-level consequences of individual differences in stress coping styles.

Experimental approach: disturbance stimuli and disturbance responses

6.

Reﬁning current tools to measure human disturbance effects.

7.

More detailed information on site- and species-speciﬁc effects of visitor behaviour,
distribution, group size, approach distance, timing and frequency of visitation.

8.

Effects of various forms of transport, such as aircraft operation, other vehicular
activities, or near-shore boat activities on penguin physiology, behaviour,
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distribution (land- and sea-based) and demography.
9.

Effects of disturbance during the pre-laying period or during physiologically
demanding times such as during moult or other fasting periods.

10.

Variability of stress responses between different life stages.

11.

Mechanisms that drive habituation or sensitisation in wild populations.

12.

Factors affecting species-speciﬁc stress hormone concentrations such as seasonal
and daily rhythms, body condition, diet of the animal, life stage, sample storage and
treatment techniques, sample age and condition, and sample mass.

13.

Deﬁning “tell-tale” behaviours that indicate above-threshold disturbance in
different species and settings which could be promoted for visitor self-regulation.

Effectiveness of visitor management guidelines

14.

Effectiveness of management guidelines, visitor compliance with voluntary
guidelines, effects of information and signage, effects of guides or wardens
(optimal guide-tourist ratios?) or other reinforcement measures on visitor
behaviour and human disturbance related effects.

15.

Visitor satisfaction, educational and conservation beneﬁts in relation to
management guidelines in place.
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4.2.5. Local research perspectives

While penguins breeding in Antarctica are reasonably well researched, we know
comparatively little about penguin species breeding in more temperate regions. Yet these
are the penguins that are most exposed to unregulated human activity. For example,
Fiordland penguins (Eudyptes pachyrhynchus) are increasingly becoming a tourism
focus here in New Zealand. Anecdotal evidence suggests this species is relatively timid
when facing humans; hence, inappropriate visitor management may have undesired
consequences. However, we know extremely little about Fiordland penguins, not even the
basic biology or the population size. Little penguins (Eudyptula minor), on the other hand,
are apparently little affected by human proximity. It would be interesting to examine in
more detail the features that make some species sensitive to human disturbance, whereas
others are able to cope in human-disturbed habitats (compare Sol et al. 2002).
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4.3. Final thoughts
“The more you learn, the less you know.” This saying originates in ancient Greece and is
attributed to Socrates ‘ouk imae idenai, ah mae oido!’ which means directly translated:
“The more you know, the more you know you don’t know” or more freely “The more
you learn, the more you realise, you know very little.” Hence, it takes a certain amount of
learning to realise how ignorant you are. After having completed my PhD related studies, I
can certainly conclude that I am still quite ignorant about the effects of human disturbance
on penguins. There is a lot left to learn.
As human pressure on the Earth’s last wild areas will inevitably continue to increase,
we have to learn a lot very quickly to be able to minimise associated human impact. We
need more research and good cooperation with managers to develop appropriate visitor
management guidelines that will enable us to enjoy the great outdoors without negative
consequences for resident wildlife.
“The more you learn, the less you know”? I am glad to report that the ability to remember
(and penetrate) complex new information has been recently shown to depend on prior
knowledge of the subject (Squire 2007; Tse et al. 2007). So, really, it should read: “The
more you know, the quicker you learn”. I am hopeful my study can provide a framework
for quickly assimilating and organising new information on human disturbance-related
effects as they become available. My research on penguins may even contribute to the
better understanding of human disturbance effects on wildlife in general.
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CHAPTER 6

Appendix

6. Appendix I

6.1. Appendix I

6.1.1. Yellow-eyed penguin database issues

With more than twenty seasons of monitoring Yellow-eyed penguins (Megadyptes
antipodes) on the New Zealand mainland we have a treasure of data at hand. We
should make use of this treasure. Ideally, local population trends would be related to
environmental variables, such as climate, breeding habitat, predator trapping regimes,
oceanographic parameters, and human activity. Preliminary database analysis indicates, for
example, that research activities such as double banding and other interventions have had a
signiﬁcant impact on the survival of Yellow-eyed penguins breeding in the Boulder Beach
complex, Otago Peninsula. Unfortunately, however, the electronic Yellow-eyed penguin
database is currently not in any condition to allow more detailed analysis or reliable
conclusions on the subject.
I had hoped to determine the effects of different human activities and human disturbance
regimes on lifetime reproductive success and survival of Yellow-eyed penguins as one
of my thesis chapters; however, after thorough examination of the current database I had
to abandon this project. Unfortunately, I came to the conclusion that the existing data
base is full of errors and would therefore need considerable improvement (and more time
than I had to spare) before it could be analysed. I personally consider it unethical to draw
conclusions or even publish data using the existing database.
The example of Sandﬂy Bay nest numbers and ﬂedglings banded over recent years nicely
illustrates my concerns (Fig. 6.1.1). While nest numbers recorded in the database during
the 1980s and early 90s were between 0-3 nests, nevertheless a large number of ﬂedglings
were banded in the same area. In 1983, for example, 19 ﬂedglings were banded although
only a single active nest appears in the same database.
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Fig.6.1.1. Example of Yellow-eyed penguin database accuracy showing recorded nest numbers and
ﬂedglings banded at Sandﬂy Bay, Otago Peninsula, over the years (database version September
2007). Additionally, two old records of nest numbers at Sandﬂy Bay were found and included
(1959 Sharpe, 1966 Wildlife Service).

Data recorded in the current database has two major ﬂaws:
1. We still have no record of nest search or banding effort associated with the data - which
makes it difﬁcult to estimate how trustworthy certain records are.
2. At least in the early years, electronic data entry was not rigorous.
Furthermore, nest search success not only appears to depend on time spent searching (i.e.
people search hours) and weather conditions during search days, but also on personal
experience, motivation and previous knowledge of the area. For example, increasing nest
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numbers from 2003 (when I was ﬁrst involved searching Sandﬂy Bay) to 2005 are likely
to be a result of me getting more familiar with the area. At least one nest, which I found in
a previously unsearched area (expert commentary “don’t bother searching those shrubs,
there’ve never been penguins up there...”), had been there over several seasons and at
least two old nest bowls with considerable sign indicated successful chick rearing in the
past. This previously unknown breeding location possibly reﬂects a general trend of many
known pairs to move away from human activity and shift nest positions successively
further from increasing tourism pressure. So while the nine active nests recorded in 2002
may be an underestimate of actual nest numbers, the nests found in 2006 and 07 were only
found by putting in twice the nest search effort of previous seasons.
Fortunately, a recent decision by DOC may bring some consistency into ﬁeldwork as well
as electronic database maintenance. I truly hope, that future nest records will become
more reliable and that there’s scope to make the available historic data more trustworthy,
particularly the electronic version. Older entries need to be cross validated with paper
records and updated. A functioning and reliable database will not only provide better
understanding of human disturbance related impacts but will also allow investigation of
complex environmental challenges these penguins must deal with, thus providing a basis
for adaptive management strategies.
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6.1.2. Challenges of working with Yellow-eyed penguins

Technical issues - EDs or the challenges of working close to civilisation

To record heart rates during nesting routines and experimental disturbance in 2004 I
built six artiﬁcial Yellow-eyed penguin egg-shaped dummies (EDs) from glass ﬁbre and
polyester resin and soldered similar microphone and pre-ampliﬁer units which had proven
reliable with Snares penguins previous breeding season. A slightly different unit had been
already used successfully during my work with Humboldt penguins in Chile. First the good
news: the EDs were readily accepted by Yellow-eyed penguins and did not alter incubation
routines signiﬁcantly. But surprisingly, the EDs in their original set up did not function
with Yellow-eyed penguins. This was for two reasons: Yellow-eyed penguins are larger
than Snares and even Humboldt penguins resulting in a weaker heart beat signal than I was
used to. The (cheap) microphones I used initially were not sensitive enough to yield good
heart rate recordings. But this was revealed only after solving my main problem: radio
interference.
The Otago Peninsula is under inﬂuence of two very potent radio transmitters so I ended
up listening to a lot of radio (lousy quality that is) rather than heart beat. I suspected and
was prepared for radio interference as I never worked that close to civilisation before, i.e. I
brought adapters to use the highly shielded camera cables from the hidden camera system
– without success. In addition to the cable, the ED itself functioned as a radio receiver.
I spent several days experimenting including opening up one of the EDs changing the
circuits and shielding everything with aluminium foil - without success. After a promising
conversation with a sound-engineer from Strawberry Sound I started to experiment with
wireless units (VHF as well as UHF) from different manufacturers and I was able to
borrow four different (expensive) microphones to test under ﬁeld conditions. I decided to
use the ULXP series from Shure and the WL183 an omni-directional lavaliere condenser
microphone which is good in bass frequencies and nevertheless “affordable”. By that time
the incubation period was over and I was lucky to have a cooperative Yellow-eyed penguin

243

6. Appendix I
incubating an infertile egg where I could test the ﬁnal unit.
The system was ordered and adapted by Strawberry Sounds to suit ﬁeld conditions. With
this new system the limiting factors were battery power for transmitting and receiving units
as well as receiver set up particularly during inclement weather. Nevertheless, I was able
to obtaine heart rate and hidden camera recordings for a good range of human disturbance
experiments as well as for many natural behaviours including one partner change over
(compare Chapters 3.2 and 3.3).

Technical issues - surveillance cameras
After successful trials of the two Toshiba IKWB-11A dome-camera units in the ofﬁce
and in the ﬁeld (Mid Section) I decided to monitor beach behaviour and landing patterns
of Yellow-eyed penguins with these cameras rather than using human observers (despite
a good list of volunteers) to reduce organisational effort and inter-observer reliability
problems. Furthermore, the cameras can provide data for longer time spells than human
observers and proved to be able to provide good data even during periods of inclement
weather. The cameras were installed at Double Bay (control site) and Sandﬂy Bay (tourist
exposed). While the camera at Double Bay functioned without failure the camera at
Sandﬂy Bay did not provide one single day of recording.
The resolution and high frequency of shots made daily visits to the cameras necessary to
exchange SD memory cards. This happened usually early in the morning when few tourists
were present. Despite extensive trouble-shooting at the site and back at the ofﬁce I could
not explain the failures of the camera unit at Sandﬂy Bay. After two weeks of unsuccessful
experiments I ﬁnally decided to swap the complete camera units between sites – as a last
resort (the complete (functioning!) unit involved not only camera but also a car battery
and solar panel along with laptop computer etc.). The Double Bay camera unit started
and recorded as programmed once installed at Sandﬂy Bay, but again, when I came back
the next day the chip was blank and no data could be retrieved. (Info aside: back at the
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ofﬁce the initial Double Bay camera functioned without problems, while the Sandﬂy Bay
camera had some server ﬂaws). After another week of unsuccessful trial at Sandﬂy Bay
(considering all possibilities) I ﬁnally decided to give in and abandon this part of the study.
Without any data from the tourist site the good footage from Double Bay was worthless for
my study.
For a future project I would encourage an experimental approach for example at Mid
Section where sand or visitor interference can be excluded. The current rapid technical
development may allow the use of less bulky camera units that can record footage over
longer period of times and which could be hidden more easily - a potential option for
repeating this project in the near future. In the meantime, it may be worthwhile exploring
the possibility of a student project looking at Yellow-eyed penguin beach behaviour and
landing patterns via the usual approach with volunteers and record sheets. If such a project
conﬁrms the suspected differences in Yellow-eyed penguin beach behaviour and landing
patterns between the sites, it may be interesting employ hidden cameras to record e.g. the
feeding frequencies at selected nests in both undisturbed and tourist exposed breeding
areas.

Disease outbreak and deferral.
In 2004 we unfortunately lost most of the chicks within two weeks of hatching due to an
unknown trigger that was followed by a secondary corynebacterium infection causing
diphtheric stomatitis. Only a few active nests were left for my planned study comparing
feeding frequencies. These were so far apart that I could have recorded only one nest at
a time (and not 4 as planned). The option to focus on less affected colonies in the Catlins
(Nugget Point and Sandy Bay) was discussed and then denied to reduce the risk of
spreading this not yet fully understood disease. Thus I had to delay any further research
on Yellow-eyed penguins (including taking blood samples for the study of hormonal stress
response) until the following breeding season.
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Stakeholder issues - loss of the mainland undisturbed control area
The breeding season of 2005 made up for the last one with good condition adults and
healthy chicks. However, that season I learned about the other side of working with
Yellow-eyed penguins that close to civilisation: stakeholders. Phil Seddon and I had
approached the Yellow-eyed penguin Trust in 2003 about my project plans and our search
for a potential control site on Trust land. We discussed Otapahi, which was suggested
by some leading Trust members as the ideal mainland control site: difﬁcult to get to and
unknown by the public, with little past human disturbance yet at close proximity to tourist
exposed Sandﬂy Bay. We were happy to encounter great interest into the outcome of the
proposed human disturbance impact research and obtained a verbal agreement to include
this area as control site into our study. We had frequent contact with the Trust in the
following two years; hence, the Trust’s decision to withdraw the site at short notice caught
us by surprise. At the onset of the 2005 breeding season the permits were withdrawn,
even for the proposed short-term low-impact ED and hidden camera deployment and
of course for taking blood samples, apparently because some members of the Trust had
suddenly developed concerns. Fortunately, the Department of Conservation remained very
supportive and issued, at extremely short notice, research permits for Green Island, the
only suitable alternative undisturbed control area for our proposed stress hormone study.
Given the great difference in hormonal stress response we found (Chapter 3.1.) I would
encourage broadening the approach and attempting to include a range of mainland breeding
sites (both tourist exposed and undisturbed) into any future study of Yellow-eyed penguin
stress hormones. Such research may even consider monitoring the development of baseline
corticosterone levels as an indicator of overall stress exposure at different breeding sites.

Stakeholder issues - regulated tourism operations
Studying the impact of human disturbance I compared areas with little (current or even
historic) human intervention with sites that were exposed to unregulated human visitation.
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I was surprised that none of the reviewers of my thesis questioned why no commercial
tourism operations had been included in the study. For me this would have been the logical
next step of understanding human disturbance impact. Early on, I approached the two big
tourism operators on the Otago Peninsula about my intended study, and was well received
by one, who then unfortunately had to withdraw from being involved as he was unable to
convince his partner that such a study could have potential beneﬁts. The other operation
was suspicious of external disturbance research from the beginning.
I can understand absolutely the worries of letting some unknown university researcher (a
student no less!) ﬁddle with their penguins and their main source of income, especially,
now knowing that even a one-off experience may have signiﬁcant consequences on future
responses of an individual (compare Chapter 3.3). However, from my point of view, it
would be important to include regulated tourism settings into future human disturbance
impact research to develop a better understanding of how long-term human exposure may
change penguin stress responses and to check if and how current management practice is
successful in minimising human disturbance impact - or if visitor management potentially
even could be improved.
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6.2. Appendix II

6.2.1. Presented conference papers and invited talks
November 2008

invited by the Royal Forest and Bird Protection Society of New
Zealand, Dunedin Branch: “Effects of human disturbance on birds.”

July 2008

invited by the MacDiarmid Young Scientist of the Year Award,
Wellington, New Zealand: “Eco-tourists love penguins to death.”

June 2008

VI Oamaru Penguin Symposium, Oamaru, New Zealand: “Sandﬂy
Bay well on the way managing human disturbance impacts.”

December 2007

Yellow-eyed penguin Mini-Symposium, Dunedin, New Zealand:
“March of the tourists – How can we reduce disturbance impact on
Yellow-eyed penguins?

September 2007

VI International Penguin Conference, Hobart, Tasmania: “Penguin
personalities: Consequences of individual stress coping styles.”

August 2006

Yellow-eyed penguin Symposium, Dunedin, New Zealand:
“Sacriﬁcing Sandﬂy Bay – a wise move? Effects of human
disturbance on Yellow-eyed penguin nest-site locations, hormonal
stress response, behaviour and breeding parameters.”

April 2005

Yellow-eyed penguin Workshop, Dundin, New Zealand: “Yelloweyed penguin chick survival and effect of diphtheria treatment at
Boulder Beach 2004-05.”

September 2004

V International Penguin Conference, Ushuaia, Argentina: “Laid back
or distressed? Penguin responses to human disturbance.”

June 2003

IV Oamaru Penguin Symposium, Oamaru, New Zealand: “Assessing
the impact of human disturbance on penguins: Results from a case
study in Chile and future research plans in New Zealand.”

May 2002

XXII Congreso de Ciencias del Mar, Valdivia, Chile: “Pingüinos
timidos? Impacto de la perturbación humana en el pingüino de
Humboldt.”
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6.2.2. Coverage of research in popular media (selection)
Otago Daily Times, Dunedin (08 December 2008): “Viewing facility opened.” Sarah
Harvey.
Birdwatch, London, UK (27 August 2008): “Penguin lovers threaten penguins”
http://www.birdwatch.co.uk/website/content/view/1686/32/
Otago Daily Times, Dunedin (15 August 2008): “Otago scientists net top national awards.”
Rebecca Fox.
The New Zealand Herald, Auckland (15 August 2008): “Fiordland study leads to top
science laurel” Craig Borley.
The Star, Dunedin (08 May 2008): Title page “As public give penguins the push at Sandﬂy
Bay, experts say it’s time to do something now.” Monica Fouts.
Otago Daily Times, Dunedin (19 January 2008): “Interrupting the penguins’ march.”
Rebecca Fox.
Dominion Post, Wellington (03 October 2007): “The march of the tourists.” Paul
Mulroney.
Science News, Chicago (30 September 2006): “Good gone wild – sometimes,
ecotourism hurts what it sets out to help.” Eric Jaffe. http://www.sciencenews.org/
articles/20060930/bob9.asp

Radio New Zealand National (03 April 2008) Our changing world: “Yellow-eyed
penguins” (duration: 24’10’’) Dacia Herbulock. http://www.radionz.co.nz/national/
programmes/ourchangingworld/20080403

249

6. Appendix II

250

talks, press & posters

THE MOST TIMID OF ALL?
Impact of human disturbance on
Humboldt Penguins
Ursula Ellenberg1 & Guillermo Luna Jorquera2
1Institut

für Meereskunde, Kiel, Germany (email: ulnberg@web.de); 2Universidad Católica del Norte, Coquimbo, Chile

Introduction
Humboldt Penguins (Spheniscus humboldti) are classified as vulnerable (IUCN
2000). The “Reserva Nacional Pingüino de Humboldt” in Northern Chile
(29.3°S, 71.5°E), includes important breeding colonies of this species. The
reserve also serves as attractive tourist destination with constantly growing
visitor numbers. Human activity in the direct vicinity of the breeding colonies
could seriously affect this species (ARAYA et al. 1999).

Fig. 3

Fig. 4

a)

a)

Fig. 3: Examples of the
changing HR during nesting
routines:
a) changing incubation position
b) observing loud neighbours
c) recognizing homecoming
partner

Fig. 4: Examples for HR changes

b)

b)

Which stimuli have negative impact on the penguins?

during experimental disturbance
(male without experience –
means this was the absent
partner when we added the
artificial egg to the clutch)
a) person passing without rapid
movements in 50 m distance
from the observed nest

How serious are these impacts?

b) slow direct approach to the
nest right to 2 m distance and
pause for 1 min (nest check)

Fig.1

c)

Minidisk
Track 1: changing position
Track 2: observing loud
neighbours
Track 3: recognizing homecoming
partner (CAREFUL: loud
trumpeting!!)
Track 4: disturbance 50 m
Track 5: disturbance 2 m

A person directly approaching an incubating penguin to 2m distance led to HR
acceleration of maximum 242% above RHR. To calm down again the birds needed up
to 30min. Even a person passing at 150m distance provoked a significant HR
increase in the observed penguin. The magnitude of the animal’s reaction and the
time it needs to calm down depends on the intensity of the disturbing stimulus (Fig. 5).

Fig. 5 a)

b)

Fig. 1: Effects of disturbance

Methods
During the reproductive season of 2001/02 we measured the heart rate of
penguins to quantify the physiological reaction to different experimental
disturbance stimuli (Fig. 2). We determined and registered the sex of the
incubating bird when the artificial egg was added to its clutch. To evaluate the
course of the excitation we followed the method of NEEBE & HÜPPOP (1994).
Fig. 2

Fig. 5:
a) Maximum observed HR and elevation above RHR [%] of the Humboldt Penguin during different disturbance
stimuli. In comparison the maximum response of Gentoo and Adélie Penguins during a direct approach
stopping 3 m off the nest site.
b) Amount of time the Humboldt Penguin needs to calm down after the disturbances figured in a) blue bars
indicate number of cases when the observed penguin stood up during an experimental disturbance.

Compared with other penguin species, the Humboldt Penguin is more sensitive
towards human disturbance. Fig. 5 shows the maximum observed response of
Gentoo (Nimon et al. 1995) and Adélie Penguins (Wilson et al. 1991) during a direct
approach to 3m off the nest. These responses are comparable with the excitation a
person provokes when passing at a distance of 50m of a nesting Humboldt Penguin.

Results and Discussion

Summary

During nesting routines, undisturbed incubating penguins displayed heart rate
(HR) increase of maximum 135% in relation to the heart rate while resting
(RHR) (Fig. 3). After all observed natural activities the HR fell back to RHR
within less than a minute, usually within few seconds. In contrast, when
incubating penguins were disturbed e.g. by a person walking past the nest at
50m distance their HR reached maximum 196% of the RHR (Fig. 4). Following
this disturbance the birds needed recovery times of up to 19min until the HR
returned to normal.

• the Humboldt Penguin is extremely
susceptible to human disturbance
• this has to be considered when
defining management guidelines

References
Araya, B., Garland, D., Espinoza, G., Sanhueza, A., Simeone, A., Teare, A., Zavalaga, C., Lacy, R. & Ellis, S. (1999). Taller de
análisis de la viabilidad del hábitat y de la población del pingüino de Humboldt (Spheniscus humboldti). Apple Valley,
MN. USA: IUCN/SSC Conservation Breeding Specialist Group.
Neebe, B. & Hüppop, O. (1994). Der Einfluß von Störreizen auf die Herzschlagrate brütender Küstenseeschwalben (Sterna
paradisea). Artenschutzreport 4: 8-13.

Nimon, A.J., Schroter, R.C. & Stonehouse, B. (1995). Heart rate of disturbed penguins. Nature 374: 415.
Wilson, R.P., Culik, B., Danfeld, R. & Adelung, D. (1991): People in Antarctica – how much do Adélie Penguins Pygoscelis adeliae care?
Polar Biol. 11: 363-370.

Presented in June 2003 at the IV Oamaru Penguin Symposium, Oamaru, New Zealand
(Original prepared in Spanish for the XXII Congreso de Ciencias del Mar, Valdivia, Chile)
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Penguin personalities
Consequences of Individual Stress-Coping Styles
Ursula Ellenberg, Thomas Mattern & Philip J. Seddon
Zoology Department, University of Otago, Dunedin, New Zealand
ULNBERG EUDYPTESNET

1. Background

We tend to see species as uniform entities, all sharing certain species-specific characters. However, what has been
long known for people appears to be the case for other animals as well: Individuals use different strategies to cope
with environmental challenges - strategies quite similar to human personalities.

2. Questions
Do inter-individual differences in behavioural stress response observed in Yellow-eyed penguins relate to
physiological and reproductive parameters?
And if so... what are the consequences for populations that are frequently exposed to human disturbance?

6. Habituation Potential

calm
normal
aggressive

- “frozen”, no reaction observed
- pecks or flipper beats only after
being touched
- reacted before being touched
on occasion even came charging
towards us

4. Stress Hormones
Baseline corticosterone levels were significantly
higher in aggressive birds (unaffected by location,
sex or body condition, x ± SD):

calm
normal
aggressive

0.18
0.36
0.78

"EFORE AND AFTER  DAYS OF REGULAR VISITATION WE MEA

SURED HEART RATE MAXIMUM GIVEN IN  OF RESTING HEART
RATE 2(2 AND TIME NEEDED FOR RECOVERY DURING EXPERI
MENTAL APPROACH OF DIFFERENT PENGUIN PERSONALITIES
HEART RATE INCREASE
RECOVERY TIME
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BEFORE

± 0.02 ng/ml

AFTER

(6)

CALM

± 0.25 ng/ml
± 0.54 ng/ml

5. Offspring Survival Propabilities

1400

recovery time (s)

As part of a disturbance impact study 1 we assigned
simple behavioural categories to each bird on the
basis of individual response to approach and capture:

heart rate increase (%RHR)

3. Stress-Coping Styles

(6)

BEFORE
(6)

AFTER
(6)

AGGRESSIVE

#ALM BIRDS SHOWED SIGNIFICANTLY REDUCED STRESS RE
SPONSE AFTER REGULAR VISITATION WHILE AGGRESSIVE BIRDS
WERE LESS FLEXIBLE IN THEIR STRESS RESPONSE PATTERN

average fledgling weight (kg)

First year survival propabilities increase with fledging
weight in Yellow-eyed penguins 2 . Undisturbed sites
produce significantly higher fledgling weights. Lowest
weights were found in chicks raised by aggressive parents exposed to unregulated tourism.
6.0

undisturbed
tourism

5.8
5.6
5.4

7. Conclusion

5.2

Calm birds appear to be more adaptive and flexible.
Under current conditions, calm birds raise offspring to
higher fledging weights which can be crucial for first
year survival particularily at frequently disturbed sites.
Thus, we report a new selective pressure:

5.0
4.8
4.6
4.4
0.0

0.5

1.0

1.5

2.0

baseline corticosterone (ng/ml)

2.5

Tourism Favours Calm Individuals!
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Presented in September 2007 at the VI International Penguin Conference, Hobart, Tasmania
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Sandfly Bay well on the way
managing human disturbance impacts
Visitors
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Ursula Ellenberg &
Philip Seddon
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enguin

University
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s

Situation
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r² = 0.478
F = 269.4; p < 0.0001

40
30

Number of adult Yelloweyed penguins seen from
the Sandfly Bay hide
during tours 1994-2007.
Data © Hildegard Lübcke,
Nature Guides Otago.

20
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0
01.01.1995

01.01.2000

01.01.2005

date

Research questions

?

artificial
egg for low
impact
heart rate
monitoring

1. May tourists have caused the problem?
2. If so - how do they affect the penguins?

Research approach

1. Compare Sandfly Bay with adjacent less
visited breeding sites that provide similar
breeding habitat and foraging grounds.

Results:

Research approach
2. Study the behavioural and physiological
stress responses of individual penguins to
experimental disturbance.

Results: Yellow-eyed penguins belong to the
shyest penguin species. Birds double their heart rate
and need up to half an hour to recover from even
careful human approach. Relative to control birds,
penguins at Sandfly Bay respond stronger when
facing a human and have greater energy demands .
stress hormones (CORT ng/ml)

number of adult penguins

At Sandfly Bay, Otago Penisula, visitor numbers have
increased by more than one order of magnitude over
the last decade. At the same time Yellow-eyed penguin
sightings have declined dramatically. Today, seeing a
penguin during a visit can no longer be guaranteed.

25
20

Sandfly Bay

15

undisturbed

10

Baseline stress
hormone levels
and hormonal
stress response
to standardised
1
disturbance .
stress response
F1, 12 = 177.783
p < 0.0001

5
0
0

5

10

15

location
F1, 12 = 7.251
p = 0.021

time after first sight (min)

Possible reason:

Sandfly Bay produces fewer chicks than
neighbouring less visited breeding
areas. The chicks that survive until fleging are often underweight, and thus
have lower chances to survive their
first year at sea and recruit into the
breeding population.

Penguins breeding at Sandfly Bay have been sensitised by frequent disturbance and over-react.

Conclusion
Unregulated visitor access appears responsible
for the observed decline in penguin viewing opportunities at Sandfly Bay.

Otepahi

Management

Sandfly Bay
Double Bay

making the right decisions

Mid-section
Highcliff
Green Island
0,0 0,2 0,4 0,6 0,8 1,0 1,2 1,4 1,6 1,8

breeding success (chicks fledged
d per pair)
Yellow-eyed penguin breeding success during
2003-2006 at a range of sites along the Otago Peninsula.
Penguins at Sandfly Bay raise fewer chicks (F = 3.236; p = 0.008).
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Possible reasons:
Frequent disturbance increases likelyhood of nest abandonment, disrupts
chick feeding and multiplies energy expenditure of affected individuals.

The Department of Conservation
currently improves visitor management via volunteer wardens and better signage to
keep people out of breeding
areas and reduce disturbance
at penguin landing beaches.
We strongly encourage
the continuation of associated research and monitoring
in order to assess the effectiveness of
management tools.

Acknowledgments: Thanks to Philip Seddon for invaluable advise and encouragement and to David Agnew, Dave Houston, Bruce McKinlay, Dean Nelson and Melanie Young (DOC) for endorsing this project. Gordon and Rick from Strawberry
Sounds, Dunedin, helped with adapting sound technology to field conditions. Thomas Mattern, Mike Hazel, Ryan Clark, Sanne Bossenkool, Danilo Hegg, Lisa Tracy, Pascale Michelle, James Reynolds, Kathrin Englert, Hermann Ellenberg, LarsGunnar Ellenberg, Cordula Epple, Astrid Meckl assisted in the field. Karen Judge and Debra Gauntlett helped during laboratory work. Funding for this project was provided via an Otago Research Grant (to PJS), the Department of Zoology, University of Otago and Otago Scholarship (to UE). This study was conducted under University of Otago Animal Ethics approval (no. 32-03) and with permission of DOC (permit no: OT-13756-FAU).
1Ellenberg,

U., Setiawan, A.N., Cree, A., Houston, D.M., Seddon, P.J., 2007. Elevated hormonal stress response and reduced reproductive output in Yellow-eyed
penguins exposed to unregulated tourism. General and Comparative Endocrinology 152, 54-63.

Presented in June 2008 at the VI Oamaru Penguin Symposium, Oamaru, New Zealand
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Association for Women in the Sciences (AWIS), New Zealand, invited article for the
December 2008 Newsletter:

Of penguins and polar bears

Have you ever woken up with a racing heart beat – completely beside yourself?
To me this happens all the time. Sometimes it is because of my two year old daughter
shoving her teddy into my face at 6am and claiming “Teddy – njam-njam” – sorry mum,
but teddy’s hungry. Other times it is an all-too-vivid dream of my time in Svalbard, in the
Norwegian Arctic, in which I hear a polar bear raiding the kitchen tent… but in my dream
when I reach for my gun, I ﬁnd instead my four year old son curled up beside me and
grunting in his sleep. At times like this I can’t help but think of the penguins I now work
with and how they must ﬁnd humans as disturbing as the polar bears were to me in the
days up North.
The heart rate of a resting Yellow-eyed penguin doubles when a human is nearby and they
need up to half an hour to recover from even careful human approach. This response is
energetically costly and, when adult energy budgets are tight, may lead to nest desertion or
could even push the birds over the threshold from survival to starvation. While I’ve spent
time analysing the data from the last few breeding seasons I personally cannot complain
about starvation. Quite the opposite in fact, after I’ve completed all my ﬁeld work I spend
way too much time in front of a computer writing up my PhD or being distracted by other
things. So I am longing to get out and stretch my legs.
Fortunately, family and friends give me plenty of excuses to ignore the pressures of
looming deadlines and to escape outdoors and enjoy the return of summer days to our
beautiful southern shores. For the penguins summer means back to work. Setting up a nest
and raising chicks… a quite demanding time. And our pleasure is their peril – a family
picnicking innocently on the beach may prevent a penguin from landing and feeding its
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hungry chicks. Breeding success is signiﬁcantly reduced at frequently visited but undermanaged sites, a precarious situation here in New Zealand where nature-based tourism is
booming.
We all take an escape into the natural beauty of our country for granted; however, even
minor low-key human disturbance can have far-reaching consequences. In the face of
ever growing visitor numbers it is important not only for ecological but also for economic
sustainability to minimise associated human impacts. We need more research and good
cooperation with managers to develop appropriate visitor management guidelines that will
enable us to enjoy the great outdoors without negative consequences for resident wildlife.
So the next time you wake, heart racing from an all-too-vivid dream, spare a thought for
the plight of the penguins that call these shores their home too.
Ursula Ellenberg
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