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Linking Variation in Penguin Responses
to Pedestrian Activity for Best Practise Management
on Subantarctic Macquarie Island

by Nick D. Holmes'**, Melissa Giese® and Lorne K. Kriwoken'*

Abstract: From 2001-2005, a project was undertaken on subantarctic
Macquarie Island to investigate the variation in responses to pedestrian
activity by King Aptenodytes patagonicus, Gentoo Pygoscelis papua and
Royal Eudyptes schlegeli penguins. The overall aim was to produce manage-
ment-oriented information both for commercial tourism in the subantarctic
and Antarctic, and for Antarctic Treaty Consultative Parties. A series of exper-
imental and observational studies were employed to quantify aspects of
physiology, behaviour and reproductive success of these three species of
subantarctic penguins when exposed to pedestrian activity — the most common
form of human activity on Macquarie Island. Key aspects of penguin ecology
likely to yield information valuable to management were investigated, includ-
ing: 1) the efficacy of current minimum approach distance guidelines for
visitation to penguins; 2) the effect of visitor group size on penguin responses
to pedestrian activity; 3) the role of habituation in penguin responses to pedes-
trian activity; 4) the phase of breeding / moult during which penguins are most
sensitive to pedestrian activity; and 5) comparative responses to human
activity between the three species examined. This paper describes key results
from these five studies, and the application for management of human-
penguin interactions on Macquarie Island and other subantarctic and Antarctic
locations.

Zusammenfassung: Von 2001 bis 2005 wurde auf der subantarktischen
Macquarie-Insel bei Konigspinguinen (Aptenodytes patagonicus), Eselspin-
guinen (Pygoscelis papua) und Haubenpinguinen (Eudyptes schlegeli) die
unterschiedliche Reaktion auf FuBgénger-Aktivititen untersucht. Das allge-
meine Ziel war, Management orientierte Informationen sowohl fiir den
kommerziellen Tourismus in der Subantarktis und der Antarktis als auch fiir
die Antarctic Treaty Consultative Parties zu formulieren. Es wurde eine Reihe
von experimentellen Studien und Beobachtungsstudien angestellt, um Aspekte
der Physiologie, des Verhaltens und Fortpflanzungserfolges der drei suban-
tarktischen Pinguin-Arten zu quantifizieren, wenn sie Fulganger-Aktivititen
ausgesetzt sind, der héufigsten Form menschlicher Aktivititen auf der
Macquarie Insel.

Die folgenden wichtigen Aspekte der Pinguindkologie, die wertvolle Informa-
tionen fiir ein Management beinhalten, wurden untersucht: 1) Wirksamkeit
der Richtlinien zum Minimalabstand bei Besuchen in Pinguinkolonien. 2)
Einfluss der Besuchergruppengrofie auf die Reaktion der Pinguine bei der
Begegnung mit Fufigiangern. 3) Rolle einer Gewdhnung bei der Reaktion der
Pinguine auf Fullgingeraktivitdten. 4) Phase der Brutzeit bzw. Mauser,
wihrend der die Pinguine am empfindlichsten auf Fufgéngeraktivititen
reagieren. 5) Vergleich der Reaktionen der drei untersuchten Arten auf
menschliche Aktivitéten.

Die Arbeit beschreibt die wichtigsten Ergebnisse dieser fiinf Untersuchungen
und ihre Anwendung fiir das Management der Mensch-Pinguin-Interaktionen
auf der Macquarie-Insel und anderen subantarktischen und antarktischen
Gebieten.
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INTRODUCTION

As the number of people visiting the subantarctic and Antarc-
tic increase, so do incidences of human-wildlife interaction. In
these regions, Antarctic Treaty Consultative Parties conduct
and support scientific research and commercial tourism is
increasing dramatically (COUNCIL FOR ENVIRONMENTAL
PrOTECTION 2004, TAATO 2005a). At several locations,
penguins can be exposed to considerable human activity, often
during critical periods of breeding and moult (KRIWOKEN &
RooTES 2000, NAVEEN 2003). Consequently, there is a need for
effective and timely management of human-wildlife interac-
tions that reflect the high conservation values of these areas.

Ideally, best practice human-wildlife interaction guidelines
should be based on empirical studies, and appropriately cater
for any variation in how animals may respond to human
activity. Previous studies have reported varying results in how
penguins will respond to human activity in populations
(WOEHLER et al. 1991, WOEHLER et al. 1994, PATTERSON &
FRASER 1998, PATTERSON et al. 2003), colonies (GIESE 1996,
COBLEY & SHEARS 1999, McCLUNG et al. 2004), and indivi-
dual penguins (CULIK & WILSON 1995, NIMON et al. 1995,
FOWLER 1999). Common elements from these studies strongly
suggest that responses to human activity will be both species
and location specific. Several other common elements known
to influence how seabirds respond to human activity are also
likely to be relevant for penguins, including the breeding
phase during which interactions with human activity occur
(GOTMARK 1992, Yori0O & QUINTANA 1996, BoLbuc &
GUILLEMETTE 2003), the level of previous exposure to humans
(KELLER 1989, Yori0O & BOErRSMA 1992, DunrLopr 1996,
BRIGHT et al. 2003), proximity to human activity (GIESE 1998,
Ikuta & BLUMSTEIN 2003, FERNANDEZ-JURICIC et al. 2005),
and stimulus type (CULIK et al. 1990, RODGERS & SMITH 1995,
1997, Lorb et al. 2001).

Subantarctic Macquarie Island (54°30° S, 158°57” E; Fig. 1) is
one of the most significant conservation areas in Australia,
reflected in its status as a World Heritage Area, an United
Nations Educational, Scientific and Cultural Organization
(UNESCO) Biosphere Reserve and a Tasmanian Nature
Reserve (TASPAWS 2003a). Management of Macquarie
Island is primarily the responsibility of the Tasmanian Parks
and Wildlife Service (TASPAWS) and the Tasmanian Depart-
ment of Primary Industries, Water and Environment (DPIWE).
In addition, the Australian Antarctic Division (AAD) has
maintained a strong presence on the island supporting and
undertaking science programs, and has operated a perma-
nently occupied station since 1949 (Fig. 1).
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Four species of penguin breed on Macquarie Island; the King
Aptenodytes patagonicus, Gentoo, Pygoscelis papua, Royal
Eudyptes schlegeli, and Rockhopper E. chrysocome. All four
species are exposed to varying levels of human activity during
some stage of their breeding cycles. Human-penguin interac-
tions on Macquarie Island originate from two main sources:
the government-managed Australian Antarctic Program (AAP,
formally known as Australian National Antarctic Research
Expeditions, ANARE) including management programs from
TASPAWS, and commercial tourism. As part of the govern-
ment programs, between 10 and 40 people occupy the island
year round, with the greater numbers present during October
to March, corresponding with the summer science program.
The majority of these people occupy the permanent station
area (Fig. 1), where human-wildlife interactions can be classi-
fied as high in frequency and intensity. Compared to on-

station, human-penguin interactions from government
programs away from station can generally be classified as low
in intensity and frequency. There is also an annual re-supply
period of approximately one week, when up to 100 people are
on the island per day undertaking science programs and trans-
ferring fuel, food, equipment and personnel to and around the
island via helicopters, small boats and amphibious vehicles. In
addition to the AAP, between two and eight tourist vessels
currently visit the island per season, with 40 to 100 people
arriving ashore per trip. Commercial tourism produces low
frequency but high intensity interactions for those penguins
visited. For both the AAP and commercial tourism on
Macquarie Island pedestrians are the most frequent source of
human-penguin interaction, similar to other subantarctic and
Antarctic locations. Many breeding colonies are situated close
to common transit routes for AAP and TASPAWS personnel



traversing the island, with other colonies, for example at
Sandy Bay (Fig. 1) and within station boundaries, specifically
utilised for commercial tourism.

Managing people near penguins on Macquarie Island is
currently achieved via a permitting system, primarily based on
temporal and spatial restrictions, and adherence to a set of
behavioural guidelines (TASPAWS 2001, 2003a, 2003b, AAD
2002, 2004). One of the main guidelines is a 5 m minimum
approach distance (TASPAWS 2003b), with the purpose of
maintaining a buffer between people and penguins, and is
applied to all species across all breeding phases. The 5 m
guideline is commonly used on other subantarctic and Antar-
ctic locations by tourism operators (IAATO 2003), and other
Antarctic Treaty Consultative Parties (ANTARCTICA NEW
ZEALAND 2000, UMWELTBUNDESAMT 2002). The effectiveness
of this guideline for preventing greater than minor or transi-
tory impacts (the threshold indicated within the Macquarie
Island Draft Management Plan) has not been empirically
tested on Macquarie Island, and it remains unclear if it is
appropriate to apply this guideline across all species and
breeding phases, or whether habituation may be confounding
penguin responses to human activity. Addressing the effec-
tiveness of this guideline, and the impacts of government
programs and tourism on wildlife, are identified as research
priorities for Macquarie Island within the Draft Management
Plan (TASPAWS 2003a).

RESEARCH APPROACH

To provide context for this paper, we provide only a brief over-
view of the research approach used for common methodolo-
gical elements across the five studies. Greater detail of
methods used in the research can be found in HOLMES et al.
(2005, 2006), and HoLMEs (2005, 2007).

For each study, both experimental and observational studies
were employed. Experiments followed a simple, repeatable
methodology to allow the responses of penguins to be
examined in light of key variables considered to influence
their responses to people, and allowed sufficient sample sizes
to be obtained (n = 20 to 27 individual penguins per sample
group) (HoLMES 2005). Experiments were primarily used to
empirically measure the behaviour, and for one study physio-
logical responses (heart rate: HOLMES et al. 2005), of penguins
to a standardised pedestrian approach, using the current 5 m
minimum approach distance (TASPAWS 2003b), lasting no
more than 5 min per approach. We aimed to gain as much
experimental control as possible, by conducting experiments
during a specific weather and time window, and kept pede-
strian jacket colour (red) constant. All experiments followed a
before (pre-approach), during (approach) and after (post-
approach) format, allowing for responses to be statistically
analysed using repeated measures procedures. No humans
were present during the pre- and post-approach stages. Post-
approach recordings were split into consecutive time periods
to identify when behaviour (and heart rate) were comparable
to pre-approach recordings. Behaviours analysed are presented
in, HOLMES et al. (2005, 2006) and HoLMmES (2005, 2007).
Behavioural analyses were undertaken using The Observer 5.0
(NoLDUS INFORMATION TECHNOLOGY 2002). Responses to
pedestrian approaches were considered against theoretical

backgrounds such as the predation-risk hypothesis, whereby
wildlife may perceive anthropogenic stimuli as a relative
predation threat, and respond accordingly (FRID & DiLL 2002,
BEALE & MONAGHAN 2004B, BLUMSTEIN et al. 2005). In addi-
tion to manipulative experiments, an observational study was
also undertaken to examine the breeding success of Gentoo
penguins breeding in areas of high and low human activity,
relative to other environmental factors likely to influence
chick production, using a simple linear (regression) model
(HoLMEs et al. 20006).

KEY RESULTS
Testing the 5 m minimum approach distance guideline

The 5 m minimum approach distance guideline for pedestrians
near breeding wildlife is a common tool used throughout the
subantarctic and Antarctic (UMWELTBUNDESAMT 2002, IAATO
2003, TASPAWS 2003b), however, only limited validation of
the efficacy of this guideline has been undertaken (GIESE
1998, PFEIFFER & PETER 2004). On Macquarie Island, incubat-
ing Royal penguins displayed significant increases in vigi-
lance and heart rate when exposed to a single person
approaching to 5 m, however, no penguins fled the nest
(HoLMEs et al. 2005). These responses typified a preparedness
to flee, similar to a flight-or-fight response (BALL & AMLANER
JrR. 1980) and akin to the predation-risk hypothesis (FRID &
DiLL 2002), and were significantly stronger than during
predator overflights or aggressive interactions with skuas (Fig.
2). This suggested Royal penguins perceived a single person
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Fig. 2: Royal penguin Eudyptes schlegeli mean +SE heart rate (beats per min)
as a function of individual resting heart rate (fbpm), vigilant acts / min (vig)
and agonistic acts / min (ago) when exposed to first 15 sec of interaction bet-
ween single person standing at 5 m (rn = 26), agonistic interactions with a
conspecific (n = 15) and skua overflights below 15 vertical meters (n = 15).
Letters indicate statistical difference between stimuli. Stars indicate no stati-
stical testing done as no agonistic responses were recorded during human ap-
proaches or skua overflights. Taken from HOLMES et al. (2005) and reproduced
with permission of Elsevier.

Abb. 2: Haubenpinguin Eudyptes schlegeli: mittlere Herzschlagrate (+SE),
Schldge pro Minute, als eine Funktion der individuellen Ruhe-Herzschlagrate
(fopm), Aufmerksamkeitsrate / min (vig) und Aggressivititsrate / min (ago),
wenn die Pinguine die ersten 15 Sekunden einer stehenden Person im Abstand
von 5 m (n = 26) ausgesetzt sind, aggressive Interaktionen zu arteigenen Indi-
viduen (n = 15) und Skua-Uberfliige niedriger als 15 m (n = 15). Die Buchsta-
ben zeigen statistisch gesicherte Unterschiede zwischen den Stimuli. Sterne
zeigen an, dass keine statistischen Tests gemacht wurden und keine Aggressi-
vitit wihrend der Annéiherung von Menschen oder Skua-Uberfliigen festge-
stellt wurden. Daten aus HOLMES et al. (2005) mit Genehmigung von Elsevier.
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visiting the nest as a greater threat than the naturally occurring
stimuli tested. The responses observed during visitation can be
described as minor or transitory, and on their own can be
considered an acceptable impact as defined in the Macquarie
Island Draft Management Plan (TASPAWS 2003a), and the
Madrid Protocol (CoHEN 2002). Nevertheless, the context
provided by the relative response of penguins to natural versus
human stimuli demonstrated that using the 5 m guideline still
warrants a reasonable level of caution.

How does visitor group size influence response?

For wildlife managers, visitor group size represents one of the
more easily manipulated facets of visitor management (BEALE
& MONAGHAN 2004b, GEIST et al. 2005, HoLMES 2005). In
HoLMES (2005), groups of five people elicited significantly
higher rates (frequency and duration) of vigilance from guard-
ing Gentoo penguins than did single person visits, suggesting
that penguins associated a higher level of perceived risk with
larger visitor groups (e.g. see FRID & DiLL 2002). Wildlife
managers could control this level of perceived risk by either a)
reducing visitor group sizes, or b) increasing minimum
approach distances for larger groups of people approaching
penguins. However, it remains unclear what represents a
greater interruption to breeding birds: one visit by five people
at once, or five separate visits by a single person. There are
further research opportunities available to determine at what
set-back distance would a group of five people elicit the same
level of response as that from a single person at 5 m.

Habituation and the effect of previous exposure to human
activity

Habituation is a key variable likely to confound both manage-
ment and research of human-wildlife interactions (KELLER
1989, KNIGHT & CoOLE 1995, DunLopr 1996, COBLEY et al.
2000). On Macquarie Island, the majority of Gentoo penguins
breed away from station limits (Fig. 1), where they typically
have limited prior exposure to visitation and are regarded as
sensitive to human activity (HOLMES et al. 2006). In contrast,
during some years, small numbers of Gentoo colonies are
occasionally located within station limits (Fig. 1), where they
are exposed to almost daily pedestrian activity plus vehicle
movements, and raise questions regarding habituation and the
effect of previous exposure to human activity. Results from a
study in 2002-2003 (HOLMEs et al. 2006), indicated that when
presented with the same pedestrian stimulus, guarding Gentoo
penguins breeding away from station limits showed signifi-
cantly stronger behavioural responses than counterparts bree-
ding within station limits, with the former continuing to
demonstrate an altered behavioural pattern even after the
stimuli was removed. This result demonstrated the site-
specific nature of responses to human activity, and emphasised
the importance of previous exposure when considering how
best to manage visitation to penguin colonies. The responses
of penguins regularly exposed to visitation should not be
considered typical of those irregularly exposed, as the latter
may in fact be more sensitive. While evidence of habituation
was observed in this context on Macquarie Island, the proxi-
mate mechanisms leading to such a response are not well
understood (i.e. how regularly, and what stimulus intensity
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must animals be exposed to in order to facilitate habituation?).
As such, habituation should not be considered an inevitable
outcome for all species regularly exposed to higher levels of
human activity and therefore, should not be considered as a
goal of wildlife management (e.g. see NISBET 2000), without
significant caution.

Despite greater behavioural sensitivity observed among
Gentoo penguins with limited prior exposure to human
activity (i.e. those breeding away from station limits, or off-
station), a simple linear model of colony reproductive success
(average chicks raised per pair against pedestrian activity and
15 environmental variables), found that for 42 colonies off-
station, low levels of pedestrian activity had no significant
relationship to breeding success when compared to other envi-
ronmental and site variables (HOLMES et al. 2006). This model
showed that off-station, reproductive success during 2002-
2003 had a significant positive relationship with colony size,
and significant negative relationship when the colony was
situated: a) in short grassland (e.g. Luzula crinata, Acaena
sp.); b) near colonies of other penguin species; and c) close to
Southern elephant seal Mirounga leonina harems (adjusted R’
=0.61,n =42). When the model was applied to the three colo-
nies located on-station (i.e. with higher human activity), breed-
ing success was higher than predicted by the model for two
colonies, suggesting that different factors were operating to
influence breeding success there, compared to off-station sites
(Fig. 3). These results may also be interpreted as suggesting
some advantage for Gentoos breeding on-station during the
study period, possibly due to reduced activity of predator
species that are sensitive to human activity (i.e. giant petrels
Macronectes spp.; WOEHLER et al. 2003, CREUWELS et al.
2005), or less food availability for predators (both giant petrels
and Subantarctic skuas Catharacta lonnbergi) within station
limits — although caution is required given the low number of
on-station colonies tested (HOLMES et al. 2006). Determining
the effect of human activity on land-based predators of
penguins remains an important avenue of investigation.

The role of breeding phase

The sensitivity of penguins to visitation is likely to vary with
different stages of breeding, likely reflecting differences in
parental investment through time (TRIVERS 1972, ANDERSSON
et al. 1980), and the different energetic demands of each breed-
ing stage. Royal penguins approached during incubation,
guard, créche and moult (HoLMES 2005), were the most sensi-
tive during incubation, and moult. Incubating and moulting
penguins responded at the greatest distances to a standard
pedestrian stimulus (Fig. 4), with the behaviour of the latter
affected for up to 15 min after the visit occurred. Reducing
potentially harmful effects of human activity during the more
sensitive periods of incubation and moult can be achieved by
minimising visitation, or by promoting greater set-back
distances to birds during these phases. Determining the effect
of human activity on seabirds during key pre-laying activities
of nest prospecting and recruitment remains an important
direction for research.
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Fig. 3: Raw Gentoo penguin Pygoscelis papua colony reproductive success
(mean chicks raised per pair per colony, n = 45) plotted against 95 % confi-
dence intervals (CI) predictions from simple linear (statistical) model explai-
ning breeding success off-station (adjusted R* = 0.61, n = 42). Open circles =
colonies off-station (i.e.. low human activity, n = 42), closed circles = colonies
on-station (i.e. high human activity, n = 3). Dashed lines are the 95 % CI for
the mean, and straight lines are 95 % CI for individual values, from predicted
values from the model. Taken from HOLMES et al. (2006) and produced with
permission of Springer.

Abb. 3: Eselspinguin Pygoscelis papua: Reproduktionserfolg in den Kolonien
(mittlere Zahl von aufgezogenen Kiiken pro Paar und Kolonie, n = 45), abge-
tragen gegen die 95 % Konfidenzinterval (CI). Vorhersage ausgehend von ei-
nem einfachen linearen (statistischen) Modell, das den Bruterfolg aulerhalb
der Stationen erklért (R* = 0,61, n = 42). Offene Kreise = Kolonien auB3erhalb
der Stationen (d.h. geringe menschliche Aktivitit, n = 42), gefiillte Kreise =
Kolonien in Stationsnihe (d.h. hohe menschliche Aktivitit, n = 3). Gestrichel-
te Linien beschreiben das 95 % Konfidenzintervall fiir den Mittelwert, und
durchgehende Linien das 95 % CI fiir individuenbezogene Werte, abgeleitet
von den Modellvorhersagen. Daten aus HOLMES et al. (2006) mit Genehmi-
gung von Springer.

Comparing species responses

Responses to visitation are rarely homogenous across different
avian species (BLUMSTEIN et al. 2003, BLUMSTEIN et al. 2005).
When guarding King, Gentoo and Royal penguins were
exposed to the same human approach stimulus, only Gentoos
significantly altered their behavioural pattern after the
stimulus was removed, suggesting that Gentoos on Macquarie
Island are more sensitive to human activity than either Kings
or Royals (HoLMES 2007). Gentoos were also more likely to
perform some ritualised behaviours (i.e. low threat /display
behaviour), however, the only recorded incidence of abandon-
ing a chick was recorded in King penguins, suggesting that
caution should always be exercised, regardless of species.
Results from this study also suggested that greater efficacy of
self-regulated visits can be achieved through identification of
behaviours likely to indicate a change in the natural activity of
each observed species, including vigilance (e.g. neck exten-
sions and rapid head turning) for all species, and low
threat/display behaviour in Gentoo penguins (HOLMES 2007).
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Fig. 4: Distance at which Royal penguins Eudyptes schlegeli first became
alert, reflected as a cumulative proportion for each breeding phase, when ap-
proached by a single pedestrian from 30 to 5 m during different breeding pha-
ses. From HOLMES (2005)

Abb. 4: Distanz, bei der Haubenpinguine Eudyptes schlegeli zuerst aufmerk-
sam werden; widergespiegelt als kumulativer Anteil fiir jede Brutphase, wenn
sich ein einzelner FuBgidnger von 30 auf 5 m wihrend der unterschiedlichen
Brutphasen dem Nest néhert (aus HOLMES 2005).

APPLICATION OF RESULTS TO BEST PRACTICE
HUMAN-WILDLIFE INTERACTIONS

The results obtained from this project have the most relevance
for management of both government expeditions and commer-
cial tourism on Macquarie Island, and have potential to contri-
bute more widely to management -elsewhere in the
subantarctic and the Antarctic, including scientific, logistic
and commercial activities.

Direct comparisons of the potential impacts from government
expeditions and tourism on wildlife in the region (as done
elsewhere in the Antarctic, RIFFENBURGH 1998) are not straight
forward, given the characteristics of human-interactions from
each group differ widely, hence, wildlife will respond differ-
ently. On Macquarie Island, away from the station, interactions
with wildlife from government expeditioners can be classified
as low in intensity and frequency, while on-station, interac-
tions are relatively high in intensity and frequency. In contrast,
tourism on Macquarie Island is presently irregular in
frequency but high in intensity for those wildlife visited.

Direct application of results from the present studies will be
somewhat limited with respect to commercial tourism, given
that a normal tourist visit on Macquarie Island (i.e. between 40
to 100 people ashore at a time, for one to eight hours, using a
boardwalk and platform to view a Royal penguin colony at
Sandy Bay; Fig. 1) differs significantly from the pedestrian
stimuli tested (i.e. a single person, or group of five people,
approaching once for <5 min). Low annual visitor numbers,
compared to the Antarctic Peninsula, pre-emptive planning
efforts and a strategic approach, mean that tourism on
Macquarie Island appears currently well managed (KRIWOKEN
et al. 2006). However, the responses of wildlife to commercial
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visits on the island have not yet been tested, and were not a
part of this project. A quantitative monitoring protocol, plus
studies to assess how tourism activity influences wildlife, will
be critical for effective future management of tourism on
Macquarie Island (TASMANIAN RESOURCE PLANNING AND
DEVELOPMENT COMMISSION 2005), particularly if industry
interest in Macquarie Island continues to grow (N.
Carmichael, Executive Officer for Macquarie Island,
TASPAWS, pers. comm. 2005), as is occurring elsewhere in
the subantarctic and Antarctic (NAVEEN 2003, TAATO 2005a).

The results from this project will, however, be highly relevant
for managing AAP expeditioner and TASPAWS staff interac-
tion with penguins on the island given: a) the experimental
stimuli used more closely resembled typical expeditioner
activity; and b) at present, AAP expeditioners interact with
wildlife more often than commercial tourists, given expedition-
ers typically have greater access and spend more time on the
island.

The specific management recommendations that emerge from
this project centre around the validity of the 5 m approach
distance guideline, and the various factors that influence its
efficacy as a management tool. Under certain conditions (i.e. a
single person approaching incubating Royal penguins once),
approaches to 5 m appear valid, as they result in behavioural
changes that are minor and transitory, but key factors clearly
influence the effectiveness of this guideline. During more
sensitive breeding phases of moult and incubation, greater set-
back distances would also allow penguins to maintain a
normal activity, and would reduce the likelihood of moulting
birds flushing. These precautionary measures appear particu-
larly warranted for Gentoo penguins, given their apparent
higher sensitivity to visitation compared to Royal and King
penguins on the island. For all species examined, greater set-
back distances should alleviate the behavioural modification
associated with visitation by a group of five people, however it
is unclear how appropriate this would be for larger groups (e.g.
30 to 40 people). In such circumstances, it may be necessary
to maintain even greater distances if the goal of management
were to ensure "normal” or uninterrupted behaviour as a result
from visitation. During this project, empirical evidence indi-
cated that approaches to 30 m (the current guideline recom-
mended in the Australian Antarctic Territory; AAD 2004a)
resulted in no measurable change in penguin behaviour
(HormEs 2005, 2007, HoLMES et al. 2005, 2006). While this
gives managers confidence that a guideline of 30 m could be
highly effective at minimising disturbance there may be
certain impracticalities in applying such a set-back distance.
The current threshold for acceptable human impacts is no
greater than minor or transitory (TASPAWS 2003a), a precau-
tionary approach that results in human activity eliciting no
measurable behavioural response from wildlife would seem
more likely to contribute to more sustainable interactions in
the future (HOLMES et al. 2005), akin to the precautionary prin-
ciple described in the Macquarie Island Draft Management
Plan (TASPAWS 2003a) and implicit in the Protocol on Envi-
ronmental Protection to the Antarctic Treaty (the Madrid
Protocol) (ROTHWELL & Davis 1997, Scort 2001, COHEN
2002).

With any management recommendations generated by empi-
rical studies, there will be practical issues (e.g. safety and logis-
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tics, legal constraints, social and management expectations)
to consider before they can be applied. For example, site
characteristics that allow greater set-back distances to be
implemented (e.g. open, flat terrain), may not feature at
certain wildlife breeding sites where vegetation and topo-
graphy mean that visitors have no safe choice but to approach
wildlife more closely. In such cases, the key results from this
project can still be drawn upon. For example, closer ap-
proaches, with larger groups, and during more sensitive breed-
ing phases, will increase the likelihood of negative impacts to
breeding animals. A more strategic approach for managing
human-wildlife interactions would allow such practicalities to
be integrated with these results, and could result, for example,
in visitors only being directed to colonies that can facilitate
appropriate set-back distances, with limited access to sites
where this may be unachievable.

Distinguishing between breeding and non-breeding penguins
will also be critical to the management of human-wildlife
impacts. Non-breeding penguins can sometimes display an
apparent curiosity toward human visitors, however, these
responses should not be considered typical of breeding wild-
life. Further, visitation to non-breeding penguins that are
situated near breeding groups may indirectly impact upon
adjacent birds, as was suggested by results obtained from King
penguins (HoLMES 2007). Emphasising appropriate visitor
behaviour when near wildlife (i.e. crouching, limiting move-
ments), as identified elsewhere (WILSON et al. 1991, MARTIN
et al. 2004, FERNANDEZ-JURICIC et al. 2005), plus recognising
indicators of altered behavioural patterns (HoLMES 2007), will
also provide important tools to help minimise impact. Finally,
wildlife breeding near areas of regular human activity should
not be considered representative of those breeding in areas of
low human activity, and importantly, they should not be consid-
ered habituated and therefore immune to the effects of human
activity (HOLMES et al.,2006).

Results from this project also have relevance for the manage-
ment of tourism activities on the Antarctic Peninsula. Visitor
numbers to this region are increasing, and applying a strategic
approach to tourism management faces considerable complex-
ities, given the involvement of many sovereign nations
(TrRACEY 2001, ANTARCTIC SOUTHERN OCEAN COALITION 2005,
DowniIE 2005). Timely and relevant planning and management
is required for sustainable Antarctic Peninsula tourism. Site-
specific guidelines represent one such undertaking supported
by both Antarctic Treaty Consultative Parties and the key
tourism industry body, the International Association for Antarc-
tica Tour Operators (IAATO 2005b, UNITED KINGDOM et al.
2005), and yields great potential for more relevant on-ground
management of popular tourist landings. Results from this
project support a site-specific approach to tourism manage-
ment, given the site-specific nature of penguin responses to
human activity recorded (HOLMES et al. 2006).

Elsewhere in the Antarctic and subantarctic, Antarctic Treaty
Consultative Parties will continue to support and undertake
science. Results from this project would prove useful for these
parties when considering the impact of their activities on wild-
life, including undertaking environmental impact assessments
(KRIWOKEN & ROOTES 2000), and instituting minimal impact
approaches to logistics and research activities. However, this
project focussed only on visitation as one source of potential



impact, and there are several other anthropogenic sources of
impact within these regions that warrant close consideration,
including: vehicular activity (GIESE & RIDDLE 1999, HARRIS
2005); disease (AAD 2004b); transfer of alien species (LEWIS
et al. 2003, FReNOT et al. 2005, WHINAM et al. 2005); and the
construction and operation of infrastructure. This project
should therefore be seen as part of a broader investigation and
ongoing review of the effects of human activities on wildlife.

Similarly, on Macquarie Island, this project addresses only one
key environmental issue there. There have been notable
successes in tackling some exotic pests, specifically the eradi-
cation of cats Felis catus (CopSON & WHINAM 2001), and the
development of a plan to eradicate Ship rats Rattus rattus,
European rabbits Oryctolagus cuniculus and the House mouse
Mus musculus (TASPAWS 2003a, DEPARTMENT OF ENVIRON-
MENT AND HERITAGE 2005). Competition with fisheries and
fisheries interactions, including illegal, unreported and unre-
gulated (IUU) fishing (FALLON & KRIWOKEN 2004), represent
issues somewhat more complex, and extend beyond the terres-
trial environment of Macquarie Island, to overlap with the
management of the Southern Ocean (ROBERTSON et al. 2000,
GOLDSWORTHY et al. 2001). On a global scale, climate change
will be one of most difficult challenges natural resource manag-
ers will face in the future (JONES et al. 2003 FRENOT et al.
2005). In contrast, there are far fewer confounding factors that
will impede the effective management of human-wildlife
interactions on Macquarie Island. The results from this project
provide a valuable direction towards implementing best prac-
tice management of human activities near wildlife.

Management arrangements are typically dynamic over time,
and major, future changes to access and logistic support to
Macquarie Island could considerably change the nature of
human activity there (TASPAWS 2003a). For example, while
the majority of wildlife interactions currently occur as a result
of government expeditioner activity, a reduction in govern-
ment support and an increase in commercial interest could
change this dramatically, thus presenting different challenges
for those managing human-wildlife interactions. How this
changes the nature of human activity on Macquarie Island will
be integral in the future interpretation and application of
results from this project.

THE ROLE OF SHORT AND LONG-TERM STUDIES OF
HUMAN — WILDLIFE INTERACTIONS

During this project, parameters easily identified or controlled
by managers were targeted for investigation to evaluate poten-
tial variation in the responses of penguins to pedestrian
activity. However, other intrinsic parameters may have also
significantly influenced such responses. For example, age,
fitness, health, sex or quality of individual seabirds are known
to significantly influence their reproductive success and behav-
iour (SATHER 1990, WEIMERSKIRCH 1992, FORSLAND & PART
1995, MARTIN 1995), and it is reasonable to predict that these
factors may also influence how penguins will respond to
human activity.

Long-term studies will remain a crux component of our under-
standing of the consequences of human — wildlife interactions
in the subantarctic and Antarctic (RIDDLE 2000). Two critical

roles for such studies are to provide: a) context for interpreting
wildlife responses to human activity against a background of
natural variability; and b) information on the cumulative
effects of human activity on wildlife. While projects like the
one presented here cannot replicate long-term data sets within
limited time restrictions, they do play a significant role in
providing evidence towards the proximate mechanisms that
may lead to such long-term outcomes (HIGHAM 1998,
CONSTANTINE 2001, ENGELHARD et al. 2001, ENGELHARD et al.
2002, Lusseau 20034a, 2003B, BEALE & MONAGHAN 20044,
BEALE & MONAGHAN 2004D).

In many cases, pedestrian activity near penguin colonies may
appear to result in no greater than minor or transitory impacts,
and hence, would be considered acceptable under guidelines
applicable to both Macquarie Island and the Antarctic region
more broadly (CoHEN 2002, TASPAWS 2003a). However, it
remains unclear if these minor or transitory impacts can cumu-
late into more harmful outcomes for penguins over periods
longer than one or two breeding seasons. Typical parameters
measured during long-term studies (i.e. population numbers,
breeding success) may only identify impacts once an outcome
greater than minor or transitory is reached. For example, if
human activity was found to depress recruitment into a
penguin population, then it is possible that the existing breed-
ing population may maintain stable levels for some years
without new penguins being recruited. Only when this existing
breeding population declined would an impact be registered
using parameters such as population counts and breeding
success (WOEHLER et al. 1991, WOEHLER et al. 1994). Further,
once such an impact was recognised, population counts and
breeding success measures would not aid in identifying the
proximate mechanisms that led to this outcome. Consequently,
it is the combination of both long-term studies and targeted
experimental studies, such as those within this project, which
will yield the most informative result to detect and manage
potentially harmful human impacts on wildlife and meet the
high conservation management goals in the subantarctic and
Antarctic.

ACKNOWLEDGMENT

The authors wish to thank Hans-Ulrich Peter, Simone Pfeiffer,
Christina Biifler and other members of the Polar and Bird
Ecology Group at Friedrich-Schiller-University in Jena for
bringing the "Human Impact on Terrestrial Habitats in the
Antarctic” workshop to fruition. Thanks to members of the
53" and 54™ ANARE to Macquarie Island for their assistance
in the field, particularly Helen Achurch, Bryan Ries, Alistair
Dermer, Sue Robinson, Martin Schulz and John Lynn, and to
Richard Coleman, Leslie Frost and Glen McPherson for
advice. Thanks to Simone Pfeiffer and Jochen Plétz for
manuscript improvements. This project was financially and
logistically supported by an Australian Antarctic Scientific
Advisory Committee grant, with ethics approval from the
Australian Antarctic Animal Ethics Committee (ASAC project
1148) and the University of Tasmania Animal Ethics
Committee (Approval No. A0006949). Macquarie Island
access permits were issued by the Tasmanian Parks and Wild-
life Service, and scientific permits were issued by the Nature
Conservation Branch of the Tasmanian Department of Primary
Industries, Water and Environment (DPIWE) (Permit No. MI

13



02188). This study was also financially supported by Birds
Australia, the School of Geography & Environmental Studies,
University of Tasmania and the Cooperative Research Centre
for Sustainable Tourism and the Holsworth Wildlife Research
Fund.

References

AAD (2002): Environmental code of conduct for Australian field activities in
Antarctica.- Australian Antarctic Division, Kingston, Tasmania.

AAD (2004a): Minimum approach distances to wildlife in Antarctica.- Austra-
lian Antarctic Division, accessed 30 October 2004.- http://www.aad.
gov.au/default.asp?casid=2948

AAD (2004b): Unusual animal mortality response plan.- Australian Antarctic
Division, Kingston.

Andersson, M., Wiklund, C.G. & Rundgren, H. (1980): Parental defence of
offspring: a model and an example.- Animal Behaviour 28: 536-542.
Antarctic Southern Ocean Coalition (2005): Some legal issues posed by
Antarctic tourism. Information Paper 71.- Antarctic Treaty Consultative

Meeting XXVIII, Stockholm, Sweden.

Antarctica New Zealand (2000): Environmental stewardship. Conservation of
Flora and Fauna.- accessed 31 March 2004.
http://www.antarcticanz.govt.nz/Pages/Environment/FloraFauna.msa

Ball, N.J. & Amlaner Jr, C.J. (1980): Changing heart rates of Herring Gulls
when approached by humans.- In: C.J. AMLANER JR & D.W. MC-
DONALD (eds), A Handbook on Biotelemetry and Radiotracking.
Pergamon Press, Oxford, 589-594.

Beale, C.M. & Monaghan, P (2004a): Behavioural responses to human distur-
bance: a matter of choice?- Animal Behaviour 68: 1065-1069.

Beale, C.M. & Monaghan, P (2004b): Human disturbance: people as preda-
tion-free predators?- J. Applied Ecology 41: 335-343.

Blumstein, D.T., Anthony, L.L., Harcourt, R. & Ross, G. (2003): Testing a key
assumption in wildlife buffer zones: is flight initiation distance a species-
specific trait?- Biological Conservation 110: 97-100.

Blumstein, D.T,, Fernandez-Juricic, E., Zollner, PA. & Garity, S.C. (2005):
Inter-specific variation in avian responses to human disturbance.- J.
Applied Ecology 42: 943-953.

Bolduc, F & Guillemette, M. (2003): Human disturbance and nesting success
of Common Eiders: interaction between visitors and gulls.- Biological
Conservation 110: 77-83.

Bright, A., Reynolds, G.R., Innes, J. & Waas, J.R. (2003): Effects of motorised
boat passes on the time budgets of New Zealand dabchick, Poliocephalus
rufopectus.- Wildlife Research 30: 237-244.

Cobley, N.D. & Shears, JR. (1999): Breeding performance of Gentoo
penguins (Pygoscelis papua) at a colony exposed to high levels of human
disturbance.- Polar Biology 21: 355-360.

Cobley, N.D., Shears, JR. & Downie, R.H. (2000): The impacts of tourists on
Gentoo penguins at Port Lockroy, Antarctic Peninsula.- In: W. DAVISON,
C. HOWARD-WILLIAMS & P. BROADY (eds), Antarctic Ecosystems:
Models for Wider Ecological Understanding. New Zealand Natural
Sciences, Christchurch, 319-323.

Cohen, H.K. (2002): Handbook to the Antarctic Treaty, 9th edn.- U.S. Depart-
ment of State, Washington DC.

Constantine, R. (2001): Increased avoidance of swimmers by wild bottlenose
dolphins (Tursiops truncatus) due to long-term exposure to swim-with-
dolphin tourism.- Marine Mammal Science 17: 689-702.

Copson, G. & Whinam, J. (2001): Review of ecological restoration programme
on subantarctic Macquarie Island: Pest management progress and future
directions.- Ecol. Restoration and Management 2: 129-138.

Council for Environmental Protection (2004): Summary of Initial Environ-
mental Evaluations (IEE) prepared since 1987.- Australian Antarctic
Division for the CEP under the Antartic Treaty, accessed 31 October
2005. http://www.cep.aq/default.asp?casid=5083

Creuwels, J.C.S., Stark, J.S., Woehler, E.J., van Franeker, JA. & Ribic, C.A.
(2005): Monitoring of a Southern Giant Petrel Macronectes giganteus
population on the Frazier Islands, Wilkes Land, Antarctica.- Polar Biology
28: 483-493.

Culik, B.M., Adelung, D. & Woakes, A.J. (1990): The effect of disturbance on
the heart rate and behaviour of Adélie Penguins (Pygoscelis adeliae)
during the breeding season.- In: K.R. KERRY & G. HEMPEL (eds),
Antarctic Ecosystems. Ecological Change and Conservation. Springer-
Verlag, Berlin, 177-182.

Culik, B.M. & Wilson, R.P. (1995): Penguins disturbed by tourists.- Nature
376:301-302.

Department of Environment and Heritage (2005): Population status and
threats to ten seabird species listed as threatened under the Environment
Protection and Biodiversity Conservation Act 1999.- Department of Envi-

14

ronment and Heritage, Canberra.

Downie, R.H. (2005): Deception Island - a trailblazer in Antarctic site mana-
gement.- Human impacts on terrestrial habitats in the Antarctic
Workshop, 22nd Internat. Polar Meeting, 18-24 Sept., Jena, Germany.

Dunlop, JN. (1996): Habituation to human disturbance by breeding Bridled
Terns Sterna anaethetus.- Corella 20: 13-16.

Engelhard, G.H., Baarspul, A.N.J., Broekman, M., Creuwels, J.C.S. & Reijn-
ders, PJ.H. (2002): Human disturbance, nursing behaviour, and lacta-
tional pup growth in a declining Southern Elephant seal (Mirounga
leonina) population.- Canadian J. Zoology 80: 1876-1886.

Engelhard, G.H., Van Den Hoff, J.,, Broekman, M., Baarspul, A.N.J.,, Field, I,
Burton, HR. & Reijnders, PJ.H. (2001): Mass of weaned elephant seal
pups in areas of low and high human presence.- Polar Biology 24: 244-
251.

Fallon, L.D. & Kriwoken, L.K. (2004): International influence of an Australian
non-governmental organisation in the protection of Patagonian toothfish.-
Ocean Development & Internat. Law 35: 221-266.

Fernandez-Juricic, E., Venier, PV, Renison, D. & Blumstein, D.T. (2005):
Sensitivity of wildlife to spatial patterns or recreationist behavior: A
critical assessment of minimum approaching distances and buffer areas
for grassland birds.- Biological Conservation 125: 225-235.

Forsland, P & Pdrt, P (1995): Age and reproduction in birds - hypotheses and
tests.- Trends in Ecology & Evolution 10: 374-378.

Fowler, G.S. (1999): Behavioral and hormonal responses of Magellanic
penguins (Spheniscus magellanicus) to tourism and nest site visitation.-
Biological Conservation 90: 143-149.

Frenot, Y., Chown, S.L., Whinam, J., Selkirk, PM., Convey, P, Skotnicki, M. &
Bergstrom, D.M. (2005): Biological invasions in the Antarctic: extent,
impacts and implications.- Biological Reviews 80: 45-72.

Frid, A. & Dill, L. (2002): Human-caused disturbance stimuli as a form of
predation risk.- Conservation Ecology 6: 11 [online] http://www.ecolo-
gyandsociety.org/vol6/issl/art11.

Geist, C., Liao, J.,, Libby, S. & Blumstein, D.T. (2005): Does intruder group
size and orientation affect flight initiation distance in birds?- Animal
Biodiversity & Conservation 28: 69-73.

Giese, M. (1996): Effects of human activity on Adélie penguin Pygoscelis
adeliae breeding success.- Biological Conservation 75: 157-164.

Giese, M. (1998): Guidelines for people approaching breeding groups of
Adélie penguins (Pygoscelis adeliae).- Polar Record 34: 287-292.

Giese, M. & Riddle, M. (1999): Disturbance of Emperor penguin Aptenodytes
forsteri chicks by helicopters.- Polar Biology 22: 366-371.

Goldsworthy, S.D., He, X., Tuck, G.N., Lewis, M. & Williams, R. (2001):
Trophic interactions between the Patagonian Toothfish, its fishery, and
seals and seabirds around Macquarie Island.- Marine Ecology Progress
Series 218: 283-302.

Gotmark, F (1992): The effects of investigator disturbance on nesting birds.-
In: D.M. POWER (ed), Current Ornithology. Vol. 9. Plennum Press, New
York, 63-104.

Harris, C.M. (2005): Aircraft operations near concentrations of birds in Antar-
ctica: The development of practical guidelines.- Biological Conservation
125:309-322.

Higham, J.E.S. (1998): Tourists and Albatrosses: the dynamics of tourism at
the Northern Royal Albatross colony, Taiaroa Head, New Zealand.-
Tourism Management 19: 521-531.

Holmes, N.D. (2005): Investigating the variation in penguin responses to pede-
strian activity on subantarctic Macquarie Island.- PhD Thesis. School of
Geography and Environmental Studies, University of Tasmania, Hobart.

Holmes, N.D. (2007): Comparing King, Gentoo and Royal penguin responses
to pedestrian visitation.-J. Wildlife Management 71.

Holmes, N.D., Giese, M., Achurch, H.A., Robinson, S.A. & Kriwoken, L.K.
(2006): Behaviour and breeding success of gentoo penguins Pygoscelis
papua in areas of high and low human activity.- Polar Biology 29: 399-
412.

Holmes, N.D., Giese, M. & Kriwoken, L.K. (2005): Testing the minimum
approach distance guidelines for incubating Royal penguins Eudyptes
schlegeli.- Biological Conservation 126: 339-350.

IAATO (2003): International Association of Antarctic Tour Operators: Marine
wildlife watching guidelines (whales & dolphins, seals & seabirds).-
Internat. Association of Antarctic Tour Operators, Colorado.

IAATO (2005a): International Association of Antarctica Tour Operators.-,
accessed 31 March 2005. http://www.iaato.org/

I4AATO (2005b): Site guidelines analysis. Information paper 81.- Antarctic
Treaty Consultative Meeting XXVIII, Stockholm, Sweden.

Ikuta, L.A. & Blumstein, D.T. (2003): Do fences protect birds from human
disturbance?- Biological Conservation 112: 447-452.

Jones, A.G., Chown, S.L., Ryan, PG., Gremmen, N.JM. & Gaston, K.J. (2003):
A review of conservation threats on Gough Island: a case study for terre-
strial conservation in the Southern Oceans.- Biological Conservation 113:
75-87.

Keller; V. (1989): Variations in the response of Great Crested Grebes Podiceps
cristatus to human disturbance - A sign of adaption?- Biological Conser-
vation 49: 31-45.



Knight, R.L. & Cole, D.N. (1995): Factors that influence wildlife responses to
recreationists.- In: R.L. KNIGHT & K. GUTZWILLER (eds), Wildlife
and Recreationists. Coexistence through Management and Research.
Island Press, Washington D.C., 71-79.

Kriwoken, L.K., Ellis, C. & Holmes, N.D. (2006): Cold island tourism and
Australia's wet, wild and windy sub-Antarctic Macquarie Island.- In: G.
Baldacchino (ed), Extreme, Cold Water, Island Tourism. Elsevier.

Kriwoken, L.K. & Rootes, D. (2000): Tourism on ice: environmental impact
assessment of Antarctic tourism.- Impact Assessment and Project
Appraisal 18: 138-150.

Lewis, PN., Hewitt, C.L., Riddle, M. & McMinn, A. (2003): Marine introduc-
tions in the Southern Ocean: an unrecognised hazard to biodiversity.-
Marine Pollution Bulletin 46: 213-223.

Lord, A., Waas, JR., Innes, J. & Whittingham, M.J. (2001): Effects of human
approaches to nests of Northern New Zealand Dotterels.- Biological
Conservation 98: 233-240.

Lusseau, D. (2003a): Effects of tour boats on the behavior of bottlenose
dolphins: Using Markov chains to model anthropogenic impacts.-
Conservation Biology 17: 1785-1793.

Lusseau, D. (2003b): Male and female bottlenose dolphins Tursiops spp. have
different strategies to avoid interactions with tour boats in Doubtful
Sound, New Zealand.- Marine Ecology-Progress Series 257: 267-274.

Martin, J., de Neve, L., Fargallo, J.A., Polo, V. & Soler, M. (2004): Factors
affecting the escape behaviour of juvenile Chinstrap penguins, Pygo-
scelis antarctica, in response to human disturbance.- Polar Biology 27:
775-781.

Martin, K. (1995): Patterns and mechanisms for age-dependent reproduction
and survival in birds.- American Zoologist 35: 340-348.

McClung, M.R., Seddon, PJ., Massaro, M. & Setiawan, A.N. (2004): Nature-
based tourism impacts on Yellow-eyed penguins Megadyptes antipodes:
does unregulated visitor access affect fledging weight and juvenile
survival?- Biological Conservation 119: 279-285.

Naveen, R. (2003): Compendium of Antarctic peninsula visitor sites. 2nd edn.
A report to the United States Environmental Protection Agency.- Ocea-
nites Inc., Chevy Chase, Maryland.

Nimon, A.J., Schroter, R.C. & Stonehouse, B. (1995): Heart rate of disturbed
penguins.- Nature 374: 415.

Nisbet, I.C.T. (2000): Disturbance, habituation and management of waterbird
colonies - commentary.- Waterbirds 23: 312-332.

Noldus Information Technology (2002): The Observer 5.0: software for collec-
tion, analysis and presentation of observational data.- Noldus Information
Technology, Wageningen.

Patterson, D.L., Easter-Pilcher, A.L. & Fraser, WR. (2003): The effects of
human activity and environmental variability on long-term changes in
Adélie penguin populations at Palmer Station, Antarctica.- In: A.H.L.
HUISKES, W.W.C. GIESKES, J. ROZEMA, RM.L. SCHORNO, S.M.
VAN DER VIES & W.J. WOLFF (eds), Antarctic Biology in a Global
Context. Backhuys Publishers, Leiden, The Netherlands, 301-307.

Patterson, D.L. & Fraser, W.R. (1998): Long-term changes in Adélie Penguin
populations: human impacts or environmental variability?- New Zealand
Natural Science 23 (supplement): 147.

Pfeiffer, S. & Peter, H.U. (2004): Ecological studies toward the management of
an Antarctic tourist landing site (Penguin Island, South Shetland Islands).-
Polar Record 40: 345-353.

Riddle, M. (2000): Scientific studies of Antarctic life are still the essential
basis for long-term conservation measures.- In: W. DAVISON, C.
HOWARD-WILLIAMS & P. BROADY (eds), Antarctic Ecosystems:
Models for Wider Ecological Understanding. New Zealand Natural
Sciences, Christchurch, 297-302.

Riffenburgh, B. (1998): Impacts on the Antarctic environment: tourism vs
government programs.- Polar Record 34: 193-196.

Robertson, G., Gales, R. & Alexander, K. (2000): The incidental morality of
albatrosses in longline fisheries.- Australian Antarctic Division, King-
ston.

Rodgers, JA. & Smith, H.T. (1995): Set-back distances to protect nesting bird
colonies from human disturbance in Florida.- Conservation Biology 9:
89-99.

Rodgers, JA. & Smith, H.T. (1997): Buffer zone distances to protect foraging
and loafing waterbirds from human disturbance in Florida.- Wildlife
Society Bulletin 25: 139-145.

Rothwell, D.R. & Davis, R. (1997): Antarctic Environmental Protection. A
Collection of Australian and International Instruments.- The Federation
Press, Leichhardt, NSW.

Scether, B. (1990): Age-specific variation in reproductive performance in
birds.- Current Ornithology 7: 251-283.

Scott, S.V. (2001): How cautious is precautious? Antarctic tourism and the
precautionary principle.- Internat. Comparative Law Quarterly 50: 963-
971

Tasmanian Resource Planning and Development Commission (2005): Report
on the Macquarie Island Nature Reserve and World Heritage Area Draft
Management Plan 2003.- Tasmanian Resource Planning and Develop-
ment Commission, Hobart, Tasmania.

TASPAWS (2001): Guidelines for tourist operations and visits to Macquarie
Island Nature Reserve World Heritage Area 2002 - 2003.- Tasmanian
Parks and Wildlife Service, Hobart.

TASPAWS (2003a): Macquarie Island Nature Reserve and World Heritage
Area draft management plan 2003.- Tasmanian Parks and Wildlife
Service, Hobart.

TASPAWS (2003b): Parks and places. Macquarie Island World Heritage Area.
Minimum Impact Code.- Tasmanian Parks and Wildlife Service, Hobart.

Tracey, PJ. (2001): Managing Antarctic Tourism.- PhD Thesis. Institute of
Antarctic and Southern Ocean Studies, University of Tasmania, Hobart.

Trivers, R.L. (1972): Parental investment and sexual selection.- In: B. CAMP-
BELL (ed), Sexual selection and the descent of man, 1871-1971. Aldine-
Atherton, Chicago, 136-179.

Umweltbundesamt (2002): Leitfaden fiir Besucher der Antarktis.- Umwelt-
bundesamt, Berlin.

United Kingdom, Australia & United States (2005): Site guidelines for land-
based tourist-visited sites. Working paper 31 Revision 1.- Antarctic Treaty
Consultative Meeting XXVIII, Stockholm, Sweden.

Weimerskirch, H. (1992): Reproductive effort in long-lived birds: age specific
patterns of condition, reproduction and survival in the Wandering Alba-
tross.- Oikos 64: 464-473.

Whinam, J., Chilcott, N. & Bergstrom, D.M. (2005): Subantarctic hitchhikers:
expeditioners as vectors for the introduction of alien organisms.- Biolo-
gical Conservation 121: 207-219.

Wilson, R.P, Culik, B., Danfeld, R. & Adelung, D. (1991): People in Antarctica
- how much do Adélie penguins Pygoscelis adeliae really care?- Polar
Biology 11: 363-370.

Woehler, E.J., Penney, R.L., Creet, S.M. & Burton, H.R. (1994): Impacts of
human visitors on breeding success and long-term population trends in
Adélie penguins at Casey, Antarctica.- Polar Biology 14: 169-274.

Woehler, E.J., Riddle, M. & Ribic, C.A. (2003): Long-term population trends
in southern giant petrels in East Antarctica.- In: A.H.L. HUISKES,
W.W.C. GIESKES, J. ROZEMA, R.M.L. SCHORNO, S.M. VAN DER
VIES, W.J. WOLFF (eds), Antarctic Biology in a Global Context. Back-
huys Publishers, Leiden, 290-295.

Woehler, E.J., Slip, D.J., Robertson, L.M., Fullagar, PJ. & Burton, H.R.
(1991): The distribution, abundance and status of Adélie penguins Pygos-
celis adeliae at the Windmill Islands, Wilkes Land, Antarctica.- Marine
Ornithology 19.

Yorio, P & Boersma, PD. (1992): The effects of human disturbance on Magel-
lanic penguin Spheniscus magellanicus behaviour and breeding success.-
Bird Conservation International 2: 161-173.

Yorio, P & Quintana, F (1996): Effectos del disturbio humano sobre una
colonia mixta de aves marinas en patagonia.- Hornero 14: 60-66.

15



