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Abstract
Seabirds live in extreme environments. After fledging, they spend the majority of their lives foraging
on the vast ocean landscape, coming to shore only to breed. Most seabirds also exhibit strong pairbonding, monogamy, and philopatry. These behavioural and ecological traits make them fascinating
subjects for sensory ecology research. Sensory perception is integral in all aspects of seabird biology,
including sexual selection, evolution, and ecology. Seabirds are also one of the most at-risk groups of
birds in the world due to threats faced both at sea and on sensitive breeding colonies, and sensory-based
management efforts offer a powerful new approach for conservation.
Firstly, this thesis examines the use of seabird sensory ecology from an applied conservation
perspective.

A comprehensive review of the uses of sensory –based techniques highlights the

importance of this field for the conservation of seabirds indicates how these methods could be applied
to other taxa with similar life histories and behaviours (Chapter 1 in press, Biological Reviews).
Experiments testing the use of sensory stimuli for the attraction of grey-faced petrels (Pterodroma
gouldi) to restored habitat (Chapter 2) indicate that not all sensory modes, or acoustic stimuli, are
equally effective. Playback of attractive calls and supernormal acoustic signals were more effectiv than
aggressive calls. Naturally scented nest material neither attracted nor deterred birds from nest boxes.
Secondly, I examine the sensory ecology of seabirds from a theoretical perspective. Procellariiform
seabirds such as petrels, shearwaters, storm petrels and albatross, are a more basal avian lineage and
have some sensory traits that reflect their phylogeny (e.g. large olfactory bulb ratios), and have been
thought to lack the ability to learn complex communication that is exhibited in songbirds (Oscines).
ix

Investigations into grey-faced petrel vocalizations revealed previously unknown complexities of their
call repertoires (Chapter 3) and experimental manipulations indicate the first ever evidence of vocal
matching in a seabird species (Chapter 4). Finally, this thesis examines olfactory communication and
offers the first demonstration of a phylogenetic basis of odour in birds. Odour composition was linked
to species and phylogenetic relatedness, for six species of seabirds from two orders (five
Procellariiformes and one Sphenisciformes- penguins). By using a holistic approach, this thesis shows
the centrality of sensory ecology in seabird biology, the complexity of seabird sensory adaptations, and
how these can be harnessed in conservation.
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Introduction

Introduction & Thesis Outline
Sensory ecology is a broad field that aims to understand the perceptual world of animals, including
information transmission. To investigate how animals communicate and identify important sensory
modalities, the behavioural context and evolution of traits must be understood (Stevens 2013).
Seabirds (particularly Procellariiformes- tube-nosed seabirds including petrels, shearwaters, and storm
petrels) face interesting perceptual challenges, including navigating across immense ocean landscapes
(Lohmann et al. 2008), nesting in dense colonies where identification and communication is strained
(Schreiber & Burger 2001), and returning to colonies at night when light is limited (McNeil et al. 1993,
Imber 1975).

In addition to their unique sensory constraints, seabirds are also one of the most

threatened groups of birds (Croxall et al. 2012), and the study of their sensory world can inform the
successful conservation of at-risk species.
This thesis investigates the sensory adaptations of procellariiform seabirds, by combining sensory
ecology with the fields of conservation biology, behavioural ecology, evolution, and incorporating field
experimentation, and laboratory techniques. The results unravel the intricacies of sensory adaptations in
seabirds, especially in grey-faced petrels (Pterodroma gouldi). The chapters have been written for
publication and according to the formatting preferences of each journal.
Chapter 1 is a quantitative review of seabird conservation efforts that have used sensory mechanisms.
Here, we introduce the field of sensory-based conservation as it pertains to seabirds, analyse the
success of conservation efforts in each seabird order and with associated behaviours. Specifically, we
describe the use of acoustic, visual, and olfactory forms of seabird conservation particularly as it
pertains to attracting seabirds to restored breeding sites and deterring seabirds from bycatch threats.
We also describe how the concept of sensory-based ecology can be more broadly applied to other taxa,
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especially those that share similar ecological constraints and behaviours as seabirds. This paper is
accepted and in press in Biological Reviews.
Chapter 2 experimentally tests the use of acoustic and olfactory cues for the attraction of
Procellariiformes to restored breeding habitat. Here I test the use of vocalizations that are associated
with aggressive and attractive behaviour, in addition to a supernormal stimulus for the effectiveness of
acoustic attraction techniques. Additionally, I test the use of conspecific odour attractants in artificial
nesting boxes to enhance the use of boxes for breeding in grey-faced petrels and fluttering shearwaters
(Puffinus gavia). Chapter 2 is formatted for submission to the Journal of Applied Ecology.
Chapter 3 addresses the vocal behaviour of grey-faced petrels. This chapter analyses the repertoire of
this Pterodroma species and tests geographical variation within a common call type, and sexual
differences in a call produced by both males and females. Additionally, I show evidence for several
unique vocal traits including the first potential for double voice features in a Procellariiformes. Chapter
3 is formatted for submission to PLOS ONE.
Chapter 4 shows the first evidence that a seabird species (grey-faced petrels) vocally match other
individuals, a behaviour associated with advanced cognition and sophisticated communication not
generally attributed to seabirds, a basal lineage. In this chapter, I experimented with the ability of this
species to primarily match the frequency of conspecific calls and also a supernormal stimulus. This
experiment not only shows the novel ability of a seabird to do vocal matching, but provides the first
ever indication that seabirds potentially exhibit vocal learning. Chapter 4 is formatted for submission to
Nature.
Chapter 5 investigates the odour profiles of six seabird species (5 Procellariiformes: grey-faced petrels,
fluttering shearwaters, littler shearwaters, Puffinus assimilis, diving petrels, Pelecanoides urinatrix,
white-faced storm petrels, Pelagodroma marina; and 1 Sphenisciformes, little penguin, Eudyptula
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minor). I show distinctions between odour profiles, and the first indication that seabird odours are
phylogenetically linked. Chapter 5 is formatted for submission to Marine Ecology Progress Series.
Chapter 6 is a conclusion that discusses how this thesis contributes to the fields of animal behaviour,
evolutionary ecology, and conservation. The findings from my research show that sensory ecology is
critical in understanding all aspects of seabird biology, and the novel findings open many future
avenues of research in this field.
Data from this thesis is archived with my supervisor Dr. Anne Gaskett (a.gaskett@auckland.ac.nz).
The Appendices include a short note on the first report of a penguin species killing petrels in
competition for artificial nesting habitat, published in Notornis. Additionally, I have included reports
from other contracted (through Auckland Council, NZ Department of Conservation) seabird
conservation projects that I worked on during my PhD (related to seabird restoration and bycatch
mitigation).
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Chapter One: Sensory-based conservation of seabirds: a review of
management strategies and animal behaviours that facilitate success
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1
Sensory-based conservation of seabirds: a review of management
strategies and animal behaviours that facilitate success

Megan R. Friesen*, Jacqueline R. Beggs and Anne C. Gaskett
In press in Biological Reviews

1.1 ABSTRACT
Sensory-based conservation harnesses species’ natural communication and signalling behaviours to
mitigate threats to wild populations. To evaluate this emerging field, we assess how sensory-based
manipulations, sensory mode, and target taxa affect success. To facilitate broader, cross-species
application of successful techniques, we test which behavioural and life-history traits correlate with
positive conservation outcomes. We focus on seabirds, one of the world’s most rapidly declining
groups, whose philopatry, activity patterns, foraging, mate choice, and parental care behaviours all
involve reliance on, and therefore strong selection for, sophisticated sensory physiology and accurate
assessment of intra- and inter-species signals and cues in several sensory modes. We review the use of
auditory, olfactory, and visual methods, especially for attracting seabirds to newly restored habitat or
deterring birds from fishing boats and equipment. We found that more sensory-based conservation has
been attempted with Procellariiformes (tube-nosed seabirds) and Charadriiformes (e.g. terns and gulls)
than other orders, and that successful outcomes are more likely for Procellariiformes. Evolutionary and
behavioural traits are likely to facilitate sensory-based techniques, such as social attraction to suitable
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habitat, across seabird species. More broadly, successful application of sensory-based conservation to
other at-risk animal groups is likely to be associated with these behavioural and life-history traits:
coloniality, philopatry, nocturnal, migratory, long-distance foraging, parental care, and pair
bonds/monogamy.

Key words: attraction, bycatch, chemoreception, olfactory, playback, sensory ecology, translocation,
vocalization, wildlife management.

1.2 INTRODUCTION
Conservation biology traditionally focusses on reducing key threats such as habitat loss or overfishing
(Soulé, 1985). More recently, conservation has begun to integrate evolutionary biology and the natural
behaviours of target species (Crandall et al., 2000). Sensory ecology offers a powerful opportunity to
influence animal behaviour for management purposes because acoustic, olfactory, and visual cues and
signals are fundamental in many interactions with conspecifics, prey, predators, the environment, and
human activities. However, sensory-based conservation efforts often produce variable results and can
lack adequate controls. This popular and emerging sub-discipline of conservation biology merits
rigorous review to improve success rates, and importantly, to facilitate application of effective
techniques to a wider range of at-risk species by identifying key behavioural and life-history traits
associated with successful conservation attempts.

Seabirds are excellent candidates for sensory-based conservation because they employ a range of
sensory modes, display complex behaviours and cognition (Schreiber & Burger 2001), and are often
highly threatened (IUCN, 2014; Croxall et al., 2012; Paleczny et al., 2015). Seabirds have experienced
steep recent population declines – 28% of the ~347 seabird species are globally threatened and 5% are
critically endangered (Croxall et al., 2012). Key orders include the Procellariiformes (tube-nosed
6
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seabirds), Sphenisciformes (penguins), Suliformes (gannets and boobies), some species of
Charadriiformes (e.g. terns), Pelecaniformes (e.g. pelicans), and Phaethontiformes (tropicbirds). Of
these orders, the Procellariiformes and Sphenisciformes are the most threatened, both on land and at sea
(Croxall et al., 2012). On land, colonies succumb to residential and recreational development (Beatley,
1991), and even protected sites are nearly always threatened by physical disturbance or invasive
predators (rats, cats, dogs, and mustelids; Burger & Gochfeld, 1994; Micol & Jouventin, 1995). At sea,
one of the greatest threats is incidental bycatch by fishing vessels, especially when ensnared by hooked
baits and longlines (Brothers, 1991; Bull, 2007; Tasker et al., 2000; Murray et al., 1993; Richard,
Abraham & Filippi, 2011; Taylor, 2000). Estimates exceed 160,000 seabirds killed per year across 68
fisheries (Anderson et al., 2011). These threats make seabird conservation a priority, ideally via
practical, cost-effective techniques that can be applied generally across many species. Fortunately,
seabirds’ shared life-history traits and sophisticated sensory systems mean that sensory-based
conservation techniques are a strategic option.

Traditionally, seabird conservation managers have focused on pest eradication, chick translocations,
fisheries bycatch reductions, and social attraction to restored nesting sites (e.g. Jones & Kress, 2012;
Parker et al., 2007). Although rarely explicitly recognized, sensory-based techniques are often used
(Table 1) with variable success (see Section IV). Attracting birds to secure nesting habitat often
involves broadcasting vocalizations or installing decoys to suggest a burgeoning colony (Kress, 1998;
Gummer, 2003; Miskelly & Taylor, 2004; Table 1). Bycatch reduction techniques involve equipping
fishing vessels with unpleasant sounds or vibrant visual banners, as well as changing the timing of line
setting and hook weighting (Bull, 2007). Again, effectiveness varies (Table 1), especially based on
species’ responses to specific threats (for a review see Melvin, Parrish & Conquest, 1999). Despite the
popularity of these sensory-based conservation efforts, there is little recognition that their success
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depends upon evolved behaviours and sensory ecology, and that measuring success requires
comparison to unmanipulated controls.

Seabirds have evolved a variety of unique physiological and sensory adaptions in response to the
selective pressures imposed by their pelagic and colonial lifestyle. Seabirds live almost entirely at sea
where foraging and navigation requires long-distance sensory modes that are less apparent in nonpelagic birds (Stager, 1967; Hunt & Schneider, 1987; Jarvis et al., 2014; Boyd & Croxall, 1996). For
example, many seabird taxa can see fish under the ocean surface (e.g. albatross; Martin, 1998) or
forage via chemical cues (e.g. Procellariiformes and Sphenisciformes; Pollonara et al., 2015;
Cunningham, Strauss & Ryan, 2008; Nevitt, Veit & Kareiva, 1995). Natal philopatry and colonial
breeding mean many seabird species must also navigate to, assess and recognize their breeding
colonies, which are often on isolated islands (Schreiber & Burger, 2001). Some species use audition;
playback experiments with recorded bird calls can emulate this (e.g. for Galápagos petrels Pterodroma
phaeopygia; Podolsky & Kress, 1992). Seabirds may also use scents to locate colonies (Bonadonna,
Spaggiari & Weimerskirch, 2001; Grubb, 1973). For example, when Cory’s shearwaters (Calonectris
borealis) were made anosmic, orientation and navigation were impaired and they could not return to
their colony when displaced (Gagliardo et al., 2013).

Seabird colonies may have thousands of birds (Schreiber & Burger, 2001), selecting for mechanisms to
identify mates or nests within a crowd. Some seabirds can use vocalizations to find chicks after
foraging bouts (e.g. Adélie and gentoo penguins, Pygoscelis adeliae and P. papua; Aubin & Jouventin,
2002). Visual discrimination is unlikely for nocturnal seabirds such as Procellariformes, which instead
can use olfactory signals to identify species or individuals (Bonadonna & Mardon, 2010; Bonadonna et
al., 2007; Bonadonna & Nevitt, 2004; Mardon et al., 2010). A classic test with captive nocturnal
Leach’s storm petrels (Oceanodroma leucorrhoa) found they were more likely to orient to the smell of
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conspecific nesting material than a control forest odour (Grubb, 1974), although the role of individual
versus conspecific odours in this experiment is unclear. Chemosensory communication is not
necessarily restricted to nocturnal species; diurnal black-legged kittiwakes (Rissa tridactyla; Laridae)
have both individual and sex differences in odour (Leclaire et al., 2011).

Another seabird life-history trait selecting for sophisticated sensory behaviour is monogamy and the
formation of long-term pair bonds, necessitating accurate assessment of conspecific quality during mate
choice (Schreiber & Burger, 2001; Warham, 1990). Breeding birds often use vocal signals to
differentiate between sexes (Brooke, 1978; James, 1984; Storey, 1984; Taoka & Okumura, 1990).
Amongst closely related shearwater species, both sex- and species-specific vocalizations are common
(Curé et al., 2012). For example, the exhalent, low part of the call is sufficient for species
discrimination between Yelkouan (Puffinus yelkouan), Balearic (P. mauretanicus) and Cory’s
shearwaters, and is likely also important for sexual differentiation (Curé et al., 2012). By contrast, in
the Australasian gannet (Morus serrator), male and female vocalizations do not appear to differ (Krull
et al., 2012), but plumage colour does when modelled into a bird visual system (Ismar et al., 2014).
Mate choice via assessment of visual signals is well documented, e.g. the brightly coloured legs of the
blue-footed booby (Sula nebouxii) indicate individual quality, and affect mate choice, and therefore
male breeding success (Velando, Beamonte-Barrientos & Torres, 2006). Similarly, male frigatebirds
(Fregata spp.) use distinctive red gular pouches in sexual displays (Juola, McGraw & Dearborn, 2008).
Evidence for mate choice via odour cues is rare for seabirds, however the major histocompatibility
complex (MHC), which is associated with immune function and individual odours, influenced mate
choice in the blue petrel (Halobaena caerulea; Strandh et al., 2012). In short, seabirds have evolved
unique behaviours which in turn require sophisticated sensory mechanisms. These involve several
signal modes, conspecific and heterospecific signals, and long- and short-distance signal reception – all
of which could be harnessed for conservation and management.
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Although we focus on seabirds, our findings can be broadly applied to other animals with similar
foraging, navigation, colonial, mate choice, and individual and breeding-site recognition behaviours.
We analyse how sensory traits associated with these behaviours can be co-opted for conservation
purposes, highlighting which approaches and taxa yield the greatest conservation benefits. We begin by
reviewing the seabird literature to describe and quantify the range of sensory-based conservation
techniques, factors associated with success, and the general potential for sensory-based conservation
biology. We assess research effort according to seabird taxonomic groups (Section II, Fig. 1), and the
sensory mode manipulated (auditory, olfactory, visual, or combined; Fig. 2). Importantly, we provide a
summary list of behaviours typically associated with successful sensory-based conservation efforts in
seabirds, which can be broadly applied to other at-risk taxa. An understanding of the uses and
ecological basis of sensory-based techniques is critical for improving conservation efforts, and heralds
a new, more evolutionary approach to species management.

1.3 METHODS
We searched for publications on seabird conservation and management efforts that explicitly involved
the target species’ auditory, visual, or olfactory senses using two databases (Google Scholar, Scopus) in
English, with no limit on year. Database searches were made using a combination of the words:
auditory, vocalization, playback, visual, decoy, olfactory, odour, sensory AND seabird conservation (N
studies yielded in Google Scholar = 18,500 of which first 3000 were searched based on relevance, N
studies yielded in Scopus = 158; total N of studies included from both databases = 13 plus 2 reviews)
OR seabird colony attraction (N studies yielded in Google Scholar = 7230 of which first 2000 were
searched, N studies yielded in Scopus = 61; total N studies included from both databases not included in
previous search = 4) OR seabird bycatch (N studies yielded in Google Scholar = 3890 of which first
1000 were searched, N studies yielded in Scopus = 26; total N studies included from both databases not
10
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included in previous search = 2) OR seabird translocation (N studies yielded in Google Scholar =
1820, N studies yielded in Scopus = 55; total N studies included from both databases not included in
previous search = 4) OR seabird bycatch (N studies yielded in Google Scholar = 3890, N studies
yielded in Scopus = 26; total N studies included from both databases not included in previous search =
2). Articles selected were read based on the title and abstract from the search, and then included in this
review based on the content of the article. We excluded studies focused on censusing populations,
sensory methods for deterring pest seabirds (e.g. gulls at landfill sites), or the sensory behaviour of
other species interacting with seabirds (e.g. deterrents for invasive predators that eat birds). Further
studies were included based on work reviewed by Jones & Kress (2012) and Melvin et al. (1999). We
systematically searched the databases and aimed to incorporate all studies relevant for our study, but
may have inadvertently excluded papers due to our specific search parameters.

We then quantified the number of sensory-based conservation publications per seabird order (Fig. 1),
and the sensory modes utilized per study (auditory, olfactory, visual, or multi-modal; Fig. 2). Based on
our literature review (summarized in Table 1), we performed a logistic regression with chi-squared
analysis of deviance comparing the sensory mode targeted in conservation efforts (acoustic, visual,
olfactory, or multi-modal) based on the seabird order of targeted species (Procellariiformes or
Charadriiformes; Suliformes were not included as only one study was reported). We hypothesized that
species behaviours (reproductive habitat and activity times) influence the success of sensory-based
colony attraction techniques. We performed one-tailed Fisher’s Exact tests on the null hypothesis that
success of sensory-based colony attraction was no different based on reproductive habitat (protected
habitat – cliffs and burrows, and exposed habitat – ground), and activity period on colonies (nocturnal,
diurnal).
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1.4 SENSORY MODES, TAXONOMY, BEHAVIOUR AND SUCCESSFUL CONSERVATION
OUTCOMES
Sensory-based conservation techniques have not been trialled equally across seabird orders or families.
Procellariiformes are the most studied (N = 14 species out of ~125 species in the order) with most of
these focusing on the family Procellariidae (N = 11). Charadriiformes are the second most common
order represented in the literature for sensory-based conservation (N = 10 out of ~133 species). There
have been no sensory conservation studies on Phaethontiformes or Sphenisciformes, and only one
study on a suliform species (Fig. 1). Sensory techniques could and should be attempted across a
broader taxonomic range, but this is impeded by the lack of data about sensory ecology in the neglected
groups. The Sphenisciformes in particular should be a high priority for sensory research and sensorybased conservation because species in this order are some of the most critically threatened seabirds
(Croxall et al., 2012).
Although there was no correlation between the sensory mode targeted and the likelihood of a successful
conservation outcome, taxonomy did correlate with success (Table 2). Sensory-based conservation
efforts are more likely to succeed with Procellariiformes than Charadriiformes (Table 2; Fig. 2). This is
likely due to differences in the typical activity patterns and nesting sites for these two orders –
Procellariiformes are typically nocturnal and burrow-nesting whereas Charadriiformes are generally
surface-nesting. We found some possible trends between nocturnal activity time and protected (burrow
and cliffs) versus exposed (surface/ground) breeding, but results were not significant (Fig. 3). These
results are likely biased by the under-reporting of failed conservation attempts (Fanelli, 2011).
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1.5 USE AND EFFECTIVENESS OF SENSORY MODES IN CONSERVATION
(1) Auditory signals
Our survey identified 24 out of a possible ~347 seabird species that have received sensory-based
conservation management, and auditory cues were the most common sensory mode used (Fig. 2). This
is not surprising as the importance of sound for birds is well established, particularly for songbirds,
whose intricate vocalizations have been studied in detail at many stages, including ontogenetic learning
and physiological responses (e.g. McCasland, 1987; Nottebohm, 1970; Slabbekoorn & Smith, 2002).
Many seabird species use calls, perhaps because they often nest in high-density, mixed-species colonies
necessitating rapid and non-contact identification of partners and nests (Bretagnolle, Genevois &
Mougeot, 1998). Vocalizations may be especially important for species that are nocturnally active on
breeding sites, a common seabird trait. For example, Manx shearwaters (Puffinus puffinus), are more
attracted to burrows emitting playbacks than silent burrows (James, 1985). Calls in dense colonies are
used for individual (Jouventin & Aubin, 2002; Tibbetts & Dale, 2007) or sexual recognition (Taoka et
al., 1989a), to display aggression or threats (Marler, 2004; Taoka, Won & Okumura, 1989b), and to
synchronize breeding behaviours (Bretagnolle, 1989; Hunt, 1980). Additionally, vocalizations are
important for courtship, and mate recognition and assessment (Bretagnolle, 1989; Jouventin & Aubin,
2002; Juola & Searcy, 2011; McKown, 2008). Reflecting this broad understanding of the importance of
acoustic cues and signals for seabirds, acoustic stimuli such as playback recordings have been used
relatively extensively in conservation and management (Table 1).

(a) Sound as an attractant
The use of acoustic signals to attract seabirds to new colonies or restored habitats is one of the most
common examples of sensory-based conservation. This ‘acoustic anchoring’ has been trialled in at least
15 studies (successful in 14, unsuccessful in one, including multi-modal approaches involving an
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acoustic mode; Table 1). Given the highly colonial behaviour of seabirds, and inter-generational site
fidelity, the use of vocalizations that emulate colony sounds has been one of the most effective
approaches for seabird attraction. Successful examples involve Galápagos petrel (Podolsky & Kress,
1992), Australasian gannet (Sawyer & Fogle, 2013) and many other species (Table 1).
The degree of natal and breeding philopatry (the tendency to nest at the site of one’s own hatching or
previous breeding) varies among seabirds and is likely to be critical for the success of acoustic
attractants in establishing new colonies. Terns are less philopatric to either breeding or natal locations
than many other seabird species, and have a tendency to change colony location in the presence of
predators or during storms (Gummer, 2003). These transient behaviours impact the success of
relocation management. Attempts to mediate this transience has involved both acoustic and visual
attractants. For example, the largest colony of Caspian tern (Hydroprogne caspia) in North America,
located on Rice Island in the basin of the Columbia River, was successfully re-located to East Sand
Island to mediate the tern colony’s impact on local juvenile salmonids, which are protected as
evolutionary significant units (ESUs) under the Endangered Species Act of 1973 (16 U.S.C. Sec. 1531;
Collis et al., 2002; Roby et al., 1998). This Caspian tern relocation began in 1999, was accomplished
over three years, and eventually achieved 8,900 pairs breeding on East Sand Island. In addition to
habitat landscaping, gull control, and other sensory techniques (see Section IV.3), an audio system
broadcast vocalizations recorded from the Rice Island Caspian terns (Roby et al., 2002). However, the
use of sensory cues in tern species has not always been effective. Several projects in the United
Kingdom have been unsuccessful at relocating little terns (Sterna albifrons) via playback of nonaggressive calls and visual attractants (Gummer, 2003). The lack of responsiveness in these tern species
could be a result of traits related to their specific reproductive habitat (surface breeding), which might
cause them to be more ephemeral and highly selective when choosing breeding locations.
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When species have high philopatry to natal colony locations, this creates the challenge of how to
incentivize individuals to nest at new or newly restored locations (Sawyer & Fogle, 2010; Miskelly &
Taylor, 2004; Podolsky & Kress, 1992). Successful attraction to new nesting sites may rely on the
tendency of non-breeders to be more responsive to acoustic playback. Playback experiments with thinbilled prions (Pachyptila belchei) found that non-breeders were more likely to respond to calls from
both sexes than individuals that already had a mate (Bretagnolle et al., 1998). Additionally, some
studies have shown a higher degree of genetic flow between colonies of conspecifics, indicating a
greater level of movement between philopatric species than previously thought (Lawrence, Lyver &
Gleeson, 2014).

Many seabird species are likely to have sophisticated abilities to differentiate between conspecific calls.
In translocation efforts, playbacks were successfully used to increase the capture rate of Galápagos
petrels near potential nest sites in the Galápagos Islands (Podolsky & Kress, 1992). In addition to the
attraction of seabirds to conspecific vocal cues, there is evidence that some species are also highly
attracted to other types of noise. For example, black-winged petrels (Pterodroma nigripennis) increased
nesting activity near a generator that produced a loud noise (Ismar et al., 2010). Additionally, many
seabirds are attracted to a human produced ‘war-whoop’ sound that does not seemingly reflect birds’
natural calls (Tennyson & Taylor, 1990).

(b) Sound as a deterrent
Noxious sounds have been trialled for deterring seabirds and other marine animals such as sea turtles
from fishing vessels, with varying success (Southwood et al., 2008). Acoustic pingers in coastal gillnet
fisheries reduced bycatch common murres (Uria aalge) by 50%, and did not impair the number of
salmon caught in gill nets (Melvin et al., 1999). However, the effect that such artificial noises may have
on other nearby organisms such as cetaceans should be investigated further as noise pollution is
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considered a threat to some species (Erbe, 2002). As with any regularly used external stimuli,
habituation and the association of the sound with a food source could become concerns (see Section
V.1).

(c) Sound in conservation for other taxa
Acoustic-based conservation has been attempted in a range of species, providing examples of useful
approaches, and important issues relevant to seabirds and other taxa of high conservation priority.
Amongst songbirds, conspecific vocalizations have been effective attractants for translocation and
anchoring (Ward & Schlossberg, 2004). A notable study on translocated New Zealand robins (Petroica
australis), involved control sites and clearly demonstrated that more individuals returned to locations
with conspecific playback (Bradley et al., 2011). Marine animals have similar sensory constraints as
seabirds and have also been studied from a sensory-based conservation approach using auditory
stimuli. For example, acoustic pingers have been successful for deterring cetaceans from driftnets
(Barlow & Cameron, 2003; Kraus et al., 1997; Trippel et al., 1999). Studies on loggerhead turtles
(Caretta caretta) with acoustic deterrents highlight some of the limitations of acoustic techniques in
natural settings such as hearing damage or habituation leading to decreased responsiveness (O'Hara &
Wilcox, 1990; Southwood et al., 2008). These lessons from marine mammals should be considered for
seabird acoustic sensory conservation and the broader application of such approaches to other taxa.

(2) Chemosensory signals
Scent is the least-explored mode of sensory-based conservation in seabirds (N = 4; Table 1). Despite
this lack of application in conservation programs, many seabirds, especially the tube-nosed
Procellariiformes, are renowned for their excellent sense of smell, making them ideal candidates for
chemosensory-based conservation techniques (e.g. Bang, 1966; Bang & Wenzel, 1985; Warham,
1996), but outcomes are highly variable.
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(a) Scent as an attractant
Scent has been successfully used in one out of two species on Procellariiforme relocation (Table 1). For
example, chick translocations of the Chatham Island taiko (Pterodroma magentae), a critically
endangered New Zealand seabird (IUCN, 2014), included taking scented nesting material from the
original nest and placing it in a new nest site to provide chicks with familiar odours. This was intended
to prevent wandering, and encourage birds to return to the new location as adults but success has not
been formally assessed (G.A. Taylor, unpublished data). There has only been one quantitative and
controlled experimental study testing seabird attraction to the odours of nesting material. In a T-maze
test, fork-tailed storm petrels (Oceanodroma furcata) were significantly more attracted to the smell of
conspecifics than a control, but this preference was not shown by Leach’s storm petrels (Buxton &
Jones, 2012). Together with the growing number of case studies demonstrating the existence and
sensitivity of seabird olfaction (Hagelin, Jones & Rasmussen, 2003; Leclaire et al., 2011; Mardon et
al., 2010), these early trials suggest adding natural scents to artificial nest boxes may be a simple means
to enhance seabird visits and/or permanent use of new sites. More experimental trials, especially those
involving controls, are essential.

Scents could also be useful for familiarizing young birds with natural species-specific odour cues
during hand-rearing. Pre-fledged chicks of some petrel species can distinguish odours (De León,
Mínguez & Belliure, 2003; Mínguez, 1997), and early exposure to some odours could influence
behaviours such as foraging or mate choice. Furthermore, to our knowledge, the effect of human or
artificial scents on chicks has not been investigated. This may be an important consideration for handrearing seabirds or other endangered and highly olfactory species such as kakapo parrots (Strigops
habroptila; Sibley, 1994).
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(b) Scent as deterrent
Odour cues have been successful deterrents in two studies involving several species including fleshfooted shearwaters (Puffinus carneipes) and black petrels (Procellaria parkinsoni; Norden & Pierre,
2007; Pierre & Norden, 2006; Table 1). These studies address a bycatch avoidance method used by
some commercial fishing vessels where shark liver oil is released into the water (Norden & Pierre,
2007; Pierre & Norden, 2006; BirdLife International, 2004; Hansford, 2004). The deterrent effects
reported for shark liver oil are somewhat surprising because releasing other fish oils and burley from
boats attracts birds, as when chum is deployed to attract seabirds to boats during pelagic birdwatching
tours. However, releasing shark liver oil won an incentive-driven competition from Sociedad Española
de Ornitología (SEO) and BirdLife International, where anglers submitted new and practical methods
of reducing seabird bycatch (BirdLife International, 2004). Experimental tests with shark liver oil in
New Zealand waters show a significant reduction in the number of seabirds attracted to boats, and
fewer birds diving to baits (focusing particularly on flesh-footed shearwaters; Norden & Pierre, 2007;
Pierre & Norden, 2006). However, shark harvesting and releasing oil from boats creates other
conservation and political issues. For example, there are legislative controls on the release of all oil
from shipping vessels in New Zealand waters (via International Maritime Organisation, Jan 2013).
Analysis of shark liver oil chemical components and synthetic production of any chemical deterrents is
the next step for assessing this controversial method.

Other options for the chemical deterrence of seabirds include chilli and pepper concentrates.
Preliminary research in which mackerel (Scomber scombrus) were treated with capsaicin (crushed
chilies, Capsicum frutescens) or a capsaicin and piperine mixture (using tobacco and black pepper)
indicated this may be effective in deterring white-chinned petrels (Procellaria aequinoctialis) from
swallowing baits (Gasco & Pierre, 2007). More broadly, bird eggs treated with capsaicin discourage
mammalian predators (Baylis, Cassey & Hauber, 2012).
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(c) Scent in the conservation of other taxa
Chemical signals are rarely used in the conservation of non-seabird birds. Repellents have little or
variable success in deterring passerine birds from areas of human conflict (Stevens, Clark & Weber,
1998). Laboratory studies with methyl anthranilate (MA), a grape-flavoured chemical disliked by birds,
suggest some deterrent qualities for passerines (Askham, 1992; Avery et al., 1996), but field trials are
inconsistent (Avery, 1992). The repellent use of MA has also been trialled in Canada geese (Branta
canadensis) with varying success (Belant et al., 1996; Cummings et al., 1995). Increasing awareness of
the importance of olfaction for birds (especially seabirds; Bonadonna & Bretagnolle, 2002; Bonadonna
et al., 2007; Bonadonna & Nevitt, 2004; Leclaire et al., 2011; Pollonara et al., 2015) and the usage of
chemosensory manipulations for conservation in other animal groups suggests that this area has
applications to a range of animals, but requires more focus.

(3) Visual signals
The success of vision-based conservation efforts reflects the importance of vision in birds’ conspecific
interactions and foraging. Visual stimuli successfully deter birds from boats, allowing longer fishing
periods and larger catches (Løkkeborg, 2003). Visual cues are considered a cost-effective alternative to
direct translocations of chicks when attempting to establish a new colony (Jones & Kress, 2012).

(a) Visual attractants
The success of using visual cues in seabird conservation (seven successful trials, two unsuccessful) is
primarily based on the role of vision in mate choice, and is a less costly technique for establishing new
colonies than the physical translocation of birds to a new site (Jones & Kress, 2012). Decoys, such as
models of birds, can work well for colonial breeding species that are attracted to nesting locations by
the presence of conspecifics (Evans & Cash, 1985; Podolsky, 1990). Coloniality reflects not only the
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social behaviour of many species, but also influences habitat choice in black-legged kittiwakes based
on apparent success of conspecifics in the location (Danchin, Boulinier & Massot, 1998).

Sight cues, such as decoys, were used as attractants and deterrents in the relocation of nearly 9000 pairs
of Caspian terns to East Sand Island (see Section IV.1a; Roby et al., 2002). At the target colony, 380
model Caspian terns were used to lure conspecifics while streamers and eagle decoys were used as
deterrents at the old nest site (Roby et al., 2002). As for many sensory-based conservation efforts,
controlled experimental assessments are important to demonstrate causality. Decoys with and without a
playback stimulus attracted 80% more endangered New Zealand fairy terns (Sterna nereis davisae)
than the control treatment (Jeffries & Brunton, 2001); an example of effective use of experimental
controls for sensory-based conservation. Another study was able to determine that sites with decoys
were no different from control non-breeding sites at attracting nesting or loafing brown pelicans
(Pelecanus occidentalis; Walter et al., 2013). Although the use of visual decoys has not been explored
for seabird groups that are nocturnal on breeding colonies, trials are in progress to attract petrel species
active at night using decoys (S. Sawyer, personal communication). Despite the importance of plumage
colour for mate choice in birds (Hill, 1993; Hunt et al., 1999) no studies have tested the effectiveness of
decoys of varying colouration, or tested whether decoys accurately represent bird colour when
perceived by birds. Similarly, data regarding target species’ sensitivity to ultraviolet (UV) and the
application of an appropriate amount of UV reflectance could increase the effectiveness of decoys.

(b) Visual deterrents
Most seabird bycatch fatalities occur within 100 m of the fishing vessel (e.g. albatross in the Southern
Ocean; Brothers, 1991). Within this distance, visual deterrents can be effectively used to scare seabirds
away from boats, or make fishing bait less visible. Of the visual-deterrent methods trialled in eight
species, seven were successful and one had an undetermined outcome (Table 1). A successful visual
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deterrent for auklet species involved mesh-panelled streamers extending ~90 m from the back of the
boat, sometimes with brightly coloured tubing and UV protection to improve longevity (Melvin, 2004).
Streamers reduced bycatch by 40–45%, depending on mesh size (Melvin et al., 1999). In other trials,
streamers were used with or without a lineshooter to repel Northern fulmars (Fulmarus glacialis) from
North Atlantic longline fisheries. During at-sea trials, no birds were caught with streamers alone and
only one bird was caught when streamers were paired with line shooters, compared to 32 birds caught
during the control period (1270 hooks set; Løkkeborg & Robertson, 2002). Further trials with
streamers, lineshooters, and underwater setting of nets showed that all three methods reduced the
number of Northern fulmars caught in hooks. Scaring lines, where moving streamers scare seabirds
from foraging on hooked baits, were the most successful. Only two birds were caught in 185,000
hooks, compared to 205 birds on similar control lines (Løkkeborg, 2003; Løkkeborg, 2011).

Seabird bycatch can also be reduced by camouflaging bait in longline fisheries (Gilman, Brothers &
Kobayashi, 2005). This was tested by modelling how the colour/spectral reflectance of blue-dyed bait
squid and fish would be seen by wedge-tailed shearwaters (Puffinus pacificus; Cocking et al., 2008).
While blue-dyed squid was much less attractive than natural-coloured squid (with only 3–8% of dyed
squid taken compared to 75–98% of control squid), blue-dyed and control fish were similarly attractive
due to more difficulty in achieving a cryptic colour in fish (Cocking et al., 2008). This method
exemplifies novel thinking in fisheries where squid baits are used. Facilitating a broad-scale usage of
this technique might be problematic, as it requires access to blue-dyed baits (that likely have been
thawed). Implementation of these types of techniques may require further investigation.

(c) Visual cues in conservation of other taxa
Despite the importance of visual signals for many taxa, there are few published reports of the use of
visual stimuli for conservation of non-seabird species. Visual deterrents have been used in other taxa in
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attempts to minimize human–animal conflict. For example, flying raptor decoys have been deployed
over areas where other birds, like doves (Columbidae) and crows (Corvidae) come into conflict with
vehicles like planes. Although initially effective, the birds tend not to be permanently deterred
(Sugimoto, 1999).

Visual lures are an important aspect of pest management (Foster & Harris, 1997). Visual lures have
been used to attract brushtail possums (Trichosurus vulpecula) in New Zealand where they are a pest
species, for management practices. These visual attractants were more effective when they included a
luminescent strip as opposed to plain or UV reflective strips (Ogilvie et al., 2006; Short, Turner &
Risbey, 2003). Decoys are widely used as attractants for hunting, strongly suggesting wider
applicability in conservation efforts for any colonial or aggregating species. For example, duck hunting
decoys may effectively attract endangered duck species to new suitable habitat. Testing the
effectiveness of visual lures should prove a highly productive area of research.

(4) Multi-modal signals
Many taxa communicate and detect cues in multiple sensory modes, i.e. simultaneous acoustic,
olfactory and visual signals (Candolin, 2003; Hebets & Papaj, 2005). This can assist in conservation
management as multi-modal stimuli may provoke a stronger behavioural response than a single sensory
mode. For example, in the diurnal Laysan albatross (Diomedea immutabilis), more individuals landed
at sites where both vocalizations and visual stimuli were utilized than sites using visual stimuli alone
(Podolsky, 1990). Fork-tailed storm petrels were attracted in trials with both acoustic and olfactory
cues (Buxton & Jones, 2012). Predator-avoidance training with visual and species-specific auditory
cues (playbacks and stuffed decoys) in the endangered New Zealand robin, provoked a stronger antipredator response than single-sensory mode training. However, responsiveness was still greatest after
experiences with wild, live predators (Maloney & McLean, 1995). As for all sensory modalities, more
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controlled experiments, broader taxonomic coverage and more sophisticated consideration of sensory
perception capacities are required. This will improve conservation outcomes and provide fundamental
data on the role of the different sensory modalities in the life history of any taxa, including seabirds.

1.6 BEHAVIOURS FACILITATING SENSORY-BASED CONSERVATION
Since sensory approaches to conservation rely on natural interactions between target animals and their
conspecifics, heterospecifics and the environment rather than any specific individual species traits,
lessons from seabird efforts can be applied to a broad range of at-risk animal taxa. Sensory-based
conservation takes advantage of species’ natural behaviours. Animals clearly differ in their sensory
ecologies and amenability to sensory manipulation for management outcomes. However, our survey
has revealed several life-history traits that characterize a species as particularly suitable for sensorybased conservation.

Coloniality/sociality: animals that breed in colonial groups often use sensory cues to choose or identify
mates in aggregations (e.g. vocalizations in king penguins, Aptenodytes patagonicus; Lengagne et al.,
2004), transfer information about food locations (e.g. honey bees, Apis mellifera; Seeley, 1994), in
defence from predators (e.g. vervet monkeys, Chlorocebus pygerythrus; Seyfarth, Cheney & Marler,
1980), and as a way of identifying suitable breeding habitat (Danchin et al., 1998). Some of the most
successful examples of sensory-based conservation efforts are those that use visual or auditory stimuli
typically produced by individuals or groups of conspecifics to attract new colonizers (Table 1).
Although this approach has usually targeted birds, other mobile species that use aggregation cues are
likely candidates.

Long-distance mate attraction: species that use long-distance communication modes such as acoustic
or chemical signals in mate attraction and mate choice are excellent candidates for sensory-based
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communication. This technique is commonly used in pest insect control (Foster & Harris, 1997).
However, this approach will typically influence male rather than female behaviour so further stimuli
may be required if behavioural manipulation is required for both sexes, e.g. stimuli associated with
female behaviours such as nesting or oviposition.

Philopatry: philopatric traits that are often found in seabirds are present in other animals including
salmon (Dittman & Quinn, 1996), sharks (Hueter et al., 2005), and bats (Kurta & Murray, 2002). In
addition, many species are attracted to locations where a critical number of conspecifics are already
present, as for seabirds. Allee effects can be critical for small populations and pose serious issues for
conservation managers (Courchamp, Clutton-Brock & Grenfell, 1999). Coloniality and philopatry can
make species more vulnerable to Allee effects by geographically concentrating breeding species,
making them more susceptible to intense human modification (e.g. alterations to wetland environments
and the effects on breeding and migratory shorebirds; Piersma, 2007). In seabirds, using sensory cues
such as recorded vocalizations to imitate an existing population can curtail the drive of philopatry and
reduce Allee effects by creating the auditory illusion of a larger colony (Podolsky & Kress, 1992). As
such, sensory-based attraction methods could be successful in other taxa that share this challenging
behaviour.

Territoriality: species that use sensory markers to advertise their home ranges, e.g. wolves and coyotes
(Canidae), which use odours to define territories, could be excellent candidates for sensory-based
management of human–wildlife interactions (Peters & Mech, 1975). Male red-winged blackbirds
(Agelaius phoeniceus) use both vocal and colour displays of epaulet feathers to defend and maintain the
nesting territory (Peek, 1972). Sensory cues that warn of negative consequences like those used in
territorial displays or by predators have potential to be applied as deterrents for species from risky sites
such as roads.
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Nocturnality: animals that are active after dark have often evolved specialized senses. For example,
nautilus (Nautilus pompilius), use odour cues to locate food in dark oceans (Basil et al., 2000), while
barn owls (Tyto alba) use a combination of audio-visual cues for hunting at night (Takahashi, 2010).
Other nocturnal animals have evolved specialized visual systems (e.g. nocturnal colour vision in helmet
geckos, Tarentola chazaliae; Roth & Kelber, 2004), or tactile sensory traits (vibration detection in
scorpions, Paruroctonus mesaensis; Brownell & Farley, 1979). When one sensory mode is made more
difficult by environmental conditions, or has evolved specializations, sensory-based conservation
approaches are likely to be even more targetable and effective.

1.7 COGNITIVE CHALLENGES FOR SENSORY-BASED CONSERVATION
A nuanced sensory-based approach to conservation must consider ways in which an animals’ cognition
may limit sensory management efforts. The tendency of animals to habituate to sensory treatments is
especially important because deterrents, unlike true threats, do not impose negative consequences on
the receiver. Playing different combinations or cycles of stimuli might prolong deterrent effects and
minimize habituation, as well as decrease interference with other non-target species. In tests with
harbor porpoises (Phocoena phocoena), some habituation to sounds occurs with sound cycling, but
intermittent pings were still relatively successful (Carlström, Berggren & Tregenza, 2009). Use of highfrequency noise to deter tammar wallabies (Macropus eugenii) from areas of human conflict were
shown to have no effect, regardless of the presence of food. This might be because the sounds were
artificial and not part of the animals’ natural behaviour (Muirhead et al., 2006; also shown in kangaroos
Macropus spp.; Bender, 2003). This indicates the importance of investigating the natural sensory
ecology and responses of target conservation species to different stimuli.
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Anthropogenic sensory traps are human activities that lure animals from natural sensory cues and are
associated with urbanization (e.g. artificial light; Schlaepfer, Runge & Sherman, 2002). Anthropogenic
sensory traps can cause significant individual- and population-level effects, e.g. artificial light and fires
disorient newly hatched sea turtles (Madliger, 2012). A well-studied example is the consumption of
plastic particles in the ocean by albatrosses and other seabirds (Auman et al., 1997; Robards, Piatt &
Wohl, 1995; Harper, 1979; Schlaepfer et al., 2002), effectively reducing food consumption (Ryan,
1988). A second major topic for recent research is how urban sounds interfere with bird songs,
negatively impacting communication in many species worldwide (Slabbekoorn & Ripmeester, 2008).
Determining when an animal is subject to ecological traps and applying appropriate mitigation
measures is becoming a more widely recognized aspect of sensory-based conservation applicable
across various taxa (Madliger, 2012). For example, anthropogenic noises, such as traffic sounds that
interfere with predators’ ability to detect prey could be modified by reducing the speed limit (Madliger,
2012). By considering the sensory perceptions of target species, conservation biologists can predict
where such traps may exist and use their knowledge of the animals’ sensory modes to alleviate the
impact of traps.

Another risk of sensory-based conservation efforts is negative effects on unintended receivers or
eavesdroppers. For example, acoustic pingers to deter seals from aquaculture pens also deter non-target
harbor porpoises (Johnston, 2002). Another risk of eavesdroppers involves predators and parasites,
which find prey via multiple sensory modes, including chemical (Stowe et al., 1995) and auditory cues
(Deecke, Ford & Slater, 2005). The risk of attracting predators and parasites may be intensified if
management efforts broadcast sensory stimuli, such as playing vocalizations for translocation. While
the effect of eavesdroppers has not been thoroughly examined in sensory-based conservation examples,
we recommend that predator and parasite activity be carefully monitored before and during sensorybased conservation activities.
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1.8 CONCLUSIONS
(1) Sensory-based conservation incorporates behavioural and sensory ecology by considering how
signalling and responses evolve under selection from conspecifics, heterospecifics and the
environment. Conservation approaches informed by evolutionary principles are likely to have several
advantages over more-interventionist methods such as captive breeding and catch limits as they are
transferable among taxa, and can be applied simultaneously to several species with similar behaviours
(e.g. bycatch species).
(2) Sensory-based approaches may prove to be more cost-effective than interventionist approaches,
especially if they can be automated (e.g. acoustic anchoring versus manual translocations).
(3) Sensory conservation methods have been successfully applied in a number of seabird taxa (e.g.
Sternidae, Alcidae, Procellariidae; Table 1). While there are probably examples of sensory-based
conservation in seabirds not encompassed by our search parameters, we found examples of attraction
attempts that had limited success (e.g. Audouin’s gulls, Ichthyaetus audouinii; Table 1), and other
groups whose responsiveness to such techniques remains seemingly unstudied (e.g. booby and gannet
species, frigatebirds, and tropicbirds; Jones & Kress, 2012; Fig. 1).
(4) This review identifies several conservation contexts where sensory-based techniques have
considerable potential to improve outcomes such as establishing new colonies and deterrence from
anthropogenic traps. We recommend:
(a) Life-history and behavioural traits that select for sensory signalling to inform the best candidate
species for sensory-based conservation. These traits are: long-distance travel, navigation in featureless
environments (e.g. seas, deserts), pair-bonding and mate choice, high parental care by both sexes,
conspecific and heterospecific recognition (prey and predators, and mates, nests and chicks),
coloniality, philopatry.
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(b) Using multiple sensory modes to promote stronger behavioural responses from the target species.
For example, combining sound and visual lures could be more effective than either lure on its own
when attempting to counter effects of strong philopatry.
(c) Evaluating the potential risks of unintended consequences from using sensory-based methods.
Predator cues should be investigated to avoid luring seabirds, or other prey species, to ecological traps,
or attracting predators to the target species.
(d) Incorporating an experimental control to improve the ability to evaluate conservation outcomes and
quantifying success of management efforts. For example, studies on attracting seabirds to new locations
rarely observe other suitable nearby habitat without experimental stimuli to ensure that the movement
of birds to the new location is a result of sensory method and not just a coincidental outcome of animal
movement.
(e) Undertaking additional research on sensory-based approaches to conservation of seabirds and other
taxa to optimize conservation outcomes. In seabirds, olfaction is underutilized. Further work (and
controlled experimentation) on visual attractants is required to understand why some attempts are
successful and others are not. A high priority is to understand the ethological response of seabirds to
different vocalizations, such as identifying which calls are most effective in enticing seabirds to colony
locations.
(5) Systematic investigations into sensory ecology could profoundly improve the success of
conservation strategies. This type of sensory management is broadly applicable to many systems, and
may be more cost-effective than more interventionist activities.
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1.11 FIGURES AND TABLES

Figure 1. The number of seabird species studied with a sensory-based conservation approach shown by
taxonomic family in orders. The approximate number of seabird species in each order is listed below
the order name.
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Figure 2. The number of sensory-based conservation studies per seabird order for auditory, olfactory,
visual, and multi-modal sensory modes. Positive bars represent studies with reported success by the
author of the study. Negative bars represent studies that reported limited or no success.
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Figure 3. Percentage of successful and unsuccessful colony attraction attempts for species based on
reproductive habitat of the target seabird species (A) for exposed (ground/surface-nesting species, and
protected (burrow/cliff-nesting species), and activity time on the colony (B) for nocturnal and diurnal
species. P values indicate the results of Fisher’s Exact tests for reproductive habitat types (A), and
activity timing (B).
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Table 1. Sensory-based approaches to seabird conservation according to seabird families and approximate success as reported in the cited
publication. Examples selected based on the database search procedure outlined in the Section II.

Goal

Family

Species

Attraction

Alcidae

Ancient murrelet,
Synthliboramphus antiquus

Playback

Deterrent

Alcidae

Rhinocerous auklet, Cerorhinca
monocerata

Deterrent

Alcidae

Common murre, Uria aalge

Management effort

Sensory
mode
targeted

Approach

Findings

Source

Auditory

Experimental

Activity increased by 271% and
458% at two sites against standard
activity

Major &
Jones (2011)

Acoustic pingers

Auditory

Experimental

No significant effect

Visual nets

Visual

Experimental

Reduced bycatch 42% with deep
visible deterrent

Acoustic pingers

Auditory

Experimental

Reduced bycatch 50%

Visual nets

Visual

Experimental

Reduced bycatch 40–45% with
both deep and moderate visual cue

Melvin et al.
(1999)

Visual &
auditory

Experimental

Colony from no breeding pairs to
six in first year; more murres close
to mirrors

Parker et al.
(2007)

Observational

Streamers reduced baits taken by
60.6%

Brothers
(1991)

Experimental

Combination of visual and
auditory stimuli more successful
than visual alone

Podolsky
(1990)

Attraction

Alcidae

Common murre, Uria aalge

Decoys, vocalizations
and mirrors

Deterrent

Diomedeidae

Albatross sp.

Streamer lines

Visual

Diomedeidae

Laysan albatross, Diomedea
immutabili

Playback and visual
stimuli

Visual &
auditory

Attraction
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Attraction

Attraction

Hydrobatidae

Hydrobatidae

Leach's storm-petrel, Oceanodroma
leucorhoa

Fork-tailed storm-petrel,
Oceanodroma furcata

Playbacks

Auditory

Experimental

49× more caught in response to
conspecific calls, 29× more caught
in response to colony calls

Scented material

Olfactory

Experimental

No significance in orienting to
odour

Buxton &
Jones (2012)

Playbacks

Auditory

Experimental

20× more caught in response to
conspecific calls, 5× more to
colony calls

Scented material

Olfactory

Experimental

Significantly orient to odour 69%
of time

Buxton &
Jones (2012)

Attraction

Laridae

Audouin’s gull, Ichthyaetus
audouinii

Decoys and impaired
gulls

Visual

Observational

Limited success translocation with
some visitation

Oro et al.
(2011)

Attraction

Procellariidae

Fluttering shearwater, Puffinus
gavia

Playback and
translocated chicks

Auditory

Observational

Method used, but not focus of
study

Bell et al.
(2005)

Procellariidae

Wedge-tailed shearwater, Puffinus
pacificus

Blue-dyed bait as
bycatch deterrent

Experimental

Dyed squid was taken 3–8%
compared to 75–98% of control
squid; dyed fish not as effective

Cocking et al.
(2008)

Procellariidae

Northern fulmar, Fulmarus
glacialis (primarily)

Scaring line and funnel
that forces bait under
the water surface

Experimental

More effectively deterred using the
bird scaring line than the setting
funnel

Løkkeborg
(2003)

Deterrent

Procellariidae

Northern fulmar, Fulmarus
glacialis

Scaring streamers, line
shooters, or both

Visual

Experimental

Zero birds caught with the bird
scaring line, and one caught with
both scaring and line shooting

Løkkeborg &
Robertson
(2002)

Attraction

Procellariidae

Common diving petrel,
Pelecanoides urinatrix

Playback and chick
translocations

Auditory

Observational

20 translocated chicks returned to
the island and 51 unbanded birds

Miskelly &
Taylor (2004)

Deterrent

Procellariidae

Black petrel, Procellaria
parkinsoni

Shark liver oil

Olfactory

Experimental

Shark liver oil decreased interest,
but not significant

Norden &
Pierre (2007)

Deterrent

Deterrent
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Procellariidae

Flesh-footed shearwater, Puffinus
carneipes

Shark liver oil

Olfactory

Experimental

Shark liver oil caused significant
decrease in interest

Norden &
Pierre (2007)

Procellariidae

Albatross sp.; giant petrel,
Macronectes giganteus, Cape
petrel, Daption capense

Shark liver oil

Olfactory

Experimental

Odour not effective deterrent

Norden &
Pierre (2007)

Deterrent

Procellariidae

Many (flesh-footed shearwater,
Puffinus carneipes and black petrel,
Procellaria parkinsoni)

Shark liver oil

Olfactory

Experimental

Reduced both seabirds at vessels
and dives on baits

Pierre &
Norden
(2006)

Attraction

Procellariidae

Galápagos petrel, Pterodroma
phaeopygia

Playback

Auditory

Experimental

Increased rate of capture to 0.83
petrels per hour from 0.38

Podolsky &
Kress (1992)

Attraction

Procellariidae

Fluttering shearwater, Puffinus
gavia

Playback

Auditory

Observational

First bird recorded at site 11
months after playback commenced

Sawyer &
Fogle (2010)

Attraction

Procellariidae

Grey-faced petrel, Pterodroma
gouldi

Playback

Auditory

Observational

First bird recorded at site 7 months
after playback commenced

Sawyer &
Fogle (2010)

Deterrent

Deterrent

Attraction

Attraction

Attraction
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Sternidae

Sternidae

Common tern, Sterna hirundo

New Zealand fairy tern, Sterna
nereis davisae

Arctic tern, Sterna paradisaea,
common tern, Sterna hirundo

Decoys

Visual

Experimental

Decoys + sound were effective
attractants, but decoys alone were
not effective

Playback

Auditory

Experimental

Sound alone and decoys + sound
were both effective attractants

Experimental

Significant effect with 80% more
landing to decoys, decoys + sound
also effective

Experimental

No significant difference to plots
with decoys + sound and decoys
alone

Jeffries &
Brunton
(2001)

Observational

Increased terns from 59% of
observation days (1974–1977) to
96% (1978)

Kress (1983)

Decoys

Visual

Playback

Auditory

Decoys and playback

Auditory &
visual

Arnold et al.
(2011)
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Observation

Over 3 years, ~ 8900 pairs shifted
from previous colony to new site

Roby et al.
(2002)

Observation

Successful at attracting birds but
failed fledging due to nest
predation

Ward et al.
(2011)

Decoys and playback

Visual &
auditory

Observation

First birds began roosting at the
site ~52 days after treatments
commenced

Sawyer &
Fogle (2013)

Many

Blue-dyed bait tested
for catching fish and
camouflaging from
seabirds

Visual

Observation

Trial inconclusive on effectiveness

Lydon &
Starr (2005)

Deterrent

Many

Paired and single
streamer lines

Visual

Observational

Paired streamers were 88–100%
effective; single streamer line was
71–91% effective

Melvin
(2004)

Attraction

Grey-faced petrel, Pterodroma
gouldi

Playback

Auditory

Experimental

6× higher counts during playback

Buxton et al.
(2015)

Attraction

Attraction

Attraction

Decoys and playback

Visual &
auditory

Decoys and playback

Visual &
auditory

Australasian gannet, Morus
serrator

Sternidae

Caspian tern, Hydroprogne caspia

Sternidae

Forster's tern, Sterna forsteri, least
tern, Stemula antillarum

Sulidae

Deterrent

Attraction

Procellariidae

Fluttering shearwater, Puffinus
gavia

Playback

Auditory

Experimental

4.9× higher counts during playback

Buxton et al.
(2015)

Attraction

Procellariidae

Flesh-footed shearwater, Puffinus
carneipes

Playback

Auditory

Experimental

No difference due to playback

Buxton et al.
(2015)
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Table 2. Chi-squared deviance of analysis results for logistic regression testing the effect of seabird
order (Procellariiformes and Charadriiformes) and sensory mode targeted (auditory, visual, olfactory,
and multi-modal) and the interaction between these (seabird order by sensory mode). Our results
indicate that the seabird order of targeted sensory-based conservation was significantly important for
predicting success. **, significant at P<0.05.

d.f.

Deviance
residual

Sensory mode
Order

3
1

3.84
4.59

0.28
0.032**

Interaction: Sensory mode ×
Order

2

0.20

0.90
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Chapter two: Experimental Testing of Playback and Odours to
Optimize Attraction to Restored Habitat in Grey-faced Petrels
and Fluttering Shearwaters

Photo by: Megan Friesen; fluttering shearwater adult and chick hatched in artificial nesting box at
Tāwharanui.
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2
Experimental Testing of Playback and Odours to Optimize
Attraction to Restored Habitat in Grey-faced Petrels and
Fluttering Shearwaters

2.1 ABSTRACT
The return of seabirds, particularly petrels, to restored nesting habitat is a primary goal for
island and seabird conservation. Harnessing birds’ natural behaviours and communication to
optimize attraction methods could improve success rates. I tested attraction of petrels and
shearwaters to restoration sites by broadcasting call types associated with specific behaviours
and a human–produced sound and placing naturally scented nesting material in artificial
nesting boxes. Attraction of petrels was significantly greater to the call used in naturally
attractive behaviours, and the supernormal acoustic stimulus (a signal or cue that elicits a
more extreme response from the receiver than the natural stimulus) than an aggressive call or
control. Naturally scented nesting material did not increase or deter attraction to artificial
nesting boxes.
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Keywords: acoustic attraction; Pterodroma; Puffinus; conservation; scents; artificial burrow;
supernormal stimuli; bioacoustics; sensory ecology; social attraction
2.2 INTRODUCTION
Seabirds, which include approximately 347 species across 6 orders, are some of the
world’s most endangered birds (Croxall et al. 2012). Their characteristic behaviours such as
nesting on or in the ground and foraging on the open ocean put them at risk in both marine
and terrestrial ecosystems (Croxall et al. 2012). At sea, seabird populations have been
decimated as they are commonly killed as fishing bycatch (Bull 2007; Anderson et al. 2011),
and affected by the depletion of ocean fish stocks (Bertrand et al. 2012). On land, burrow
nesting seabirds are often the target of invasive mammalian predators (Burger & Gochfeld
1994; Courchamp, Chapuis & Pascal 2003; Towns et al. 2011). Applied research assessing
the effectiveness of seabird conservation methods is critical for reducing seabird decline
(Maree et al. 2014; Tuck et al. 2015). Here, I provide experimental tests of how behavioural
ecology and sensory stimuli can be used to attract seabirds to restored nesting sites.

Terrestrial seabird conservation efforts sometimes require the eradication of mammalian
pests from islands and mainland habitats, and re-creation of suitable nesting locations for
seabird species including provision of artificial nest boxes (Parker et al. 2007; Jones & Kress
2012). Active management measures, such as acoustic attraction and artificial nesting sites,
are risky and expensive (Jones & Kress 2012), creating a need to optimize these management
efforts. Post-eradication, seabirds must be attracted back to these restored sites. This can be
particularly challenging for seabirds with strong natal philopatry that return each year to nest
in the same location (e.g. albatross, petrels and shearwaters; (Warham 1990; Sagar, Stahl &
Molloy 1998). However, seabirds also have a suite of unique behaviours that mean senorybased stimuli (or stimuli that use the sensory communication/cues of target species) can be an
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effective attractant (Podolsky 1990; Podolsky & Kress 1992; Sawyer & Fogle 2010). Many
procellariiform species are nocturnal on breeding sites and nest in burrows in crowded
colonies (Warham 1990), selecting for signals that allow for activity at night in crowded
colonies, e.g. acoustic signals. Seabird vocalizations are integral in breeding behaviour, mate
location, and mate choice (Bretagnolle 1996; Bretagnolle, Genevois & Mougeot 1998).
Consequently, seabird management often involves the use of sensory-based social stimuli
intended to attract birds to habitat that has been made suitable (Kress 1983; Podolsky &
Kress 1992; Parker et al. 2007).

Sensory attraction methods have been used in 20 seabird restoration projects, with 17 of
these reporting that the methods used were successful in some capacity (Friesen et al. 2016).
However, conclusive results are often difficult to determine as many studies do not perform
controlled comparisons between sites, or sensory treatments. Acoustic attraction has been
trialed in 15 studies across two seabird orders (Procellariiformes and Charadriiformes), and is
the most successful, non-invasive, method of attracting seabirds to restored breeding sites
(Friesen et al. 2016). Playing conspecific calls of target species (“playback”) is a low-cost
and popular tool for augmenting seabird breeding colonies (Miskelly & Taylor 2004; Sawyer
& Fogle 2010; Buxton & Jones 2012). Although incorporating experimental controls into
these experiments can be difficult, the effectiveness of sensory approaches to conservation
can only be determined via rigorous experimental testing.

Although many seabird relocation efforts involve playing recorded calls (Miskelly &
Taylor 2004; Sawyer & Fogle 2010), the specific behavioral context of the call recordings
used is often unknown. Recent experiments and analyses indicate seabird calls are more
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complex than previously assumed (Robisson 1992; Aubin & Jouventin 2002; Krull & Hauber
2010; Curé, Aubin & Mathevon 2011; Favaro, Ozella & Pessani 2014). Overlooking natural
call complexity and behavioural context may therefore significantly reduce the effectiveness
of acoustic attractants for seabird relocation efforts. Due to the importance and prolific use of
playback for conservation of Procellariiformes (Podolsky 1990; Podolsky & Kress 1992;
Miskelly & Taylor 2004; Sawyer & Fogle 2010), optimization of acoustic attraction methods
is critical.

Acoustic attraction could be further enhanced by the use of supernormal stimuli, which
are signals or cues that elicit a more emphatic response from receivers than the original
stimulus (Dalziell & Welbergen 2016; Nottebohm 1972). Supernormal stimuli were
unsuccessfully trialed for censusing European storm petrel (Hydrobates pelagicus) by
playback of manipulated natural calls (Soanes, Thomas & Bolton 2012). However, this did
not elicit a greater response than natural calls. In some cases the ‘wah-wah’ call, which is
made by a human singing one tone and repeatedly patting their mouth, does elicit a very
strong attraction response from an array of petrel species (Tennyson & Taylor 1990). The
effectiveness of the ‘wah-wah’ call has never been experimentally compared to recorded
natural calls or silent controls. I hypothesize that the ‘wah-wah’ call can be a highly effective
attractant in a restoration context.

While acoustic signals can enhance seabird attraction to sites, artificial nesting boxes can
facilitate colony establishment by promoting earlier and more successful breeding by burrownesting seabirds. Artificial nest boxes have been successful in speeding recover of a number
of petrel species, including Madeiran storm petrels (Oceanodroma castro) where they
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reduced nest site competition (Bolton et al. 2004), as well as Mediterranean storm petrels
(Hydrobates pelagicus melitensis; Libois et al. 2012), Yelkouan shearwaters (Puffinus
yelkouan) and Scopoli’s shearwater (Calonectris diomedea; Bourgeois, Dromzée & Vidal
2015). Nest boxes can provide improved breeding habitat, but success relies on individual
birds being able to locate boxes and deciding to use them for nesting. Birds’ use of artificial
nesting boxes can be expedited when boxes are put over pre-existing natural burrows (de
León & Mínguez 2003), indicating that it can take time for new breeders to find artificial
burrows, or that they require sensory signals indicating the suitability or safety of the nest
box.
Artificial nest box use could be improved by adding cues indicating successful nesting
has occurred, e.g odours from nest material. Procellariiform seabirds are highly olfactory, and
some species use olfaction for locating burrows within colonies (e.g. common diving petrel,
Pelecanoides urinatrix, (Bonadonna, Spaggiari & Weimerskirch 2001), and in mate
identification (e.g. Antarctic prion, Pachyptila desolata, Bonadonna and Bretagnolle 2001)
and foraging (Nevitt et al. 1995). The use of smell for navigating to key areas is likely
important for most petrels and shearwaters since they return to colonies on land after dark
(Grubb 1974). In T-maze tests, fork-tailed storm petrels (Oceanodroma furcata), but not
Leach’s storm petrel (Oceanodroma leucorhoa) chose conspecific odours significantly more
often than controls (Buxton & Jones 2012). Given the use of smell for identification of nests,
it is possible that artificial nesting boxes that emit the odour of a successful burrow might be
more attractive than artificial burrows with no natural petrel smell.

Here I tested the effectiveness of using playback for attracting Grey-faced petrels
(Pterodroma gouldi) with natural calls from different behavioural contexts (aggression and
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attraction calls) and a ‘wah-wah’ call that is likely acting as a supernormal stimulus (Dawkins
& Krebs 1979). I hypothesized that a call associated with an attractive mating behaviour
would be more effective as an acoustic lure than a call used in aggressive interactions. I also
experimented with applying nesting material from successful burrows inside artificial nesting
boxes for grey-faced petrels and fluttering shearwaters (Puffinus gavia) to test the hypothesis
that adding an odour indicative of successful nesting would increase breeding attempts in
artificial nesting boxes.

2.3 METHODS
Acoustic Attraction Experiment
Study species
Grey-faced petrels are a large gadfly petrel endemic to northern New Zealand. Prior to the
arrival of invasive mammalian predators in New Zealand, grey-faced petrels would have been
common throughout the mainland and offshore islands (Holdaway 1989; Taylor 2013).
Although threatened by invasive mammalian predators on the New Zealand mainland, greyfaced petrels continued breeding in a few mainland sites with intensive pest management and
on offshore islands free of invasive mammalian predators (Greene, Taylor & Earl 2015).
This species (population ~2 - 300,000 individuals) is often the first species to be attracted to
seabird restoration sites in Northern New Zealand (Taylor 2013; Gaskin 2012; Friesen 2014).
In spite of this, their naturally low reproductive rate means populations are slow to recover,
even in the absence of mammalian predators (Gardner-Gee, Rayner & Beggs 2008). Greyfaced petrels use vocalizations in mating behaviour (Imber 1976) and are also responsive to
acoustic attraction methods (Sawyer & Fogle 2010; Buxton et al. 2015), making them an
ideal species for testing the effects of different types of natural calls and a supernormal
stimulus. Given the distinctiveness of their odour profile (Friesen 2016) and their nocturnal
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behavior, it is also likely that grey-faced petrels use chemical cues in communication and
assessing environmental cues such as the location of burrows. Data was collected under
Auckland Council permit (CS69), NZ Department of Conservation wildlife permit (38016FAU), and University of Auckland animal ethics (001197).

Sites
Three locations in northern New Zealand were chosen for trialing the effectiveness of
behavioural calls in acoustic attraction for the recruitment of grey-faced petrels: Muriwai
Beach (-36.83, 174.42), Piha Beach (-36.93, 174.45), and Tāwharanui Open Sanctuary (36.37, 174.86). All sites have a small population of grey-faced petrels in natural burrows (less
than ~30 active burrows within ~200 m of playback location), but no large, well-established
colonies that could produce noises that may interfere with experimental playback.
Tāwharanui has been free of invasive mammalian pests since a predator proof fence was
installed and toxic baiting was conducted in 2004. While the Muriwai and Piha sites are not
free of invasive mammalian predators, trapping and baiting takes place.
Playback treatments
A total of 218 acoustic playback experiments were conducted between 18 April and 14
Nov 2014. Each site was visited approximately once a week during the breeding season
when grey-faced petrels are active on the ground over a period of ~ 6-9 months. The acoustic
treatments were: 1. conspecific attraction call, 2. conspecific aggression call, 3. supernormal
stimulus (human ‘wah-wah’), 4. silent control. The conspecific calls were recorded (722
Digital Audio Recorder; Sound Devices, LLC and using a Seinheiser model K6 ME 66
Wennebostel; Wedemark, Germany) at three different colonies (Bethells Beach, -36.89,
174.44; Burgess Island, -35.91, 175.11; and Te Hāwere-a-Maki/ Goat Island, -36.26, 174.80),
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while observing grey-faced petrel behaviours. I used two acoustically distinct, call types for
the playback experiment, one typically made while first landing on the colony when looking
for mates (‘attraction call’), and one made when birds are threatened or fighting (‘aggressive
call’).I also tested the use of the ‘wah-wah’ call as a supernormal stimulus, and used a silent
control. The ‘wah-wah’ call, a human produced sound created by calling while repeatedly
using a hand to tap the mouth, was recorded at a range of frequencies within the grey-faced
petrels natural range (Friesen 2016) and then collated and played at random (Audacity ®).

A pilot study determined that grey-faced petrels were active in response to playback from
0.0 hours from sunset until 3.02 hours from sunset, so all experiments were conducted during
this time period. Experimental acoustic stimuli were played from a speaker (UE Boom
Bluetooth) at highest volume (~90dBA) from a vantage point within the natural fly-zone
adjacent to the restored breeding site where approaching birds could be easily spotted against
the evening sky. In each trial, the order of the treatments was randomized and each was
played for 10 minutes, followed by 5 minutes of silence before the next treatment. The
responses of Grey-faced petrels at the site to each treatment were categorized as follows: ‘flyby’ (bird diverted from existing flight course and flew within an approximate 50 m radius of
the speaker, based on visual markers at each site), ‘very close fly-by’ (bird diverted and flew
within an approximate 10 m radius of the speaker), ‘attempted land’ (bird hovered over the
ground but didn’t land), and ‘land’ (bird alighted on ground; Table 1). Because some
responses indicate greater attraction to the call than others, e.g. landing at the speaker vs. flies
over at 50 m, I scored each response hierarchically (Table 1). This score was used to create a
ratio of responsiveness to playback treatments (number of responses to each category x score,
divided by total number of responses for each call treatment). This ratio incorporates the
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overall number of observations per treatment, a critical factor determining the relative
success of attraction to each treatment type.
Environmental factors
The environmental conditions specific to each site during the time of the treatments were
recorded including: pressure (hPa), average wind speed (km/h), average wind gust speed
(km/h), interaction between average wind speed and wind gust speed, temperature (C), moon
illumination (%), time of sunset, time of treatment, interaction between time of sunset and
time of treatment were obtained from (weatherunderground.com and
timeanddate.com/sun/new-zealand/Auckland; nights with heavy rain were avoided due to
gear constraints). Days from start of breeding season was calculated as the days from the
night of first recorded birds back on colonies during playback treatments.
Statistical Analysis
The number of responses in each behavioral category for each playback treatment, and
the environmental variables for each experimental trial were assessed in R (version 3.0.2)
using a linear mixed effects model (package lme4; Douglas et al. 2015), with site
location and date set as random effects.
1. Scented Nest Box Experiment
Study species
To assess the attractiveness of natural odour cues in artificial nest boxes,I targeted both
grey-faced petrels and fluttering shearwaters. These species were selected because they are
considered target conservation species in the Hauraki Gulf, New Zealand, and particularly at
the two sites chosen for installing artificial nesting boxes (Gaskin & Rayner 2013).
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Sites
Artificial nest boxes were installed at two sites to test if naturally scented nesting material
increased use of nests (boxes set-up according to size of target species and following methods
in Miskelly et al. 2009). Twelve artificial nest boxes at Tāwharanui Open Sanctuary, New
Zealand (2013) for grey-faced petrels, and fifteen nesting boxes on Burgess Island,
Mokohinau Islands, New Zealand (2014) for fluttering shearwaters were installed. Burgess
Island has been pest free island since circa 1990 in the Hauraki Gulf with six species of
nesting Procellariiformes including grey-faced petrels and fluttering shearwaters.
Scented Nesting Material
Conspecific nesting material was collected, from successful conspecific burrows at the
same site, and put into low-odour polyester oven bags (Glad, micro oven bags) (sensu
Palanca et al. 2013). All nesting material was handled using clean nitrile gloves, to reduce
human and environmental odour contamination. In experimental trials, nest material was
added to cover the bottom of the burrow and tunnel entrance of every 2nd artificial burrow in
sequential order to ensure both scented and unscented burrows were present in all the
physical locations of boxes, covering a wide range of environmental variables. Control and
experimental burrows were lined with dried foliage found in the surrounding area, similar to
what is typically added to burrows by birds. Burrows were monitored fortnightly throughout
the breeding season for nesting activity, or breeding attempts (with or without successful
hatchings). Any attempt to lay an egg, or rear a chick in the burrow was considered a
successful use of the nest box. The number of petrel-scented and control artificial nesting
boxes used by grey-faced petrels and fluttering shearwaters were compared using a chisquare, goodness of fit test for each species.
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2.4 RESULTS
Birds responded to the acoustic experiments from 18 April until 11 Oct 2014. During all
134 experiments, a total of 3004 responses were observed and categorized (Table 1).
Playback treatments
Of the four playback treatments used in experiments, the ratio of the behaviorally
attractive call (p=0.0078, t=2.717) and the supernormal stimulus (“wah-wah” call, p= 0.0001,
t= 4.059) were associated with significantly increased bird responses from a linear mixed
effects model (Table 2, Fig.1). This result shows that calls associated with positive
behaviours are more useful in acoustic attraction than those used in aggressive behaviours.
Additionally, the use of a supernormal stimulus also is successful in attracting grey-faced
petrels.
Scented Nest boxes
Twenty-nine percent (9 of the 31) of artificial nesting boxes were used by breeding
seabirds during the course of this study at both sites (grey-faced petrels occupied 38% of
boxes over 2 breeding seasons, fluttering shearwaters occupied 20% over 1 breeding season,
Fig. 2). While the relatively quick uptake of artificial nesting boxes is a promising
management outcome, the addition of scented nesting material did not attract or deter greyfaced petrels, or fluttering shearwaters (chi-square, goodness of fit, p=0.418) from inhabiting
nesting boxes, although the ability to detect a significant difference was low.
2.6 DISCUSSION
Acoustic attraction
Since bird calls are associated with certain behaviours and responses, some call types may
be more attractive to seabirds and result in more successful colony restoration. I have
demonstrated that the use of a behavioually attractive call is more effective at attracting grey-
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faced petrels to restored nesting sites than a call used in aggressive behaivour. This exciting
result indicates the importance of identifying the behavioural traits of vocalizations in
acoustic attraction management efforts.
The increased responsiveness of grey-faced petrels to the attractive call over the
aggression call highlights the importance of understanding the behavioural mechanisms
behind vocal communication. This phenomenon may be particularly relevant for rare species,
or species with few known recordings that can be used for playback (e.g. New Zealand storm
petrel, Fregatta maoriana; Rayner et al. 2015), the increased activity and knowledge of the
behavioural mechanisms behind distinct calls could be particularly important for conservation
output. I would emphasize that understanding the behavioural context of calls should be a
priority for acoustic attraction studies, particularly in closely related or rare species.
Additionally, environmental variables do not seem to have a large impact on the
responsiveness of seabirds to attraction, and acoustic methods should continue through
differing conditions. Data on the geographic variability shown in some seabird calls indicate
that caution is needed when selecting recordings for restoration efforts (Bretagnolle 1989).

Additionally, the significant attractiveness of the artificial ‘wah-wah’ call, likely acting as
a supernormal attractant (Dawkins & Krebs 1979), shows the potential for supernormal
stimuli in conservation. . ‘Wah-wahs’ appear to be attractive to a wide range of petrel species
(Tennyson & Taylor 1990), and indicates the potential to increase colony establishment and
breeding by a wide range of petrels at many restored sites. Super normal stimuli can be very
alluring to animals because they match biases in their sensory perception which can in turn
select for increasing trait exaggeration and complexity. For example, female zebra finches
(Taeniopygia guttata) prefer male calls that are four standard deviations longer than natural
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calls (Neubauer 1999). In the visual mode, female fish of Priapella olmecae, that do not
naturally exhibit sword morphology, prefer males with artificial sword attachments, an
ancestral trait (Basolo 1995). While sensory biases and supernormal stimuli often act upon
the female preference, this is not always the case and male preferences can also be affected.
For example, male fritillaries prefer females with wingbeats far exceeding their natural rate
(Magnus 1958; Staddon 1975).

The underlying mechanism or traits that make the ‘wah-wah’ call a supernormal stimulus
in grey-faced petrels is untested but may be related to acoustic elements that act as important
coding features of petrel calls. Acoustic biases, particularly in female animals, are often for
calls that are more intense, delivered at a greater rate, or for longer periods of time (Ryan &
Keddy-Hector 1992), and this may be so for the ‘wah-wah’ call. The ‘wah-wah’ call played
in this experiment is heavily harmonic (Fig. 3) which is a sonographic feature shared by
many petrel calls (McKown 2008; Cure, Aubin & Mathevon 2009; Rauzon & Rudd 2014),
including grey-faced petrels (Fig. 3, Friesen unpublished data). In addition, harmonics are an
important distinguishing feature of calls in several petrel species, such as Swinhoe’s storm
petrel (Oceanodroma monorhis; Taoka & Okumura 1990), and Tahiti petrel (Pseudobulweria
rostrata; Rauzon & Rudd 2014). Petrel attraction to supernormal stimuli provides a
fascinating opportunity for research into the evolution of petrel call traits, coding, and
supernormal stimuli in general. Comparative analysis of the acoustic traits of the ‘wah-wah’
call and petrel calls (e.g. frequency) is a logical next step for future research.

The use of supernormal stimuli in sensory-based management programs could increase
conservation success and at a faster rate. While the ‘wah-wah’ call is effective for grey-faced
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petrels (Tennyson & Taylor 1990), other examples of supernormal stimuli for target species
include visual decoys, perhaps enhanced with UV or other wavelengths and colours that tend
to provoke sensory biases (e.g. rough-legged buzzards; Buteo lagopus, hunt more in patches
of UV; Koivula & Viitala 1999) and longer or artificially manipulated playback recordings
that exaggerate already attractive traits.
The use of supernormal stimuli may however have drawbacks for conservation measures.
For example, while there is increased response of grey-faced petrels to a supernormal
stimulus in playback, I don’t know if this interest is also associated with increased aggression
and fighting behaviour, e.g. due to a perception of greater competition. Supernormal stimuli
may also attract eavesdropping predators (Mougeot & Bretagnolle 2000). Furthermore, as
many examples of sensory biases target females (Ryan & Cummings 2013) it is possible that
the response to ‘wah-wah’ calls is dominated by one sex. Because grey-faced petrels are not
sexually dimorphic, I was unable to determine sex ratios in this study. Further research
should explore if increased activity is sufficient to initiate breeding success at the site,
particularly if the responding individuals are primarily of the same sex. While sensory –based
conservation is a promising field for many taxa, studies should take into account the risks of
stimuli to eavesdropping predators (Garvey, Glen & Pech 2016) , habituation of target
species, and the potential to incorporate multiple sensory modes for improved conservation
outputs (Friesen et al. 2016). Thus the exploitation of sensory biases should be applied on
large scales only after careful consideration and research.
Scented nest boxes
Our study provides the first data on whether breeding attempts in artificial nest boxes
increases with the addition of natural burrow scent. I hypothesized that scents would increase
the use of artificial boxes because some burrow-nesting petrels are subject to both interspecific (Was, Sullivan & Wilson 2000; Hutton & Priddel 2002; Friesen et al. 2016), and
51

Chapter 2: Optimizing seabird attraction
intra-specific competition (Ramos et al. 1997) indicating the potential for birds to be attracted
to the odours of previously successful nesting material. However, it could also be
hypothesized that birds would avoid scented boxes to evade conflict with potential occupants,
transmissible fomites, or ectoparasites (Bolton et al. 2004). Experiments with T-maze choice
tests show that storm petrels (e.g. Leach’s storm petrel, and fork-tailed storm petrel) are more
likely to orient towards conspecific odours and playback combined (Buxton & Jones 2012).
Choice tests with blue petrels (Halobaena caerulea)found that individuals are more attracted
to the odour of their specific partner and also general conspecifics than their own scent
(Mardon & Bonadonna 2009). The non-significant result for grey-faced petrels and fluttering
shearwater suggests scent neither attracts nor deters these species from artificial nesting
boxes, but sample sizes were small.

While the orienting sensory mechanisms for some seabird species is thought to rely in
part on olfactory cues (Pollonara et al. 2015), and it has been hypothesized that nocturnally
active petrels and shearwaters are largely attracted to odours and acoustic stimuli (Buxton &
Jones 2012), smell alone may not necessarily increase activity in artificial nesting boxes. For
example, burrow location of Mediterranean storm-petrels was found to be more important
than smell in orientation to burrows (Dell'Ariccia et al. 2015). Environmental factors such as
temperature (Ropert-Coudert, Cannell & Kato 2004), elevation, and wind patterns should be
considered in future studies.

Conservation of seabirds is a priority globally, with petrels and shearwaters presenting a
large challenge for managers (Croxall et al. 2012). Sensory-based approaches to
conservation of this taxa has become an important area of management (Friesen et al. 2016;
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Jones & Kress 2012). I emphasize the importance of quantifying the output of conservation
measures for the broader application of these techniques. Supernormal stimuli and acoustic
cues drawing from birds’ own behaviours are promising avenues for attracting petrels to
restored habitat as they are low cost, non-invasive alternatives that show promise of success.
Managers that are considering the use of similar supernormal stimuli for seabird conservation
should use them in short intervals after careful consideration to the response of target species
and potential eavesdroppers. The effectiveness of using olfactory stimuli for seabird
conservation is likely an area that needs further refinement and testing.
MANAGEMENT IMPLICATIONS
The success of attracting grey-faced petrels using behaviorally positive vocals and
supernormal stimuli is a promising new avenue for applied conservation. Playback of natural
calls specifically associated with mating behaviour, for example, is likely to facilitate
attraction in petrels. The use of supernormal stimuli should be used with caution as it may
trigger negative consequences such as increased aggression within colonies or predation by
non-target species. The lack of discrimination to conspecific odour in artificial nesting boxes
indicates that this is likely not a critical addition to restoration efforts. Sensory ecology and
behavioural responses to signals can be integrated into conservation guidelines for petrels and
shearwaters to improve attraction to nesting sites for threatened seabirds.
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Figure 1. Average (white circle), interquartile range (black), and kernel density
estimation (sample distribution, grey outline) of response ratio by grey-faced petrels
(Pterodroma gouldi) of each playback treatment: attraction call, aggression call, supernormal
stimulus (‘wah-wah’ call), and silent control. Statistical values from of linear mixed effects
model.
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Figure 2. Occupancy of artificial nesting boxes either scented with conspecific nesting
material or control boxes for two Procellariiformes species over two breeding seasons, greyfaced petrels (Pterodroma gouldi) and fluttering shearwater (Puffinus gavia).
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Figure 3. Example sonogram of the attraction call (A), aggression call (B), and supernormal
stimulus (‘wah-wah’ call; C).
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Table 1. Grey-faced petrels (Pterodroma gouldi) responses to playback experiment
treatments with hierarchical response scores indicating strength of the response and the
number of responses per behaviour.

Response Behaviour
Fly over within 50 m
radius
Fly over within 10 m
radius
Attempted land
Land
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Number of
Score Responses
1

1995

2
3
4

787
70
152
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Table 2. Results of linear mixed effects model for playback experiments with ratios (#
responses x score/ total # responses for treatment) experimental variables (call types:
aggression, attraction, silence control, and supernormal stimulus-‘wah-wah’) and
environmental
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variables,

with

site

and

date

as

random

variables.
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Chapter Three: Vocalizations of the grey-faced petrel (Pterodroma
gouldi): complexities in repertoire, geographical variation, and
structure

Photo by: Rebecca Hohnhold; Adult grey-faced petrel at Tāwharanui.
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3
Vocalizations of the grey-faced petrel (Pterodroma gouldi):
complexities in repertoire, geographical variation, and structure

3.1 ABSTRACT

Passerines are often the focus of avian acoustic communication, particularly relating to
geographic variation and cultural transmission of calls, but these aspects of vocal
communication are less well understood in other avian taxa. Here, the vocal repertoire of the
grey-faced petrel (Pterodroma gouldi) was investigated and distinctions between sexes and
colonies were tested. Categories were made for calls based on both behaviour when a call
was elicited and a spectrogram associated with the call; and quantitatively tested for trait
differences between vocal categories. Contrary to many nocturnal seabirds, this study
indicates a complex series of vocal signals used in reproductive behaviour. While there were
no distinctions between sexes in the call type tested, a significant colony-specific variation in
a mating call was found. Other vocal complexities, like chicks with a multi-call pre-fledging
repertoire, were discovered. Vocalizations in grey-faced petrels, and likely other
Procellariiformes, are more intricate than previously thought.
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3.2 INTRODUCTION
The use of acoustic communication across birds has been well documented, particularly
in Passerines, as showing geographic variation (Adkisson, 1981; Hunter & Krebs, 1979;
Krebs & Kroodsma, 1980; Podos & Warren, 2007; Zink & Dittmann, 1993), territorial
displays (McGregor & Horn, 1992; Radford & du Plessis, 2004; Scroggie & Littlejohn,
2005), and mating rituals (Ballentine, Hyman & Nowicki, 2004). These important aspects of
vocalizations remain less understood in other taxa, including seabirds. Nocturnal behaviour
and mating in dense groups impose restrictions on the ability of an animal to visually locate
nests and partners. These conditions may cause auditory cues and vocalizations to have a
heightened role in species that are active at night, as other senses may be less reliable in
identifying partners (e.g. visual cues; Bretagnolle, 1996). For example, king penguins
(Aptenodytes patagonicus) use vocal signals to identify and locate mates and chicks within
very dense mating colonies (Lengagne et al., 2004)
Procellariiformes are seabirds which include many species that are nocturnally active on
their nesting colonies and provide an important case study for vocal signalling (Bretagnolle,
1996). Within this order, research about vocalizations has identified different evolutionary
mechanisms for calls. Yelkouan shearwater (Puffinus yelkouan) calls differ between sexes
and species for sympatric and closely related shearwaters (Curé et al., 2012). Similarly, the
chatter calls of Leach’s storm petrels (Oceanodroma leucorhoa) vary and function in sexual
displays (Taoka et al., 1989a). Wilson’s storm petrel (Oceanites oceanicus) vocalizations
also have distinct sex-based and geographical differences (Bretagnolle, 1989a). Within larger
gadfly petrels, few studies have investigated the classifications and use of vocal cues, despite
this group being highly attracted and responsive to auditory stimuli (Buxton et al., 2015;
Tennyson & Taylor, 1990).
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Most studies on seabird vocalizations have only included common call types and lack
coverage of the complete vocal repertoires (Bretagnolle, 1996). This may underestimate
intraspecific call complexity. Vocalizing incurs a cost to seabirds (Mougeot & Bretagnolle,
2000), therefore the information portrayed in these calls is likely important. For example,
seabirds use a complex array of calls for communicating information related to mating
(Speirs & Davis, 1991), territoriality (Curé et al. 2010), and kin and parent recognition
(Aubin & Jouventin, 2002; Jouventin, 1999). Understanding the vocal repertoire of a species
is important for identifying the functional basis of the call, the importance of the sensory
mode for communication, and critical coding mechanisms for the species communications
(Curé, Mathevon & Aubin, 2016).
Geographic variation in some calls within a bird species’ repertoire is frequently reported
(Ellers & Slabbekoorn, 2003), especially for song-birds (Adkisson, 1981; Hunter & Krebs,
1979). Additionally, differentiation in calls and the presence of large vocal repertoires has
been linked to selection pressure on acoustic cues (Krebs & Kroodsma, 1980). Acoustic
complexity can evolve as a function of the preference of one sex for elaborate calls (usually
females), or through migratory patterns (Podos, Huber & Taft, 2004). Song sparrows
(Melospiza melodia) have more complex repertoires in localized population s as opposed to
ones that migrate (Peters et al., 2000). Given these selection pressures, I predict that
geographic vocal isolation (Groth, 1993) and distinction is critical in those procellariiform
seabirds that experience behavioural isolation due to low natal dispersal (Steeves, Anderson
& Friesen, 2005): resulting in colony-specific geographic variation in call dialects
(Bretagnolle & Genevois, 1997; Bretagnolle, 1989). For instance, a male call produced by
blue petrels (Haelobaena caerulea) varies with colony location (Bretagnolle & Genevois,
1997). Calls of both female and male Wilson’s storm petrels also differ based on colony
location (Bretagnolle, 1989a). Given the scarcity of studies investigating full repertoires and
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vocal complexity in seabirds, colony and population based differences are likely underreported.
Investigating the wider vocal repertoires of communal species is particularly important as
sensory-based conservation methods become more common (Friesen et al. 2016; Favaro,
Ozella & Pessani, 2014; Miskelly & Taylor, 2004; Sawyer & Fogle, 2010). Comprehensive
work on African penguin (Spheniscus demersus) vocal repertoires have highlighted many call
types and elucidate the behavioural states that indicate complex acoustic communication in
the species (Favaro et al., 2014). This type of study is important in our understanding of
information transmission in species that are highly colonial, and active in complex social
groups, and also indicate understanding social attraction as important methods of
conservation. The grey-faced petrel is an important case study for investigating vocal cues in
petrels because they have been successfully attracted to new breeding habitat using auditory
stimuli (Sawyer & Fogle, 2010).
Here I examine the repertoire of the grey-faced petrel (Pterodroma gouldi) and allocate
putative functions in sexual displays and for colony and mate location based on behavioural
observations. I tested for differences between vocalizations of males and females, and
between geographically distinct locations. I also found putative evidence that procellariiform
species may display a double voice (two-voice) feature in calls, and characterise a unique
chick vocalization that has not been described in Pterodroma petrels previously.

3.3 METHODS
STUDY SPECIES
Grey-faced petrels are a large species of gadfly petrel endemic to the northern part of
New Zealand’s North Island (Greene, Taylor & Earl, 2015; Imber, 1976; Wood et al., 2016).
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Although this species forages both by day and night at sea, they are only active on breeding
colonies nocturnally (Imber, 1975; Imber, 1973). Due to their colonial nature, the difficulty
in identifying pair-bonded mates, and the limited visual cues and signals on colonies, greyfaced petrels likely use calls for breeding synchrony (Bretagnolle, 1996; Gochfeld, 1980),
and mate attraction (Curé et al., 2012; Taoka & Okumura, 1990; Taoka et al., 1989a), as in
other seabirds with similar ecologies. Although this species, like most Procellariiformes, is
considered strongly philopatric (G. Taylor pers. comm.), molecular research has shown a lack
of population structure in mitochondrial DNA diversity, indicating genetic mixing within the
species (Lawrence, Lyver & Gleeson, 2014).
STUDY LOCATION
We recorded vocalizations from three grey-faced petrel colonies: Ihumoana (also called
Bethells Beach, West Coast of New Zealand, -36.89, 174.44), Ngaio Bay (-36.37, 174.86),
and Te Hāwere-a-Maki (also called Goat Island, -36.26, 174.80). Recordings of adults were
made from April until late May in 2013, 2014, and 2015, during grey-faced petrels’ periods
of greatest vocal activity, during the prospecting and early breeding periods while they are
locating mates and defending burrows (Imber 1976).
RECORDINGS
We collected a total of 131.65 hours (hrs) of recordings from all sites (60 hrs of
automated recordings from Ngaio Bay, and 6.5 hrs of targeted call recordings from Bethells
with additional 64.9 hrs of automated recordings, and 0.25 hrs of targeted recordings from
Goat Island).I recorded localized vocalizations using a 722 Digital Audio Recorder (Sound
Devices, LLC) with a Seinheiser (model K6 ME 66; Wennebostel, Wedemark, Germany)
omnidirectional microphone attachment. Automated recordings were made using a
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SM2BAT+ song meters (Wildlife Acoustics) which recorded calls from 6pm until 6 am. Files
were saved in a WAV format (16 bit amplitude resolution).
During localized vocal recordings at the Bethells colony, behaviours associated with
calling were recorded to gather data on call function. For a subset of individuals, I was able to
determine sex, either in situ using pre-banded birds that had sex-specific colour bands
determined from cloacal examination immediately after egg lay, or DNA techniques (PCR of
feather tissue). Birds recorded of unknown sex that I was able to capture, were subsequently
sexed using molecular techniques.
ANALYSIS
Vocalizations were split into separate calls based on the spectrograms of calls and
labelled according to behaviours exhibited by the bird during the call using Song Scope V4
software (Wildlife Acoustics). Based on the behavioural notes and spectrographic
examination, I chose 198 high quality calls comprising 7 proposed call types (there is
observational evidence from G. Taylor that additional highly elusive calls may exist in the
grey-faced petrel repertoire). Spectrograms of individual calls were generated (in a Hann
window shape, window length = 0.035 s, Hop size = 0.0175 s, 50% overlap, discrete Fourier
transform [DFT] =1024) and measured in Raven Pro 64 1.4 software using 13 parameters for
measurements (Table 1). The vocal classifications identified included: Orwik call (a call
primarily associated with females), Contact/Aggression call (a call known to be produced by
both sexes), Repeated Whistle Call, Chirp call, Groan Call, Chick Cricket call, Whistle call,
Chick Begging/Practice call (Table 2). Because the Orwik call was emitted frequently as an
attraction call, I used this call to test for geographical variation. I used the
Contact/Aggression call to test for sex-specific vocal signatures, because this call was
produced commonly in interactions between individuals of both sexes.
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We tested call parameters (Table 1) of 6 of the visually identified call types.
Additionally, I used the Orwik call to test if differences occurred in calls between different
colonies using the three colony locations sampled. This call was chosen for analysis of
colony-specific dialects because it was one of the most common calls emitted and was used
in an attractive mating behaviour. Because the Contact/Aggression call was produced
frequently and by both males and females,I used this call type to test for sex-specific vocal
distinctions.
Analyses were performed using JMP 10 software (SAS). Data were log-transformed to
fit a normal distribution curve (Shapiro-Wilk test). Log-transformed vocal measurements
were tested for call classifications using a stepwise, leave-one-out, linear discriminant
function analysis (DFA). The call types visually and behaviourally identified were used as
grouping variables. The Wilks’ Lamda (λ) test was used to identify significance of group
distinctions. To test for differences within colony-specific vocalizations and between sexes
this method was repeated using both ‘colony location’ and ‘sex’ as grouping variables
independently (where one vocalization per individual was analyzed).
3.4 RESULTS
Spectrographic catalogue of vocal repertoire

Grey-faced petrel vocalizations were heard as they returned to colonies, from the air,
on the ground, and from within burrows. Based on recordings of these vocalizations,
spectrographic classification of the vocal repertoire for grey-faced petrels was identified
using visual inspection of spectrograms (Fig. 1). Using sonograms and behavioural
observations eight putative calls types were identified. Statistical testing of the call types
confirmed the distinction of these calls (excluding 1 call type that was not used in further
analysis).
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Statistical classification of vocal repertoire

Descriptive statistics for seven grey-faced petrel vocal classifications are shown in
Table 3. Log transformed vocal measurements for these vocal classifications were used in a
step-wise, leave-one-out, linear DFA. The DFA correctly predicted 90.6% of calls into the
predicted vocal classification (percentage of calls predicted by classification shown in Table
4). The Wilks’ λ test indicated significance in distinctions between call types (Wilks’ λ
=0.001, Approx. F=32.613, DF=72, Prop < F= <.0001). The vocal classifications form
distinctive clusters, and indicate that some calls are more similar than others (Fig. 2).
-Orwik call (Figure 1A, Table 2, supplemental file 1)
Nearly all birds sampled that produced the Orwik call were female (21 of the 23 sexed
callers). The Orwik call is made up of a low and long groan syllable (mean=1.19, st.
deviation= 1.25 s; max freq= 6286.58 ± 5554.16 Hz) and a second, short complex syllable
often with many harmonics (0.17 ± 0.22 s; max freq= 5926.09 ± 1580.68). The Orwik call
indicated the presence of double voice, primarily within the first long syllable of the call (Fig
4).
-Repeated whistle call (Figure 1B, Table 2, supplemental file 2)
The repeated whistle call was most commonly produced by individuals flying over the
colony, suggesting it is used as an identification call or to show presence. This call tended to
be highly variable with a maximum frequency (mean = 13917.22, st. deviation = 4504.79
Hz). I was not able to identify whether this call is made by both sexes or is unique to one
sex.
-Agonistic/Contact call (Figure 1C, Table 2, supplemental file 3)
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The Aggression/Contact call comprises a repeated element (mean= 4.45, st.
deviation= 0.10) with variable interval lengths (5.29 ± 1.97). It consists primarily of a squeak
syllable with many harmonics, with a preface syllable that is likely a result of a sharp inhale.
It was commonly produced by both sexes and was often associated with antagonistic or
threatening behaviours. Surprisingly, the call was also used by pairs when greeting each
other. Some adults were recorded giving the call as they enter the burrow with a chick inside,
others enter burrows silently. This pair contact vocal behaviour could be a result of a bird
identifying if the approaching individual is a mate or another conspecific that might be
competing for burrows. The call is also emitted by chicks during handling by researchers.
-Groan call (Figure 1E, Table 2, supplemental file 4)
The Groan call is a very long call (mean= 4.34, st. deviation= 1.23 s) of low frequency
(maximum frequency= 1433.24 ± 331.47; minimum frequency= 243 ± 96.96). The groan call
was only recorded from birds while inside the nest chamber, and as such, sexes are unknown
(although anecdotal evidence provided by G. Taylor indicates this call is given by females).
Because this call seems to be a burrow call, it is probably primarily emitted during courtship
and mating.
-Chirp call (Figure 1D, Table 2, supplemental file 5)
The Chirp call is a less common attraction call in mating behaviour. It is likely most
predominant during the early prospecting period for grey-faced petrels. This call is very short
(mean = 0.37, st. deviation= 0.10 s) and simple in structure. The Chirp call was heard from
individuals both inside burrows and on the surface of unknown sex.
-Cricket call (Figure 1F, Table 3, supplemental file 6)
The chick Cricket call is predominantly made by chicks while inside the burrow. A
parent may return this Cricket call to the chicks inside the burrow (this observation has been
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made from several automated recordings during the time when a known parent was inside the
burrow and vocalizing). Chicks will make this call regardless of whether they are alone or
with their parent.
-Chick Practice/Begging calls
The Chick Practice/Begging calls are a series of highly variable call types that often
resembles a higher frequency Orwik call (Chick Practice/Beg max freq. mean= 11271.69, st.
deviation=1380.98) and sometimes disintegrates into continual chick chatter. Because these

calls are not concrete, vary in structure considerably, make up a series of practicing vocal
structures, and were difficult to record from a range of individuals, they were not used in
statistical analyses.
Colony-specific variation

The attractive Orwik call was used to test for any vocal distinctions between the three
colonies (Goat Island, Ngaio Bay, Bethells). Vocal measurements for Orwik calls of each
colony were used in a step-wise, leave-one-out, linear DFA. The DFA correctly predicted
100% of calls into the predicted colony location (percentage of calls predicted by
classification shown in Table 5). The Wilks’ λ test indicated significance in distinctions
between colonies (Wilks’ λ =0.005, Approx. F=34.249, DF=26, Prop < F= <.0001). The
colony locations form distinctive clusters with no overlap (Fig. 3,) showing the significant
difference between the calls of each colony.
Variation between males and females

The Contact/Aggression call showed no clear distinction between males and females.
This call was the only call known to be common amongst both sexes, although many of the
identified call types are from unknown sexes due to the lack of any sexual dimorphism in the
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species. Vocal measurements for Contact/Aggression call were used in a step-wise, leaveone-out, linear DFA. The DFA correctly predicted 85.19% of calls into the correct male or
female prediction. Although the DFA correctly predicted a large percentage of calls by sex,
the Wilks’ λ test indicated non-significance in distinctions between sexes (Wilks’ λ =0.431,
Approx. F=1.541, DF=12, Prop < F= 0.218).
Double voice
Although not hypothesized for grey-faced petrels, I identified structures within the
Orwik and Repeated Whistle calls that resemble a nonlinear acoustic pattern (Rice, Land &
Bass, 2011). These nonlinear signals are exhibited only in animals with specific morphology
that facilitates a dissimilar call to appear within another call, and is shown in passerines as a
result of the double voice (two-voice) system, where one sound is produced in one half of the
syrinx and another in the other section (Nottebohm, 1971). Within seabirds, double voice
calls have only been shown in two taxa (Australasian gannet, Morus serrator; (Krull &
Hauber, 2010), and Aptenodytes penguins; (Aubin, Jouventin & Hildebrand, 2000; Robisson,
1992).

3.5 DISCUSSION
By investigating calls in grey-faced petrels, I aimed to gain information about costly
vocal cues and found (1) a complex vocal repertoire in a large gadfly petrel; (2) colonyspecific dialects present in a common attractive call type; and (3) at least one call that is
commonly produced by both males and females lacked differences between sexes. During
this study I also discovered the first evidence of double voice in a procellariiform seabird, and
several unique chick call types. While numerous gadfly petrel vocalizations have been
described and separated into types of vocalizations (Bretagnolle & Attié, 1991), many of
these examples have been general descriptions rather than analyses of call parameters, or
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have been reported only as personal observations. This investigation into the vocal repertoire
of grey-faced petrels indicates that this species uses a complex language of calls, more
intricate than previously described for grey-faced petrels or the closely related great-winged
petrels (Pterodroma macroptera; Warham, 1990; Wood et al., 2016).
The Orwik call was often emitted in response to other grey-faced petrel vocalizations,
while landing in the colony during the prospecting season, and in response to a highly
attractive human stimulus (Tennyson & Taylor, 1990). I suspect that this vocalization
evolved from the need to communicate sexual preferences and to find mates (Storey, 1984).
This vocal type was only recorded in two known males. Recordings were made across
multiple weeks (eliminating the possibility that recordings were made during a more
predominantly female incubation shift). Responses to the call are attractive, with birds being
drawn to it. It is possible that while being primarily a female mating display, younger males
or more submissive individuals also produce this call in some circumstances, perhaps when
trying to avoid aggression with conspecifics. Research into the age, personality and
associated behaviours of males that produce these female call types would provide insight
into the complexity of grey-faced petrel calls and seabird communication.
The discovery of a predominantly female-made attraction call is unusual in
Procellariiformes. In other species, a similar behaviour of a ground attraction call has been
recorded being emitted by males. For example, in both Wilson’s storm petrels and Swinhoe’s
storm petrels (Oceanodroma monorhis) males produce a ground call from burrows that
attracts females (Bretagnolle, 1989b; Taoka, Won & Okumura, 1989b). Similarly, male
Manx shearwaters (Puffinus puffinus) make a call from inside burrows that elicits a response
from females. Not only is this discovery of a common attractive call produced by females in
grey-faced petrels a rarity, but additionally other authors have considered that Pterodroma
petrels in general primarily do not call to mates from the ground (Podolsky & Kress, 1992).
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Another frequently displayed call type is the Contact/Aggression call, a repetition of a
short note. This call is often produced in response to either a threat from another bird,
something or someone entering the burrow, or during fighting in the colony. The call was
also made during communication between partners, when a mate entered the burrow where
its partner awaited. It is possible this contact behavioural context was produced while one
individual determined whether the second individual was its mate or a threatening stimulus. It
is likely that this call is a warning signal to conspecifics. The call is given by individuals of
both sex, but pairs of fighting birds are often both females, and territorial and guarding
behaviour by females near groups of burrows has been observed regularly (G. Taylor pers.
comm).
The grey-faced petrel vocal repertoire includes many other call types described here
for the first time, though the behavioural context of these calls is difficult to observe. For
example the Groan call was always recorded from inside burrows, usually as a call given by
females in courtship displays (G. Taylor pers. comm.). The Chirp call type was frequently
produced by birds on the ground, and could be in an attempt to identify a mate or attract a
new partner to a chosen nesting area, but concrete responses were unclear. The critical clue
from the adult repertoire discovered here is that nearly all calls outside the Orwik call,
Repeated Whistle call, and the Contact/Aggression call, were only recorded during the short
period of time when birds were on the colony prospecting for nests. I propose that one reason
why frequently only a few calls are analysed from Procellariiformes is due to the
inaccessibility of colonies, and particularly the lack of researcher presence during the
prospecting weeks when vocal cues are likely most prominent.
This study is one of the first to highlight the novel vocal repertoire of chicks while
still in the burrow – the Cricket call. This elusive call was first recorded in 2009 on Burgess
Island, Mokohinau Islands (C. Gaskin pers. comm.), and initial discussion thought the ‘call’
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could be from insects in the vicinity of petrels and shearwaters nesting in burrows; although
other seabird calls (e.g. storm petrels) were not discounted. The call was subsequently
discovered to be made by grey-faced petrel chicks. The behaviour associated with this call
remains completely unknown, and whether the call can by mature birds. During recording
sessions, it was also discovered that vibrations were felt by an observer with a hand on the
surface of the ground above the burrow. Due to its tactile nature, the call could be a
communication between chicks in neighbouring burrows, or to incoming parents, either
through auditory signalling, or vibrations. There is evidence that some subterranean animals
communicate via vibrations produced through sound (Hill, 2001).
Other petrel species have been reported producing burrow calls. For example,
Wilson’s storm petrel chicks produce a call similar to a common adult call (Bretagnolle,
1989b). This finding reflects the Practice/Begging calls that I recorded in grey-faced petrels.
In other avian species, chick vocalizations signify offspring provisioning needs (e.g. barn
swallows, Hirundo rustica; Romano et al., 2012). Similarly, in burrow nesting seabirds of
the Alcidae family, frequency in chick vocalizations reflected the hunger of the chick
(Klenova, 2015). Further study of chick vocalizations in seabirds will shed light on their
evolutionary functions. For example, investigations into the vocal activity in Wilson’s storm
petrel nestlings uncovered a link between body condition and call frequency, with chicks in
poorer condition making higher frequency calls and subsequently receiving larger meals
(Gladbach et al., 2009). Further, I do not know the extent of prenatal learning in seabirds, an
aspect of vocal learning and complexity that exists in other avian taxa (Colombelli-Négrel,
Hauber & Kleindorfer, 2014). This study, which discovers multiple call types within the
chick repertoire, further demonstrates the importance of continuing research related to both
chick-parent and conspecific nestling communication.
Vocalization distinctions
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A significant colony-specific trend in the features of the Orwik call, a call used in
mating behavioural displays was identified. This may facilitate colony and mate recognition,
reinforcing the philopatry typical for petrels and other seabird species. In other studies,
geographic call variation was accompanied by differences in female and male calls, and this
may reflect sex-based differences in philopatry. While only male calls varied geographically
in blue petrels (Bretagnolle & Genevois, 1997), the call type identified in this study is a
primarily female call. Further investigation is required to determine if there is a unique male
call for grey-faced petrels, and if it also varies geographically.
Petrels are, at least from a human perspective, morphologically monomorphic
(Warham, 1990) and distinct female and male vocalizations have likely evolved as a means
of selecting or identifying mates (Bretagnolle, 1989a; Curé et al., 2012; de L Brooke, 1978;
Taoka & Okumura, 1990; Taoka et al., 1989a). The Orwik call was found to be a primarily
female call, indicating that there may be some distinction in vocal repertoires between males
and females. Unique male and female calls have been noted in other Pterodroma petrel
species, such as Vanuatu petrels (Pterodroma occulta; Totterman, 2012). Additionally,
playback experiments of known-sex birds might indicate if specific calls elicit response from
primarily one sex or the other (e.g. Yelkouan’s shearwaters; Curé, Aubin & Mathevon, 2011)
Sexual dimorphism is often hypothesized for calls produced by both males and
females. However, I found that in a shared call, the Contact/Aggression call, there was no
statistically significant difference between males and females. I have not been able to show
that there is no difference in all calls in the vocal repertoire due to the difficulty in catching
and genetically sexing individuals post vocalization (for example, calls made while flying, or
while two birds are together in a burrow). Other ethological distinctions may be between how
or the context for when males and females call. In the Bay Wren (Cantorchilus nigricapillus),
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a behavioural difference is exhibited by males and females during mating rituals that
determines who leads duets (Levin, 1996).
Another possibility is that, as a long-lived species with high mate fidelity (Jones et al.,
2011; Lawrence et al., 2014), the grey-faced petrel has evolved fewer sex-based distinctions
and more individual identifying traits. It has been hypothesized that individual recognition is
particularly important for territoriality, aggression, and parental care (Tibbetts & Dale, 2007).
While I did not find a difference in vocalizations between males and females in this study, it
is not know for certain that other sensory signals are also monomorphic (e.g. odour, or visual
cues that are not distinguishable to the human eye).
For seabird species that nest in high density colonies and exhibit nesting synchrony, it
is perhaps of greater importance to be able to identify a particular mate from other individuals
(Tibbetts & Dale, 2007). Grey-faced petrels spend most of the year foraging far from
colonies alone (MacLeod, Adams & Lyver, 2008). Upon their return to the colony they must
relocate their mate from previous seasons at night, and will often do so even if the partner has
taken up residence in a new burrow (G. Taylor pers. comm). Recognition of a previous
partner is likely to rely on individually distinctive calls. Similar patterns of individual call
identity have been shown in penguin species which locate partners or chicks via call
recognition (Aubin & Jouventin, 2002; Jouventin & Aubin, 2002). The possibility of
individual call recognition in grey-faced petrels and other Pterodroma species requires
further research.
Putative indication of double voice in petrels
We identified structures within calls indicating that grey-faced petrels may be capable
of producing two calls of different frequencies at the same time, referred to as double voice
(or two-voice, Aubin et al., 2000). This type of vocalization, made possible in birds by the

76

Chapter 3: Grey-faced petrel vocalizations
syrinx anatomy, has been shown to be important in avian vocal communication and
particularly in individual recognition (Aubin & Jouventin, 2002). A double voice has never
before been indicated in a petrel species. The two-voice system in king penguins
(Aptenodytes patagonicus) was shown to be necessary for individuals to identify partners,
and parents (Aubin et al., 2000). This phenomenon, primarily shown in Passerines (Zollinger,
Riede & Suthers, 2008), may be more pervasive than previously thought. Double voice in
petrels and its significance for communication has not been investigated and should be
considered through modified playback experiments (as in: Aubin et al., 2000). I recommend a
clear study of the morphological structure of the Pterodroma syrinx to fully explore the
production of these double voice calls. It is important to recognize when studying sensory
adaptations, that we are inherently biased by our human sensory limitations. For this reason,
it can be difficult to determine which particular aspects of sensory modes are biologically
important for sending and receiving signals.
Conclusion
The vocalizations of grey-faced petrels indicate complex communication can occur in
a seabird species. I have identified many unique call types, distinctions between geography,
and patterns of calls based on sex. I also show that grey-faced petrels produce multiple calls
as chicks, including one that creates ground vibrations. Additionally, I put forward the idea
that petrels are able to produce nonlinear calls evident of a two-voice vocal system.
Behavioural significance and coding mechanisms within calls remain an area that needs
further study, but there is evidence through the intricacy of the language uncovered here for
the importance of auditory communication in Pterodroma petrels.
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3.8 FIGURES AND TABLES

Figure 1. Identified grey-faced petrel call repertoire categorized by spectrogram. Orwik call
(A), Repeated Whistle Call (B), Contact/Aggression Call (C), Chirp Call (D), Groan Call (E),
Chick Cricket Call (F), Whistle Call (G). Spectrograms were generated using Raven software
in a Hann window shape, window length = 0.035 s, Hop size = 0.0175 s, 50% overlap,
DFT=1024.
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Figure. 2 Plot of the discriminant scores where vocal classifications of grey-faced petrel calls
was the grouping variable showing vectors of influential acoustic measures.
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Figure 3. Plot of the discriminant scores where the colony locations were the grouping
variable showing vectors of influential acoustic measures.
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Figure 4. Example of a structure within an Orwik call that shows putative evidence of
nonlinear complexity in double voice vocalizations.
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Table 1. Definitions of the acoustic parameters measured on calls (Charif et al. 2010).

Acoustic Measures

Parameter Definition

Total Duration

Duration of the call

Whole Min Freq (Hz)

Minimum frequency value across the call

Whole Max Freq (Hz)

Maximum frequency value across the call

Whole peak Freq (Hz)

The frequency at which peak power occurs within the call

Q1 Freq (Hz)

The frequency that divides the call into 25% and 75% of the energy in the call, where summed energy exceeds 25% of total energy

Q3 Freq (Hz)

The frequency that divides the call into75% and 25% of the energy in the call, where summed energy exceeds75% of total energy

BW 90% (Hz)

The difference between 5% and 95% frequencies

Max Time (s)

The first time in the call with power equal to peak power occurs

Q1 Time

The time that divides the call into 25% and 75% of the energy in the call, where summed energy exceeds 25% of total energy

Q3 Time

The time that divides the call into75% and 25% of the energy in the call, where summed energy exceeds75% of total energy

Time between Q3 and Q1

the difference between the Q1 time and Q3 time

Intervals (#)

The number of times the call syllable is repeated in the call

Interval rate (#/duration)

The rate at which syllables occur in the call (number of intervals divided by call duration)
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Table 2. Identified call types made from sonograms with key to figure legends, what is
known about the sex of the call, and the N of analysed calls.
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Call Type

Fig. Legend
Fig. 1, A

Sex
predominantly
female

Orwik call

N
50

Contact/Aggression call

Fig. 1, C

both

62

Repeated Whistle call

Fig. 1, B

unknown

9

Chirp call

Fig. 1, D

unknown

34

Groan call

Fig. 1, E

unknown

8

Chick Cricket call

Fig. 1, F

unknown

20

Whistle call

Fig. 1, G

unknown

8

Chick Begging/Practice Call

-

unknown

7
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Table 3. The descriptive statistics for each acoustic measurement for classifications of call types (mean values ± standard deviation).
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Table 4. Percentage of grey-faced petrel calls classified using cross-validated stepwise discriminant function analysis (*indicates
percentage of correct classification to the call predicted).
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Aggression/Contact
call
Chirp call

Groan call

Repeated
Whistle call

Orwik call

Whistle call

Chick Cricket
call

Aggression/Contact call

100*

0

0

0

0

0

0

Chirp call

0

90.3*

0

0

0

3.2

6.4

Groan call

0

0

100*

0

0

0

0

Repeated Whistle call

0

0

0

33.3*

55.6

0

11.1

Orwik call

0

0

0

2.0

98.0*

0

0

Whistle call

0

25

0

0

0

62.5*

12.5

Chick Cricket call

0

5

0

0

0

5

90*
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Table 5. Percentage of “Orwik” call types from 3 different colonies classified using cross-validated
stepwise discriminant function analysis (*indicates percentage of correct classification to the colony
predicted).

Bethells
Ngaio Bay
Goat Island
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Bethells
100*
0
0

Ngaio Bay
0
100*
0

Goat Island
0
0
100*
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Chapter Four: Reciprocal acoustic responses show vocal matching
in a seabird species

Photo by: Rebecca Hohnhold. Grey-faced petrels attracted to playback at Tāwharanui.
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4
Reciprocal acoustic responses show vocal matching in a seabird
species
4.1 ABSTRACT

Acoustic production learning theorizes that social learning occurs in instances when
individuals signal in a manner that is decidedly distinct from others or in a manner that
matches them (Janik & Slater 2000). Imitative learning of vocal signals (vocal matching) can
function in territorial defence, predator avoidance, attaining individual attention, and bonding
within a group. Vocal matching has only been associated with few animal taxa, including
humans, dolphins, parrots, and songbirds, but never with a seabird.

Procellariiformes

(petrels, shearwaters, and albatrosses) are often nocturnal, live in large colonies, and rely on
vocalizations for communication. Petrel calls are characterized by their simplicity and a
basic repertoire. However, hereI provide the first evidence of vocal matching in a seabird:
grey-faced petrels (Pterodroma gouldi) replicate call frequency of conspecific attraction calls
and a human-produced, heterospecific stimulus. This vocal matching suggests petrels can
learn and alter call structure, a cognitively sophisticated task not previously shown in this
taxon. The neural basis of imitative learning in birds is likely to be more ancestral and
widespread than previously considered.
4.2 INTRODUCTION
Imitative learning and replication of vocal signals (vocal matching) is cognitively
sophisticated and has important functions in communication of many species including
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territoriality, predator avoidance, attracting attention, or bonding with a group. Matching
specific aspects of a call indicates an ability to learn new calls, and facilitates efficient
interaction with the signal sender (Janik & Slater 1998). Additionally, matching sounds
immediately heard, indicates the capability of the individual to alter the signal based on the
immediate interaction with the second individual, a form of vocal learning (Janik 2000;
Kelley et al. 2008). Vocal matching is recognized in few lineages outside humans, cetaceans,
and just three orders of birds (Beecher & Brenowitz 2005), and can occur through imitative
learning of song type (Beecher et al. 2000; Vehrencamp 2001), song elements (Todt 1981;
Burt et al. 2001), the number of repeated phrases (McGregor & Horn 1992), and song
frequency (Mennill & Ratcliffe 2004; Fitzsimmons et al. 2008).

Amongst birds, vocal

matching is considered a hallmark of song learning in oscine species and only exhibited in
species with higher cognitive abilities (Mundinger 1970; Tchernichovski et al. 2001;
Catchpole & Slater 2003; Beecher & Brenowitz 2005) including songbirds (Passeriformes),
hummingbirds (Apodiformes) and parrots (Psittaciformes; Nottebohm 1970). Within avian
species vocal matching has been demonstrated in songs and calls [differing from songs as
acoustically simple, non-sexual vocalisations (Beecher & Brenowitz 2005)] has also been
observed (Trainer et al. 2002; Vehrencamp et al. 2003; Balsby & Bradbury 2009).The spread
of vocal matching across such varied groups demonstrates the convergent evolution of this
trait (Todt 1975; Baptista & Schuchmann 1990; Gaunt et al. 1994; Janik & Slater 1997; Gahr
2000).
The evolutionary significance of vocal matching is unclear. In some taxa vocal
matching may function in territorial defence (Thorpe & North 1965; Vehrencamp 2001;
Mennill & Ratcliffe 2004). Vocal matching is associated with increased aggression
(Vehrencamp 2001), and the propagation of alarm calls amongst conspecifics (Uster &
Zuberbühler 2001). Immediate reciprocal matching can also function in social recognition
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(Janik & Slater 1998; Deecke et al. 2000; Wanker & Fischer 2001), or in soliciting
interactions and mate attraction (Mundinger 1970; Janik 2000). Although vocal matching is
typically exhibited between conspecifics (Kelley et al. 2008), imitation of heterospecifics
also occurs, primarily in Passerines (reviewed in: Dalziell et al. 2014).
Animals that live in large groups, particularly with individuals arriving and leaving
continually, are more likely to have evolved the ability to match elements of individual calls
(Balsby & Bradbury 2009). Seabirds often live in dense aggregations or colonies, with
individuals returning at different times (Warham 1996). Auditory signals are particularly
important in Procellariiformes (including petrels and albatross), of which many species are
only active on land at night (Warham 1996). Procellariiform calls are critical in sexual
identification (Curé et al. 2012), mating displays (Taoka et al. 1989), and individual
recognition (Brooke 1978; Bretagnolle 1989).
I hypothesized that grey-faced petrels (Pterodroma gouldi, Procellariiformes) use an
immediate, reciprocal frequency matching vocal mechanism (King & McGregor 2016) in
conspecific communication and in response to a supernormal stimulus (see: Tennyson &
Taylor 1990) as a result of the heightened reliance on acoustic signals evident in some
nocturnal species (Roots 2006). Vocal matching in this species would indicate a complex
communication system and provide the first evidence of vocal learning in a more basal avian
lineage thought to only exhibit simple call structures.

4.3 METHODS
Vocal matching of grey-faced petrels to a heterospecific and conspecific stimulus
Many petrel species are attracted to a type of human-produced stimulus (refered to in
Tennyson & Taylor 1990 as a war-whoop call and here as a ‘wah-wah’ call). While this call
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does not replicate that of any known vocalization of a procellariiform, it exhibits a pattern of
harmonics common in many petrel calls, and could be an important acoustic coding
mechanism for some seabirds (Taoka & Okumura 1999). I recorded this heterospecific
stimulus sung by a human at 10 frequencies within, and to the limits of, the grey-faced petrel
vocalization range (Friesen 2016). Conspecific stimuli were made using attraction calls from
a wide range of individuals and frequencies (recorded at the trial sites). The conspecific
recordings were played in a random order with a 5 second silent period between each call.
Experimental trials were performed at three different grey-faced petrel colony
locations (mainland North Island, New Zealand: Tāwharanui Open Sanctuary, 36°21'45.9"S
174°51'41.5"E; Piha North headland, 36°56'03.8"S 174°27'17.1"E; Muriwai Beach,
36°49'57.6"S 174°25'28.3"E). Experiments using the heterospecific stimulus (May- June
2014) and conspecific stimulus (May-June 2015) rotated between the three sites with each
site visited ~once per week. Recordings were collected during peak activity times through
the prospecting phase of the grey-faced petrel breeding cycle while both breeders and nonbreeders were present at the colony (Jones et al. 2011).
The experimental trials were recorded, capturing both the stimuli (heterospecific or
conspecific playback) and the response calls from the grey-faced petrel (722 Digital Audio
Recorder, Sound Devices, LLC, with a Seinheiser omnidirectional microphone attachment,
model K6 ME 66; Wennebostel, Wedemark, Germany). A ‘response’ was defined as any
natural grey-faced petrel call recorded within 1 second of the stimulus (either heterospecific
or conspecific). Sound files of the ‘responses’ were isolated from the recordings made during
the experimental trials using SongScope software version 4.1.3A (Wildlife Acoustics, Inc.). I
obtained 99 responses to the heterospecific stimulus and 49 responses to the conspecific
stimulus (Fig. 1).
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Analysis of petrel responses
Acoustic features from the stimuli and subsequent petrel responses were measured
using Raven Pro 64 1.4 (Cornell Laboratory of Ornithology, Bioacoustics Research Program,
Ithaca, NY; sampling frequency=44.1 kHz, FFT=512, bandwidth~94.3Hz, hop=8.3 50%
overlapping Hann window). For each stimuli and its response, whole minimum frequency
(Hz), whole maximum frequency (Hz), whole peak frequency (Hz), bandwidth 90% (Hz),
threshold minimum and maximum frequency (Hz), number of elements, and peak power (dB)
were analysed (Table 1).
Statistical analysis
To standardise measurements, all recordings were converted using standard deviation
and a Euclidian matrix calculated, so variation within measures were of a comparable
magnitude (Parker et al. 2012). Responses to the heterospecific stimulus were grouped
according to which of the 10 different frequencies was used in the experimental trial. The call
traits of the heterospecific stimulus and the matching response calls were tested for
significance using a MANOVA followed by univariate ANOVA that provided an F-statistic.
F-values (after checking for normality and homogeneity of variance) were used to ascertain
the most influential call traits. Spearman’s rank correlations between the stimulus and the
response were determined.
For the responses to the conspecific stimulus, a correlation matrix of the call traits
values from both the stimuli and response were used to determine if vocal matching occurred.
To further test for vocal matching, the bioacoustic distance (Ranjard et al. 2010)
between the stimuli and responses was determined. This bioacoustic similarity measure seeks
to find the best alignment between each pair of calls in both the frequency and time domains.
It is therefore sensitive to the overall shape of the sound spectrogram. Such approaches have
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been successfully applied to study call variation in primates (Gamba et al. 2015), passerine
species (Ranjard et al. 2015) and in the Australasian gannet (Morus serrator; Krull et al.
2012).
To determine the bioacoustic distance, a 2 second portion of each stimulus and
response call was encoded as Mel frequency cepstrum coefficients (MFCCs) sequences and
were aligned using a dynamic time warping algorithm (Ranjard & Ross 2008). A total of 12
MFCCs were calculated for each overlapping window (3 ms). For the heterospecific stimulus,
the coefficients were extracted from 0.1 to 5 kHz spectra because this range contains most of
the stimulus call energy. For the conspecific playback stimulus, low frequencies were
discarded so that the distance was mainly sensitive to the spectrogram shapes between 1.5
and 20 kHz. A Mantel test was then used to test whether the bioacoustic distance between a
stimulus and its response was smaller than the distance between stimuli and all other
responses (10,000 random replicates). The bioacoustics distance was transformed to the
logarithmic scale for the correlation tests.
To test the similarity of the heterospecific stimulus to the known repertoire of greyfaced petrels (Friesen 2016), a discriminant function analysis (DFA) was used to determine
which call the heterospecific stimulus is most similar to including an “aggression call”, a
“chick call”, multiple mating/attraction calls: “groan call”,” orwik call”, “repeated whistle
call”,” chirp call”, and “whistle call”.

4.4 RESULTS
Vocal matching to a heterospecific stimulus
Grey-faced petrels exhibited vocal matching in response to the heterospecific stimulus
(MANOVA with pillai’s trace: D.F.= 9, Pillai= 6.134, Approx. F= 1.6803, P <0.0001). Vocal
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matching occurred for the fundamental frequency (F=185), and threshold maximum
frequency (F=200; Fig. 2). The bioacoustics distance measure indicated a closer match
between a stimulus and its response, than to all the other responses (Mantel test: R=0.15, pvalue=0.002). DFA showed that the heterospecific stimulus most closely resembles a greyfaced petrel mating call; the “groan call” (with 11% of heterospecific stimulus calls being
misclassified as groan calls, and 89% correctly identified). Spearman’s rank correlations
indicated a strong correlation between the threshold maximum measure (Spearman’s rank
correlation = 0.89, Fig. 2) and fundamental frequency (Spearman’s rank correlation = 0.95).
Vocal matching to a conspecific stimulus
Grey-faced petrels exhibited little matching to conspecific calls based on the manual
measurements of call traits (correlation matrix, Table 2). However, bioacoustics distance
measures indicated a closer match between a stimulus and its response (Mantel test R=0.03,
p-value=0.006), showing that the distances between matched calls are smaller than the
overall distribution of bioacoustic distances measured on all the possible pairs of calls.
To ensure that individuals were not only responding to treatments that sound like their
own call I examined the distribution of responses from periods of time when only one or two
birds were present (Fig. 3) to show that individuals respond to a broad range of treatment
types.

4.5 DISCUSSION
These results show that grey-faced petrels can perform imitative vocal matching of
heterospecific and conspecific calls (detected via comparison of frequency, and/or
bioacoustic distance matrices). While most vocal matching is restricted to the imitations of a
conspecific call (Kelley et al. 2008), grey-faced petrels demonstrate considerable versatility
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and can match natural and heterospecific (human-produced) sounds. Generally, the imitation
of a heterospecific stimulus is limited to species that incorporate the call of another species
into their vocal repertoire (e.g. spotted bowerbirds, Ptilonorhynchus maculatus; Kelley &
Healy 2010). However, I theorise that grey-faced petrels match the heterospecific stimulus
here because the sound is acts as a supernormal stimulus that incorporates exaggerated
natural traits (Dawkins & Krebs 1979).
Immediate reciprocal matching of vocal signals could enhance the bond between a
signaller and receiver. Petrel colonies display fission-fusion dynamics because individuals
spend most of their lives foraging alone on the open ocean, but come to shore to breed with
high natal philopatry and life-time mate fidelity (Warham 1996). Fission-fusion dynamics
describes a group of individuals that is not stable and incorporates fluctuating smaller group
dynamics (Aureli et al. 2008). Grey-faced petrels are most vocally active on colonies during
the prospecting period, when they are re-locating partners after extensive migrations at sea
(Friesen 2016). There may then be strong selection for communication cues that enable them
to bond and identify known members of the group once they return to the colony. Vocal
matching is therefore likely to play a strong role in species with fission-fusion group
dynamics and has been previously demonstrated in bottlenose dolphins (Janik & Slater 1998),
and orange-fronted conures (Eupsittula canicularis; Balsby & Bradbury 2009).
Alternatively, vocal matching in petrels may be a sexually selected trait. Vocal matching
is generally displayed when petrels are returning to the colony, and presumably as a sexual
display. Therefore, the ability to match an attraction call of another individual could be
classified as a type of vocal ‘mating dance’ for nocturnally active seabirds and vocal
matching may be a desired quality in a partner (e.g. quacking frog, Crinia georgiana;
Gerhardt et al. 2000), indicate mate quality (e.g. barn swallows, Hirundo rustica; Galeotti et
al. 1997), or individual identity (e.g. bottlenose dolphins; Janik 2000; King & Janik 2013).
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The heterospecific stimulus, that elicited a strong matching response, most similarly
resembles a call that is commonly given during the mate-finding and prospecting period, and
has been shown to stimulate reproductive behaviour (Friesen 2016). This finding provides
evidence that the matching in grey-faced petrels could be an important communication
between prospecting birds or bonded pairs.
The ability of a seabird to learn and match vocalizations is novel amongst this avian
clade, not known for the vocal complexity exhibited in oscine species (e.g. Byers &
Kroodsma 2009). This raises further questions about the cognitive processes involved when
birds and other taxa learn calls, and the ecological processes that select for this form of
communication. While the process of song learning and replication has been well studied in
passerines (Konishi 1965; Beecher & Brenowitz 2005), less is known about vocal learning in
other avian orders (Gahr 2000). Given the lack of morphological sexual dimorphism in many
seabirds, sexual differences in vocal matching should be examined. Further research is
needed to determine how widespread vocal matching is within Procellariiformes and other
non-oscine avian orders.
In spite of the immediate reciprocal, signal-to-signal matching (King & McGregor 2016)
shown here in responses to both a conspecific stimulus and a supernormal stimulus, cognitive
choice when vocal matching requires further investigation. The behavioural and evolutionary
context of vocal matching in grey-faced petrels and other non-oscine taxa will has yet to be
uncovered and will illuminate the evolutionary context of vocal learning. Future studies on
vocal learning in non-oscine avian orders should be expanded to identify if matching
necessarily equates learning or if it can occur independently of cognitive choice.
The evidence described here for vocal imitation in the Procellariiformes reveals new
insights into avian communication and establishes questions about the evolution of the neural
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basis of imitative learning across birds and animals in general. The ability of grey-faced
petrels to match the frequency of a call indicates a greater complexity of the auditory
communication in non-oscine birds than previously considered.
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Figure 1. Example sonograms of the heterospecific stimulus (HS) and the response (HR), and the conspecific stimulus (CS) and the response
(CR). The frequency of the fundamental is outlined in red and the maximum fundamental frequency is shown.
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Figure 2. Correlation between the maximum fundamental frequency (Hz) of heterospecific stimuli and
grey-faced petrel responses.

100

Chapter 4: Vocal matching

Figure 3. Example of one individual bird’s response to eight different experimental treatments
representing a range of frequencies that were chosen to be responded to by a single bird.
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Table 1. Call traits compared between stimuli (heterospecific and conspecific) and responses of greyfaced petrels Measurements were performed in Raven (Charif et al. 2010).

Call trait

Definition

Threshold max freq (Hz)

Minimum frequency using threshold of spectrum

Threshold min freq (Hz)

Maximum frequency using threshold of spectrum

Whole max freq (Hz)

High frequency of fundamental

Whole min freq (Hz)

Low frequency of fundamental

Peak freq (Hz)

Peak frequency

Bandwidth 90% (Hz)

Difference in frequency between 5% and 95%

Peak power (dB)

Maximum power

# syllables

The number of syllables in the call

Table 2. Correlation coefficient for call traits of conspecific playback and responses of grey-faced
petrels.

Correlation Coefficient
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Minimum
frequency
(Hz)
-0.0771

Maximum
frequency
(Hz)
0.0005

Peak
frequency
(Hz)
-0.0375

Threshold
Threshold
Bandwidth minimum
maximum
Peak power
(Hz)
frequency (Hz) frequency (Hz) (dB)
0.0413
0.0843
0.1267
0.0238
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Chapter Five: Seabird odour: species-specificity and phylogenetic
patterns

Photo by: Megan Friesen; little penguin coming ashore on Burgess Island.
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5
Seabird odour: species-specificity and phylogenetic patterns
5.1 ABSTRACT
Marine animals, active in the extreme conditions of the ocean, often exhibit specialized sensory
adaptations to communicate, navigate, and forage. Seabirds are characterized by living on the open
oceans, are usually highly philopatric, and many return to dense breeding colonies at night where they
often nest in underground burrows. Procellariiformes (e.g. petrels, shearwaters, and albatross) and
Sphenisciformes (penguins) use chemical cues for foraging, burrowing and mate location, and
sometimes have distinct chemical profiles amongst individuals. However, multi-species level variation
in odour profile is unquantified. Here I conduct the first multi-family comparison of seabird odour
profiles to test for a phylogenetic basis for odour in seabirds. I used solid phase microextraction
(SPME) and gas chromatography-mass spectrometry (gc-ms), headspace analysis of feathers from five
species of procellariiform seabirds (little shearwaters, fluttering shearwaters, grey-faced petrel,
common diving petrel, white-faced storm petrel), and one species from the order Sphenisciformes (little
penguin). Odour profiles indicate strong species-specificity and the results here provide the first
evidence that the unique smell of seabird plumage is linked to phylogeny in this clade.
Key words: seabirds, chemical ecology, phylogeny, odour, Procellariiformes, Sphenisciformes,
olfaction, odour profile
5.2 INTRODUCTION
Many animals that have constraints to their visual environment rely on chemical cues (Balkenius et al.
2006). For example, in the low-light levels experienced by nocturnal or aquatic species, chemosensory
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behaviours can be used for homing (Grant et al. 1968, Barbin et al. 1998, Wallraff 2004), foraging or
navigating (Nevitt et al. 1995, Nevitt 2000, Steck et al. 2009), and finding dense colonies (Coffin et al.
2011b) or nest locations within a colony (Caspers & Krause 2010). Another major visual constraint for
marine organisms is the homogeneity of ocean habitat (Hay 2009). Consequently, chemical sensing is
particularly prevalent in marine organisms as a means of locating prey (e.g. smooth dogfish, Mustelus
canis; Gardiner & Atema 2007), and navigating (e.g. Atlantic salmon, Salmo salar; Stabell 1984;
American eels, Anguilla rostrate; Barbin et al. 1998).
Seabirds live in a constrained environment, where they forage in an often featureless and ambiguous
ocean landscape with ephemeral prey, nest in dense colonies, and often are active on breeding sites at
night (Grubb 1973, Grubb 1974, Hagelin 2004, Steiger et al. 2009, Castro et al. 2010). The
homogenous ocean habitat and nocturnality, coupled with other life history traits, likely exert strong
selection for chemical sensing between individuals and their environment or prey, and also for
conspecific communication. Procellariiformes, tube-nosed seabirds including petrels and albatross, use
chemical cues for broad scale navigation towards areas of food productivity over the open ocean
(Nevitt et al. 1995, Nevitt 2000). At a finer scale, odour is used in several seabird orders for identifying
mates (e.g. Antarctic prion, Pachyptila desolata; Bonadonna et al. 2007), locating nesting burrows (e.g.
diving petrel, Pelecanoides urinatrix; Bonadonna et al. 2003), kin recognition (e.g. European storm
petrel, Hydrobates pelagicus; Bonadonna & Sanz-Aguilar 2012), and distinguishing between males and
females (e.g. black-legged kittiwakes, Larus tridactylus; Leclaire et al. 2011). These inter-individual
chemical communications often take place at night. While most seabird chemical ecology research has
taken place on petrels, Humboldt penguins (Spheniscus humboldti) have also been shown to have the
ability to determine kin using odour (Coffin et al. 2011b), and African penguins (Spheniscus demersus)
can locate productive prey areas using dimethyl sulphide (Cunningham et al. 2008). Some seabirds
also emit odours as an ectoparasite avoidance tactic, like the citrus smell of crested auklets (Aethia
cristatella; Hagelin et al. 2003, Hagelin 2007).
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Several analyses indicate that odours may be species-specific and therefore involved in species
recognition. For example, two distantly related Procellariiformes showed distinct differences in odour
profiles, the Antarctic prion (Pachyptila desolata) and blue petrels ( Halobaena caerulea; Mardon et al.
2010). Similarly, the closely related Cory’s shearwater (Calonectris borealis) and Scopoli’s shearwater
(Calonectris diomedea) also have species-specific smells (Gabirot et al. 2016). The mechanisms
underlying species-specificity in chemical profiles are so far unknown, but may be under strongest
selection in taxa that live in close proximity to other species that occupy a similar niche, compete for
nesting habitat, or benefit from accurately identifying a conspecific (Johansson & Jones 2007). Burrownesting seabirds provide an optimal study system for better understanding species-specific chemical
questions, as they are shown to use olfactory cues for mating and often show competition for burrows
that can result in displacement or harm to individuals (Ramos et al. 1997, Was et al. 2000). In addition
to interspecific cues, intraspecific communication via odour signals is becoming well documented. For
instance, a multi-year study showed that Antarctic prion (Pachyptila desolata) odours were more
similar to themselves than to conspecifics, indicating an individual recognition cue in this species
(Bonadonna et al. 2007).
Behavioural assays have provided insight into the evolutionary function of odour in seabirds in a range
of species. Chemical communication has been identified in kin discrimination (Coffin et al. 2011a), and
mate selection (Mardon & Bonadonna 2009). Additionally, there is evidence within seabird taxa that
chemical cues can relay immune-compatibility (major histocompatibility complex; MHC) information
about potential mates (Strandh et al. 2011, Strandh et al. 2012, Leclaire et al. 2014). Despite these
advances in our understanding of the function of chemicals in a range of seabird species, the
evolutionary implications of such differences remain largely untested for Procellariiformes and it is
unclear whether species-specific odour profiles may result from other factors such as phylogeny, which
is a strong predictor of odour profiles in other, non-seabird systems. For example, functional groups
such as cuticular hydrocarbons (van Wilgenburg et al. 2011) might be involved in speciation when
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odour is used as a conspecific identifier (Baker 2002).

Some rodent species indicate behavioural

choosiness towards the odours of more closely related species (Heth & Todrank 2000). Animals and
plants that release odour cues sometimes show evidence of a phylogenetically based radiation of
chemical identifiers (Symonds et al. 2009), and volatile compounds can be under selection pressure to
avoid cross hybridization of species (Gröning & Hochkirch 2008).
Here I analysed for the first time the odour profiles of six sympatric seabird species. I examined odours
from three of the four families of Procellariiformes (i.e. Pelecanoididae, Procellariidae, Hydrobatidae),
using the sister order Schenisciformes (penguins) as a comparative outgroup. All the selected study
species share behaviours predicted to select for chemical sensing such as nesting in underground
burrows in colonies, and returning to land at night. I tested for species-specific odour profiles, and
phylogenetic patterns to provide a broad-scale, comparative context for the within-species odour
analyses typically conducted in the field of seabird chemical ecology.
5.3 METHODS
Field Methods
Feather samples were collected from individuals of six different seabird species across two orders:
three of the four families within Procellariiformes, and one family from Sphenisciformes, the sister
order to Procellariiformes. Molecularly sexing identified a mix of males and females within the sample.
Species included were the grey-faced petrel (Pterodroma gouldi; n=22, males=11, females= 11),
fluttering shearwater (Puffinus gavia; n=18, males= 10, females= 7, sex unknown = 1), North Island
little shearwater (Puffinus assimilis; n=26, male= 14, females= 8, sex unknown= 4), common diving
petrel (Pelecanoides urinatrix; n=23, male= 16, females=6, sex unknown=1), white-faced storm petrel
(Pelagodroma marina; n=19, male= 5, female= 11, sex unknown=3), and little penguin (Eudyptula
minor; n=12, all sexes unknown). These species were chosen because they encompass a range of taxa
within the seabird phylogeny. These species breed in the same location and individuals were all
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sampled from the same island (Burgess Island, Hauraki Gulf, New Zealand, 35°54'16.1”S
175°06'48.4”E), to reduce confounding environmental variables.
Feather samples were collected during the 2013 breeding season (Sept. to Oct). To standardize sample
methods, one or two covert feathers were removed from the left side of the bird directly between the
wing and tail. Collection was done wearing low-volatile nitrile gloves, and feathers were stored in
glass vials with PTFE/silicone septa (Supelco; Bellefonte, PA, USA) and stored at -20° C until odour
analyses commenced. Additional feathers were collected for genetic sexing.
Chemical Methods
Feather samples were analysed from Nov. 20- Dec. 5 2013. I sampled the headspace of feathers in a
random order on a GC-MS Shimadzu 2010. Volatile compounds were extracted from the feathers using
a DVB-CAR-PDMS solid phase microextraction (SPME) fibre (Supelco; Bellefonte, PA, USA) and a
Restek Rtx 5MS column (5% diphenyl 95% dimethypolysiloxane, length= 30m, internal diameter=
0.25 mm, phase thickness= 0.25um). Helium was used as a carrier gas. Samples were injected in
splitless mode (inlet pressure = 99.9 kPa, 250°C and purge time 1min, septum purge flow = 1ml/min,
purge vent flow= 20mL/min). The oven start temperature was 40°C (ramp of 25°/min to 150°C, ramp
50°C/min to 200°C, ramp 25°C/min to 280°C, hold 2 minutes). Samples had a pre-incubation time of 2
minutes at 70°C, and then were extracted for 2 minutes and run for 20 minutes. The scan range of the
mass spectrometer was 35 to 300 amu. Each run of samples began with fibre blanks. Empty vials were
used as controls.
Headspace analysis for each individual sample was conducted by analyzing retention time and peak
area. Retention indices were compared to a standard alkane series (C9-C40; Supelco. Bellefonte, PA,
USA). Compounds were further identified using MS data assessments with libraries and a
chromatographic retention index (NIST 14). Peaks with a ≥ 70% library match were considered
‘putative’ identifications, those with 50-70% were labelled ‘tentative’ and those with <50% were
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labelled as ‘unknown’ compounds. Peaks present in all control empty vials were removed from the
analyses. Rather than standardising samples via the ratio of peak area (Leclaire et al. 2011), I controlled
for the bird species’ different feather sizes by dividing peak area by feather weight. Due to the low
reliability of internal standards in SPME and the comparative nature of this study, exact identification
of peaks was considered unnecessary (as in: Lawson et al. 2001, Leclaire et al. 2011).
Statistical Analysis
Interspecies differences in odour profiles (equivalent to differences in each species’ mean total peak
area under the chromatogram) were determined using nonparametric Kruskal-Wallis tests, followed by
post-hoc power tests (JMP 10, SAS Institute Inc. 2012). A PCA was performed on peak areas at all
standardized retention times (R package ggplot2, devtools). The PC scores obtained from this were
similarly compared using Kruskal-Wallis and post-hoc power tests, assuming that no significant
difference between each species’ PC score indicates that odour profiles are not species-specific
To analyse the odour profile for each species, I selected the 30 largest peaks, which in all cases
represented ≥99% of compounds. Using these most prominent compounds, I performed a crossvalidated (leave-one-out) discriminant function analysis (DFA). To determine which of these
compounds were responsible for differences between species, step-wise analysis was carried out until
the percent of misclassified samples reached a plateau.
Odour profiles were then used to find correlations based on phylogenetic relatedness. I first created a
pairwise Euclidean distance matrix for odours using peak area of all non-contaminant, volatile peaks.
Using the phylogenetic distance from birdweb.org (as in: Hall et al. 2013) and visualized in FigTree
v1.4.2, I created a pairwise Euclidean matrix of the phylogenetic distance between each species. Mantel
tests based on Pearson’s product-moment correlation were performed between the two matrices to test
whether phylogenetic relatedness was more significant than would be expected randomly (R, package
vegan). Because the evolutionary comparison spanned two orders, I also tested the strength of the
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phylogenetic signal for odour by performing an additional mantel test within only the order
Procellariiformes to ensure any distinctions were not driven solely by the inclusion of the
Sphenisciformes outgroup.
5.4 RESULTS
Species comparison
Chemical analysis of the 120 samples from the six orders produced the chromatograms (fig. 1) used to
create a library of peaks for each species. There were species-specific patterns, particularly a significant
difference between the total peak areas of each of the six species (χ2= 30.612, N= 120, D.F.= 5,
Prob>χ2= <0.0001, Power=0.992). This indicates differences in the amount of volatile compounds that
each species emits, suggesting that some species (e.g. little shearwaters) emit more volatile (and thus
more odorous) organic compounds from feathers than others (fig. 2). The PCA indicated that Principal
Components 1 and 2 made up 68.7% of odour profile variation (Table 1).
Species-specific differences
Strong species-specific odour profiles were confirmed by the cross-validated (leave-one-out) DFA on
the top 30 compounds for each species, which predicted the species of each sample with 92.66%
accuracy (Fig. 3, Table 2). Stepwise DFA identified 15 compounds that were responsible for 88% of
the species-specific odour distinctions (Table 3). The species odour profiles identified were made up
of: acids (3), alkanes (3), alcohols (2), alkenes (2), amino acid (1), aromatic heterocyclic compounds
(1), and 2 unknown compounds.
Phylogenetic Comparison
Odour profiles had a phylogenetic pattern. Comparing two matrices (one containing pairwise Euclidean
distances between the odour profiles for individual birds grouped by species, and the other containing
phylogenetic distances between species) via mantel tests showed that odour profiles are correlated with
phylogeny amongst all six species analysed (permutations = 999, Mantel r statistic = 0.161, x = 0.005,
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Fig. 4). The additional Mantel test without little penguins compared odour profiles between the five
Procellariiformes, and found a significant phylogenetic basis for odour even amongst these more
closely related species (permutations = 999, Mantel r statistic = 0.142, x = 0.002).

5.5 DISCUSSION
This study reveals that in a comparison of sympatric, burrow-nesting, nocturnal seabirds, some species
emit more odour than others, odour profiles exist between species, and odour profiles are
phylogenetically linked. This is the first study to phylogenetically associate odour in seabirds.
Species differences in amount of odour emitted

Grey faced petrels and little shearwaters produced stronger/greater volumes of odours than the other
species studied (Fig. 2), perhaps suggesting a greater reliance on olfactory cues and chemical
communication for this species than for the others studies. This is consistent with species-specific
variation in responses to odours documented in other studies that have manipulated the odour of
burrows in nocturnal seabirds. For example, fork-tailed storm petrels (Oceanodroma furcata) were
positively attracted to conspecific odours, while Leach’s storm petrels (O. leucorhoa) were unaffected
(Buxton & Jones 2012). Mediterranean storm petrels (Hydrobates pelagicus melitensis) were found
not to orient to burrow by smell but rather the burrow position (Dell'Ariccia et al. 2015), indicating a
lower reliance on olfactory signalling in these species than others.
The stronger odours of grey-faced petrels and little shearwaters may have an evolutionary basis.
Interestingly, grey-faced petrels are the only confirmed nocturnal foragers in this study. The constraints
of foraging under low light levels may drive the evolution of increased chemical sensing, as in other
nocturnal or light limited species. In many species, the pattern of increased olfaction in conditions
where sight is limited has been linked to an increased investment in olfactory bulb size (e.g. pelagic
sharks and fish; Wagner 2003, Yopak et al. 2015). The foraging behaviour of little shearwaters is
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unknown but the strong odour production identified here could indicate they too are largely nocturnal.
Producing a strong odour likely incurs costs e.g. metabolic costs (Wisenden 2000), or an increased risk
of predation (Zuk & Kolluru 1998, Ferrari et al. 2010). Although there are no native mammalian
predators in their New Zealand habitats, grey-faced petrels and little shearwaters may be more
vulnerable to introduced predators such as stoats that use chemical odours when hunting (Garvey et al.
2015). Thus the chemical ecology of seabirds can have important implications for conservation efforts.
Species-specific odour differences

Species-specific odour profiles were highly predictable based on the most prominent compounds of
each species odour profile (Table 2). Closely related species were more similar to each other. For
example, the little shearwater was accurately predicted by the model with 78% accuracy, but was
misclassified as its close relative and congener, the fluttering shearwater in 22% of samples (Fig. 4).
Compounds from a range of chemical functional groups drove the species-specific odour differences
(Table 3). Some of these compounds, such as fatty acids, may be derived from metabolites (Connan et
al. 2005, Iverson et al. 2007). Other compounds such as long-chain hydrocarbons (alkanes and alkenes)
serve a multitude of purposes. Long chain hydrocarbons will protect body surfaces from desiccation
(Howard & Blomquist 2005) and act as semiochemicals (Wagner et al. 1998) while also having
species-specific distinctions (Howard 1993). Aldehydes which are demonstrably important volatile
compounds in other seabirds (Bonadonna et al. 2007, Hagelin 2007), were also amongst the more
highly occurring compounds in the six species studied here. In this study, however, aldehydes did not
drive species odour distinctions; indicating that these compounds are conserved amongst seabird
species.
Species-specificity in odour is unlikely to be due to diet. In other systems, odour synthesis can arise
from specific diets or bioaccumulation (Leon 1975, Brooker et al. 2015). Although the diet and
foraging trophic state of each of the six seabirds in the current study remains relatively unknown,
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differences in odour do not match the distinctions in the foraging behaviour (and therefore prey type).
For example, white-faced storm petrels were distinguished by several prominent alcohol compounds
and are surface foragers, likely foraging on crustaceans (similar to Wilson’s storm petrels, Oceanites
oceanicus; Croxall et al. 1988). Grey-faced petrels also had prominent alcohols in addition to some
differentiating acid compounds and their diet includes cephalopods, fish, and crustaceans (Imber 1973).
However, the most prominent volatile compounds for each species have no known association with
diet. For example, species-specific differences did not include forms of dimethyl disulphide or dimethyl
trisulfide, compounds associated with decaying proteins (Statheropoulos et al. 2007). However, several
compounds present only in trace amounts could be tentatively identified as forms of amines, related to
trimethylamine a volatile compound associated with fish odour (Brand & Galask 1986).
Trimethylamine itself was not present. Thus, species-specific odour profiles are unlikely to be
attributable solely to metabolites or dietary byproducts.
Drivers of species-specific odours

The species-specific differences identified here have a strong phylogenetic component. This is the first
phylogenetic odour study for birds, but phylogeny affects odour in various taxa. For example, this has
been chemically tested in some insects (Symonds & Elgar 2008, Symonds et al. 2009) and
behaviourally tested across four species of mole rats (Spalax ehrenbergi; Heth & Todrank 2000). The
degree of similarity between the odours of closely related taxa can indicate the evolutionary mechanism
involved in determining the observed odour profiles. For example, phylogenetic patterns of odour
profiles may arise via gradual change in odour across species, and is indicated by similar chemical
signals in closely related species (Roelofs & Brown 1982), this seems the most likely mechanism
explaining the similarities found for Procellariiformes. Alternatively, when species-specific odour
profiles function in reproductive isolation, this is hallmarked by a saltational shift in chemical profiles
between species (Baker 2002, Symonds et al. 2009). Behavioural assays are needed for more
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Procellariiformes and other bird clades to specifically test the evolutionary mechanism of smell in
seabird taxa. Of the six seabird species analysed here, however, salient compounds showed clear
evidence of species predictors (Table 2), indicating a saltational shift in odours which may well
indicate some evolutionary function. A chemical distinction in species may be appropriate for species
that occupy the same environmental niche. Petrel species compete for burrows with heterospecifics
(Ramos et al. 1997, Was et al. 2000, Friesen et al. 2016). The overlap in key behavioural and ecological
contexts, like the six species of seabirds analysed in the present study, may mean that recognizing a
heterospecific through smell in a dark underground burrow is an important way to reduce aggressive or
threatening encounters.
Chemical analysis of a wider range of Procellariiformes, incorporating other closely related species
(like the fluttering and little shearwaters) is the next step for developing a predictive model of the
evolution of volatile chemicals in seabirds.
Other factors aside from evolutionary mechanisms that may contribute to patterns in odour profiles
amongst seabirds cannot be ruled out. Further studies on stable isotope and marine isoscape niches and
migratory patterns of these species may also illuminate why some species exhibit more chemical
similarities than others. Understanding the evolutionary basis of smell in a clade of seabirds also
requires investigation of the ecological importance of particular compounds and the phylogenetic
heritability of these key chemical signals in the future. The derivatives and significance of chemical
functional groups in seabirds remains an important future research goal for this field (Leclaire et al.
2014).
Conclusion
We are beginning to understand more about the behavioural context (e.g. mate recognition, foraging) of
smell for many seabird species that live nearly entirely on the open ocean (Bonadonna & Bretagnolle
2002, Bonadonna et al. 2003, De León et al. 2003, Mardon & Bonadonna 2009). This study is the first
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to compare odour profiles of a range of seabird species, including little penguins, which despite being
nocturnally active, burrow-nesting seabirds have been little studied from an olfactory perspective
(Cunningham et al. 2008). This study shows that odour intensity is variable, distinct species odour
profiles exist and that these demonstrate links to phylogeny, giving the first insight into the evolution of
the iconic seabird smell that often characterize these species. I also found that certain species of
seabirds have more odours and are more similar than others.
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5.8 FIGURES AND TABLES

Figure 1. Example chromatograms from a random individual of the six seabird species analysed with
retention time in minutes on the x axis and the peak area on the y axis.
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Figure 2. Chromatogram area for six seabird species, indicating the amount of volatile organic
compounds emitted from feather samples (controlled for feather size). Black lines show exact mean
chromatogram area, and white lines show the chromatogram area of individual samples.
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Figure 3. Species-specific seabird odour profiles are indicated by a plot of the discriminant scores of
highest peak area compounds (up to the most prominent 30 compounds per species) using species as
the grouping variable. Each data point represents an individual feather sample.
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Figure 4. Evolutionary distance between 5 Procellariiformes and 1 Sphenisciformes based on
birdtree.org and visualized using FigTree v1.4.2.
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Table 1. Results of principle components analysis with Kruskal-Wallis tests, and post-hoc power tests.
The “% variance” shows the percentage of variation explained by each PC, and the statistical
significance between species (significance indicated with *).

Principle
Component
1
2

% Variance χ2 d.f. = 5,121
42.40%
17.6917
26.30%
49.1468

Prob> χ2
0.0034*
<0.0001*

Power
0.3316
1

Table 2. Percentage of odour profiles classified by seabird species using cross-validated discriminant
function analysis (DFA) based on the compounds with the highest peak area for each species (up to the
greatest 30 compounds per species). *Indicates percentage of correct classification of odours to the
species predicted.

diving petrel
fluttering shearwater
grey-faced petrel

fluttering
diving petrel shearwater
0.91*
0.04
0
1*
0
0

grey-faced
petrel
0
0
1*

little
shearwater
0
0
0

white-faced
storm petrel
0.04
0
0

little penguin
0
0
0

little shearwater
white-faced storm petrel
little penguin

0
0
0

0
0
0

0.78*
0
0

0
0.95*
0

0
0.05
1*
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Table 3. Compounds identified using NIST library and their chemical functional group that account for
88% of odour distinction between species. Results of a discriminant function analysis (DFA) stepwise
analysis of species until the % of difference plateaued. Compounds with a 70% or more match were
considered ‘putative’ matches. Samples between 50% and 70% matches were labelled ‘tentative’
matches, and all assignments of under a 50% match were labelled as ‘unknown’ compounds (2
unknown compounds identified).

Compound Identified
tentative_1,3,5-Triazin-2(1H)-one, 4-amino-6-(ethylamino)putative_2-Hexanol, 2,5-dimethyl-, (S)tentative_2-Methylthio-2,3-dimethylbutane
tentative_3-Butyn-1-ol
tentative_3,6-Dimethyl-2,4-heptadione
tentative_4-Octenoic acid, methyl ester, (Z)tentative_7H-Dibenzo(a,g)carbazole, 12,13-dihydrotentative_9,10-(1,2-Benzeno)anthracene, 2,3-dimethyl-9,10-dihydroputative_Decane, 2,4-dimethylputative_Dipropylene glycol monomethyl ether
tentative_Hexanedioic acid, 2-methyl-, diethyl ester
tentative_Pentane
putative_Sulfurous acid, pentyl tetradecyl ester
unknown_84
unknown_216
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Functional Group
amino acid
alcohol
alkane
alcohol
ketone
acid
aromatic heterocyclic
alkene
alkane
alkene
acid
alkane
acid
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Photo by: Steph Borrelle; Burgess Island at sunset.
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6
Seabird sensory adaptions: building blocks for understanding a complex
life and evolution

6.1 SYNTHESIS
Seabirds are often overshadowed in studies of sensory ecology (particularly in respect to acoustic and
visual cues) by other avian taxa that exhibit brighter colours (Stradi et al. 2001), more easily heard calls
(Kelley et al. 2008), and in depth neurological background in songs (Nottebohm et al. 1986). Despite
this, and though usually not recognized from the background of sensory ecology, a good understanding
of sensory systems is evidently critical for conservation of species (Chapter 1), due to the importance of
sensory perception and communication for foraging and moving underwater and the air (Martin 1998,
1999, Martin & Prince 2001), navigation (Nevitt et al. 1995, Nevitt 2000, Lohmann et al. 2008), and
mating behaviour (Jouventin et al. 2007). This thesis provides evidence that the sensory modes in
seabirds (primarily Procellariiformes) are more complex than recognized. This major finding shows
that the sensory mechanisms used in various life history traits are likely fine-tuned, well adapted, and
provide critical background to many other fields of seabird biology including migration (Rayner et al.
2011) , foraging (Elliott et al. 2008), reproduction (Warham 1990; Chastel et al. 1995), and therefore
conservation (Croxall et al. 2012) .
I have approached the topic of seabird sensory ecology in a multi-level way, including multiple sensory
modes (particularly acoustic and olfactory) and different scales by exploring variation at the level of the
individual, population, species and order. This thesis uses a 3-tiered foundation to understand the use of
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sensory modes in Procellariiformes from (1) behavioural and functional basis, to (2) theoretical
foundation of evolution and phylogenetic constraints, and (3) applications in conservation. This holistic
approach to seabird sensory ecology incorporates different biological scales by investigating
individuals, species, and across orders. I believe that this broadly encompassing background has
provided a greater perspective on how intricate seabird sensory modes are, and highlights parallels in
the evolution, behaviours, and conservation findings with other taxa.
6.2 BEHAVIOUR AND THE EVOLUTION OF SENSORY PERCEPTION
Many seabird species face communicative constraints that other terrestrial species do not (Bretagnolle
1996). For example, seabird species across a range of orders (including many Procellariiformes,
Charadriiformes, and Sphenisciformes) return to the islands they breed on only after dark (Schreiber &
Burger 2001). They are also highly colonial as a group (Coulson 2001) and perform extreme migrations
across seemingly visually featureless marine ecosystems (González-Solís et al. 2007, Rayner et al.
2011). These behaviours impose limitations in their ability to exchange information, identify mates and
kin, and navigate. Seabirds and other taxa that share similar sensory boundaries perceive their world
differently than we expect from our human bias. These specialized senses are reflected in seabird
behaviour, particularly in the modes and mechanisms of communication.
The research presented in this thesis has identified important new aspects of seabird behaviour
associated

with

communication,

particularly

in

grey-faced

petrels

(Pterodroma

gouldi).

Communication with mates has been the focus of many vocal communication studies across taxa
(James 1984, Taoka et al. 1989, Taoka & Okumura 1990, Stephen 2012). Grey-faced petrels meet their
mates only after dark, in an environment with low light levels (Imber 1975). As a result, vocalizations
are seemingly very important for mating behaviour in grey-faced petrels. Six unique call types were
identified as being specific to the breeding behaviour of grey-faced petrels during the important
prospecting period of the breeding season (Chapter 3). Of these calls, one call was found to be nearly
unique to females (with only two known males making the call). This result indicates that in grey-faced
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petrels, females are responsible for creating an attraction call during breeding, likely for the purpose of
luring in males or mates. This is unique amongst Procellariiformes, where typically this type of
attraction or mate luring call is produced uniquely by males (Bretagnolle 1989, Taoka et al. 1989,
Podolsky & Kress 1992). This thesis also shows that some vocalizations are only produced by birds
from inside burrows and only during the ~ 2 weeks of intensive prospecting for mates (Chapter 3). This
further emphasises the importance of auditory cues in the mating behaviour of grey-faced petrels, and
other nocturnally active seabirds.
Another aspect of auditory communication is how individuals respond to calls and stimuli. My research
determined that grey-faced petrels have the ability to vocally match vocalizations, which is the first
time this has been shown for any seabird or any other basal bird lineage. While the adaptive benefits of
this behaviour remain unknown, it is likely to be important in communicating with mates or in mate
selection (Chapter 4).
The communication between parents and chicks is under unique constraints in many seabird species
because they nest in deep underground burrows and in colonies (Jouventin et al. 1999, Aubin &
Jouventin 2002). Chick and parent communication remains poorly understood, however I found several
call types that are produced by chicks in the burrow, including one that is not a practice call or juvenile
form of an adult call, but rather, a unique chick call (Chapter 3). This finding indicates that auditory
cues are at least in part important in parent-chick communication. Further research into this area is
required to test the behavioural implications of chick calls and pre- and post- natal vocal recognition (as
in Colombelli-Négrel et al. 2014).
Sensory ecology has the opportunity to inform how we study and understand animal behaviour
(Stevens 2013). Procellariiformes are ideal model species to look at this connection because of the
specialized sensory modes that they use in key aspects of behaviour, like mating and chick-rearing.
Other taxa that share life-history traits, such as constrained vision (e.g. for nocturnal or aquatic
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species), will likely exhibit convergent evolution of similar sensory traits. While the sensory aspects of
behaviour is a growing field in seabird ecology, especially olfactory communication between kin and
mates, the evolution of these sensory adaptations and how they form the basis of or facilitate essential
seabird behaviour and communication remains essentially unstudied.

6.3 EVOLUTIONARY AND PHYLOGENETIC CONSTRAINTS OF SENSORY MODES
Animal perception of their surroundings has often evolved in response to pressures from ecosystems
(Yopak et al. 2015), or as means of separating species (Slabbekoorn & Smith 2002), enhancing
effective information exchange (Endler 1993), or sexual selection (Ryan 1990, 1983). In this thesis I
take the novel approach of investigating the sensory mechanisms of seabirds from a phylogenetic
perspective.
Procellariiformes are one of the most olfactory avian groups (Bang 1966, Bang & Wenzel 1985).
Olfaction is an important sensory mode throughout the clade (Nevitt 2000; Cunningham 2008) for its
role in communication (Mardon et al. 2010, Coffin et al. 2011), and navigation (Grubb 1974, Wallraff
2004, Gagliardo et al. 2013). Sphenisciformes is the sister order to Procellariiformes, and species such
as Little penguins (Eudyptila minor) share some similar behaviours with Procellariformes, such as
being nocturnal on nesting colonies (Warham 1958). Accordingly, they can also use smell for similar
communication (Coffin et al. 2011) and navigation behaviour (Cunningham et al. 2008, Amo et al.
2013). The characteristic seabird odour that has been described, particularly in petrels (Bang 1966),
has never been investigated from a phylogenetic perspective. Here, I identified similarities between
odour profiles in more closely related seabirds (Chapter 5). This result opens up the possibility of
further studies into the mechanisms driving the evolution of personal odours across seabirds and other
avian taxa. Additionally, the smell that is produced by the six species analysed was distinctly different,
and some species produced more volatile compounds than other species (Chapter 5). Further studies
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should investigate the link between behaviour, phylogeny and species-specific odour profiles to
identify if certain behaviours are driving the evolution of particular odour traits.
Sensory traits may also evolve on a finer scale, such as between sexes or geographically distant
populations within species (Slabbekoorn & Smith 2002). While most petrels are considered highly
philopatric, recent molecular research on grey-faced petrels has shown a genetic panmixea indicating a
high flow of individuals between colony locations (Lawrence et al. 2014). Despite this finding, greyfaced petrels had colony-specific differences in acoustic traits, ie. local ‘accents’ (Chapter 3). Research
on other avian taxa indicates that regional differences in song can result from the colonial nature of
some species, and differences in migratory patterns (Podos et al. 2004). In particular, the geographical
variation in bird song has been linked to animals that vocalize through imitation, a form of vocal
learning (Slabbekoorn & Smith 2002, Podos & Warren 2007). In grey-faced petrels, I show the first
evidence that a seabird may exhibit acoustic learning behaviour through their ability to do vocal
matching (Chapter 4), a surprising result given the sophisticated cognition typically associated with
vocal matching, and seabirds’ basal status. More research is required to understand the evolutionary
context of vocal matching in seabirds and also the important coding mechanisms that seabirds use for
vocal communication. The complex nature of vocal cues, particularly in the grey-faced petrel, and the
odorous nature of seabirds provide evidence that evolutionary selection, phylogeny and environmental
factors all affect these traits.
6.4 SENSORY-BASED CONSERVATION
The manipulation of sensory cues for conservation efforts is a promising new field that may be most
applicable for species that exhibit particular behaviours, especially coloniality, philopatry, and forming
long-term pair-bonds (Chapter 1). Seabirds face significant threats, both on land at their breeding
colonies from invasive predators, and at sea as a result of bycatch (Croxall et al. 2012; Anderson et al.
2011). Sensory-based techniques can address these major threats by attracting seabirds to restored
habitat, and incorporating bycatch mitigation signals into fishing apparatus (Chapter 1, see Table 1).
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Many of these sensory-based conservation efforts in seabirds are successful and can inform us about
the behavioural traits that might facilitate the use of sensory-based conservation in other taxa (Chapter
1).
In general, the use of sensory techniques for conservation needs studies that quantitatively test the
success and limitations of techniques on particular taxa, including the use of experimental controls
(Chapter 1). To experimentally address the use of sensory-based conservation techniques in the greyfaced petrel, I tested the responsiveness of behaviourally distinct vocal cues and a supernormal stimulus
for attraction to restored nesting sites, showing that birds do not respond equally to all acoustic
treatments (Chapter 2). While many seabird restoration groups are beginning to trial acoustic
techniques for colony augmentation (Sawyer & Fogle 2013; 2010), it is important to understand that
not all call stimuli are equally effective. For example, I found that attractive calls are more successful
than aggressive call types (Chapter 2). Further research in this field should explore the responsiveness
of both sexes to acoustic playback to address questions that one sex may be more easily attracted than
others, and whether this in turn affects the successfulness of the restoration efforts.
Less work has been done on the use of olfactory cues for conservation of seabirds than on the use of
acoustic stimuli (Chapter 1). To test the use of odour for attraction of two Procellariiformes, the use of
conspecific odorant attraction was trialled in artificial nesting boxes for fluttering shearwaters (Puffinus
gavia), and grey-faced petrels, but the results showed that this did not change the use of artificial
nesting boxes by these species (Chapter 2). The future of odour cues for conservation of olfactory
animals still remains largely unexplored. For seabirds, the chemical profiles of potential odorant
deterrents that could be used for bycatch reduction is an area that requires further exploration.
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6.5 KEY FINDINGS AND IMPLICATIONS
This thesis provides a broad investigation into how Procellariiformes perceive the world around them,
how these traits can be used for conservation, and how this informs understanding of their behaviour
and evolution. The key finding of this thesis is the previously unknown complexity and specialization
of sensory modes in seabirds. Understanding the intricacy of seabird perception gives insight into the
sensory world not only of seabird taxa, but other animals that share similar ecological constraints. The
identification of vocal matching in grey-faced petrels promotes the investigation of vocal learning in
seabirds, and additionally, furthers the field of acoustic learning across taxa that have never previously
been considered to exhibit this type of behaviour. The results portrayed here provide the first cross-taxa
evidence that the unique odour attributed to seabirds has a phylogenetic basis. These significant results
expand the field of seabird biology and the evolution and behaviours associated with sensory ecology
in general. In general, I hope the experiments and findings in this thesis show the importance of
understanding perception in animals, and expand the reach of sensory ecology into other fields of
research.
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Seabirds include some of the most endangered
species of birds in the world; 28% are listed as
globally threatened and 5% are critically endangered
(Croxall et al. 2012). New Zealand is a global seabird
hotspot with potentially more breeding species than
anywhere else in the world (Taylor 2000; Forest
& Bird 2014). One of the main threats to seabirds
while on land is predation by invasive mammals
(Burger & Gochfeld 1994). As a result, many seabird
restoration projects have included programs to
remove or control invasive mammalian predators.
For species that nest in burrows (e.g., petrels), the
use of artificial nesting boxes to entice individuals
to predator-free sites has been successful for a range
of seabirds (Bolton et al. 2004; Priddel et al. 2006),
including penguins (Sherley et al. 2012; Sutherland
et al. 2014).
Amongst burrow-nesting seabirds, competition
for burrow sites is not uncommon (Bolton et al.
2004). Inter- and intraspecific competition for nest
burrows has been recorded, particularly amongst
Procellariiformes (Imber 1976; Ramos et al. 1997;
Sullivan & Wilson 2001). In some other species, the
Received 6 April 2016; accepted 11 May 2016
Correspondence: mfri472@aucklanduni.ac.nz

rapid uptake and high use of artificial nest boxes
indicates a low availability of suitable natural nest
sites (Rohrbaugh Jr & Yahner 1997). Additionally,
the choice of particular burrow locations may be
a result of environmental factors that managers
cannot always identify (e.g., temperature, slope).
While competition for nesting sites often results in
displacement, and occasionally injury or death of
one party, these typically involve individuals of the
same species, situations where one species is more
aggressive, or where juveniles are targeted. For
example, chicks of the endangered Chatham petrel
(Pterodroma axillaris), face threats from the abundant
broad-billed prion (Pachyptila vittata), which nests
sympatrically and engages in burrow competition
with Chatham petrels (Sullivan & Wilson 2001;
Kennedy 1994). However, broad-billed prions were
not more attracted to Chatham petrel nesting sites
in preference to their own sites (Sullivan et al. 2000)
indicating that competition between the 2 species is
based on lack of habitat rather than seeking more
preferable sites.
While intraspecific competition for nest sites
is relatively common amongst Procellariiformes,
competition between this group and penguins
(Sphenisciformes) has been rarely recorded.
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Fig. 1. A) Grey-faced petrel found dead outside of nest box
as a result of competition from little penguins on 13 May
2015 at Tawharanui Regional Park (Photo: Kerry McGee).
B) Second grey-faced petrel found dead inside nest box
tunnel Novacoil entrance as a result of competition with
little penguins on 19 May 2015 at Tawharanui Regional
Park (Photo: James Ross).

Sandager (1890) noted in his account of the
Mokohinau Islands that penguin “nests are
occasionally found at a couple of hundred feet
above the water, but only, I think, when suitable
places cannot be found at a lower level. On one
occasion I witnessed a fight between [a penguin]
and a Procellaria [Pterodroma gouldi] about a burrow.
Leaving them to settle the question, and visiting the
spot again a few days later, I found the penguin
dead outside the burrow, and the Procellaria in
possession”. It is interesting to note that reports
from South East Island, Chatham Islands, found that
little penguins (Eudyptula minor) were outcompeted
for burrows by the smaller, broad-billed prion (~200
g; Was et al. 2000). Here we report the first incidence
of little penguin apparently killing a pair of greyfaced petrels (Pterodroma gouldi) in competition for
a nest site.
We made our observations at Tawharanui
Regional Park (-36.365350, 174.857987), a mainland
open sanctuary north of Auckland on the Hauraki

Gulf. Following the installation of a pest-proof fence,
mammalian pests within the park were eradicated in
spring 2004 using 2 aerial applications of brodifacoum
(Pestoff 20R) toxic baits supported by trapping,
hunting, poisoning at bait stations, and detection
dogs. Ten species of pest mammals were targeted for
eradication including brushtail possum (Trichosurus
vulpecula), cat (Felis catus), ferret (Mustela furo), stoat
(M. erminea), weasel (M. nivalis), ship rat (Rattus
rattus), Norway rat (R. norvegicus), house mouse (Mus
musculus), European rabbit (Oryctolagus cuniculus),
and European hedgehog (Erinaceus europaeus).
Seven of the 10 species were eradicated but house
mice, rabbits, and hedgehogs persisted although
hedgehogs are now at zero density, and rabbits are
subject to a sustained control programme. The site
is monitored extensively for signs of pests and all
incursions by rats, cats, mustelids and possums that
have been detected have been successfully controlled
through trapping, shooting and baits (Maitland
2011). The sanctuary is managed in partnership by
Auckland Council and Tawharanui Open Sanctuary
Society Inc.
Surveys in 2009 discovered a small population of
grey-faced petrels breeding at Ngaio Bay, which was
either a remnant population or newly established
since the eradication. Subsequent surveys identified
additional natural grey-faced petrel burrows in the
same vicinity (Gaskin 2012). Seven of the burrows
discovered at Ngaio Bay were within 30 m of the
shoreline. Little penguins have been observed
using burrows in this area, including successful
breeding, and surveys in 2010 indicated that there
were 4 penguin burrows at this location. Little
penguin chicks have been observed in the vicinity
of the grey-faced petrel burrows, and surveys in
2010 confirmed a number of penguin burrows in
this area. Several burrows were also known to have
been used by both petrels and penguins in different
seasons.
The absence of mammalian predators at
Tawharanui, the existing small population of greyfaced petrel and its proximity to the outer Hauraki
Gulf, made the sanctuary an ideal candidate for
seabird restoration including the use of sound
attraction systems (Gaskin 2012). Three systems
were installed at 3 sites in 2011, and 16 nest boxes
were installed for grey-faced petrels in 2013
including 12 at Ngaio Bay. The location of the nest
boxes was chosen to be close to existing natural
grey-faced petrel burrows (i.e., close to the shore),
although most of the new boxes were clustered
around one of the sound attraction systems. The
use of artificial nesting boxes coupled with acoustic
attraction has been successful in attracting greyfaced petrels, with 3 chicks fledged in boxes during
the 2014 breeding season and 2 chicks during the
2015 season.
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On 7 May 2015, a pair of little penguins was
found in one of the nest boxes positioned near the
shore. This nest box had been occupied by a greyfaced petrel pair in 2013 and the same pair also
fledged a chick in the same box 2014. When the box
was checked a week later (13 May 2015), a dead
grey-faced petrel adult was found at the nest box
tunnel entrance. The bird was lying on its chest
and facing the burrow entrance. Trauma to the eye
socket, skull, and back of the bill was evident (Fig.
1). The bird’s band confirmed that this adult was
one of the pair that successfully fledged a chick
from this nest box in 2014. Following the discovery
of the dead petrel, tracking cards were deployed
and additional baits added to nearby traps to check
for possible mammalian predators. No evidence of
mammalian predators was found (note that weka
are not present at Tawharanui, and no other avian
predators present are known to burrow).
Less than a week later, on 19 May 2015, a
second dead grey-faced petrel was found at the
same nest box. This adult was not banded and
was found partly within the tunnel, with large
wounds on the neck (potentially indicating it
had been dragged into the tunnel, Fig. 1). Fewer
abrasions to the face were found compared to the
first dead petrel. The second dead grey-faced petrel
was autopsied (Massey University, Accession No.
52080) and the cause of the injuries were found
to be ‘likely avian aggression’ with substantial
evidence against mustelid predation. A dog trained
to indicate on mustelids also showed no reaction to
this dead petrel. A trail camera (KeepGuard 12MP
720P Infrared) placed facing the burrow entrance
recorded considerable penguin activity over the
following 2 weeks.
The pair of little penguins remained in the nest
box and a single egg was laid in mid-July (Fig. 2).
The egg was incubated until 1 October 2015 but
proved to be infertile. At this point the pair moved
to an empty adjacent nest box where they laid a
second egg. This egg hatched on 20 November and
the chick fledged.
Grey-faced petrels at this site close to the shore
were likely a small remnant colony that overlapped
with little penguin habitat. While competition for
nest sites could be expected the deadly aggression
by little penguins towards grey-faced petrels was
not anticipated. While little penguins are known
to be aggressive (Waas 1990) and highly territorial
(Mouterde et al. 2012), their ability to outcompete
and kill a large gadfly petrel (~550 g) has not been
previously recorded.
At least 2 other penguin nests with chicks and 3
successful grey-faced petrel burrows were located
within 30 m of the usurped nest box during the
2015 breeding season. With the numbers of both
grey-faced petrel and little penguin at Tawharanui
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Fig. 2. Pair of little penguins with their egg, inhabiting the
artificial burrow subject to competition with grey-faced
petrels (photo: Megan Friesen).

increasing (from unpublished data collected during
routine surveys), further conflict between petrels
and penguins cannot be discounted.
The implications for seabird restoration programs
of such conflict are most severe at the establishment
and early recovery phase when losses of individuals
will have a greater proportional impact. As recovery
proceeds then the loss of individuals as a result of
conflict or competition, while unfortunate, will
be of less significance for population recovery.
Consequently, initial restoration plans for burrownesting petrels that co-occur with little penguins
should consider the placement of artificial burrows
to avoid aggressive interactions of this type. The
chance of overlap may increase as populations grow,
but conflict at this stage should be less detrimental
to seabird restoration. While the placement of nest
boxes in this instance was partly determined by the
location of a small remnant population close to the
shore, installing nest boxes in a cliff-top environment
could decrease incidences of competitive encounters.
Further investigation is required to determine if the
use of nest boxes elicits natural behaviour in burrow
residents. It is possible that breeding individuals
in artificial boxes are young or new breeders that
could be exhibiting unusual levels of aggression.
For example, Cory’s shearwaters (Calonectris
borealis) nesting in artificial burrows were found
to lay smaller eggs, indicative of younger nesters,
than pairs nesting in natural burrows (Ramos et al.
1997). While this project shows the risks of mortality
from interspecific interactions, the use of artificial
nest boxes to increase nest sites remains a valid and
successful tool for seabird restoration.
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1 Introduction
Introduction
Seabirds are a classification of birds that spend all their lives in the marine environment,
coming to shore only to reproduce (Schreiber and Burger 2001); a unique behaviour amongst
bird taxa. The seabird group includes species in several systematic orders including:
Procellariiformes (tube-nosed seabirds), Sphenisciformes (penguins), Charadriiformes (auks,
gulls, terns, etc.) and others (Table 1). Aside from their reliance on marine environments,
seabirds are very diverse in their foraging, mating, and nesting behaviours. In spite of the
many differences, most seabirds share a common conflict with anthropogenic (human
induced) disturbances both at sea and on land. Because of threats while foraging and nesting,
seabirds make-up some of the world’s most at risk animals: 28% are globally threatened and
17% are critically endangered (Croxall et al. 2012). Amongst birds, Procellariiformes (tubenosed seabirds) and Sphenisciformes (penguins) have had one of the greatest reductions in
populations due to human-induced environmental changes (Croxall et al. 2012). As a result of
their critical role in marine food-webs, their role as bottom-up drivers of terrestrial
ecosystems, and the severe human-induced challenges that they face, seabirds are a top
priority for conservation movements world-wide.
Table 1. Avian orders classified as seabirds. Adapted from Schreiber and Burger 2001
Order
Sphenisciformes
Procellariiformes
Pelecaniformes
Charadriiformes
Suliformes

Example of Birds
Penguins
Albatrosses, petrels, storm-petrels, fulmars, diving petrels,
shearwaters
Pelicans, frigatebirds, cormorants,shags
Terns, gulls, auks, puffins, guillemots, skuas, jaegers
Gannets, boobies

Seabirds in New Zealand
Seabirds are a highly cosmopolitan group that exist throughout the oceanic areas of the planet
(Schreiber and Burger 2001). Though seabirds can be found from the tropics to the poles,
arguably the world’s most important land area for seabird diversity is New Zealand and its
offshore island groups (Taylor 2000, Gaskin and Rayner 2013). New Zealand is home to 84
breeding seabird species, including 35 endemic species, which breed nowhere else in the
world (Taylor 2000). Although often less recognized than other iconic species, the seabirds
are the most specious group of birds in New Zealand (84 seabird species compared to 73
native land-birds; Taylor 2000). Unlike on continental land, seabirds would have historically
nested throughout the mainland of New Zealand. The lack of mammalian predators would
have largely facilitated the dominance of seabirds throughout the mainland (Worthy and
Holdaway 2002). Now that invasive predators as well as land modification are prevalent
throughout the North and South Islands seabirds are, with a few exceptions, limited to
mammalian predator-free offshore islands or fenced reserves on the mainland. New Zealand
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seabirds are not only faced with the introduction of pests throughout their historical breeding
grounds, but also from differences in management, or lack thereof, in their often pan-global
marine migrations.
Within New Zealand, the Hauraki Gulf is a hotspot for seabirds, with 27 species (16 endemic
species) making use of breeding grounds in the area (Table 2, Gaskin and Rayner 2013).
Many of these species include Procellariiformes, which are globally of dire conservation
concern, with 46.5% of species in the order listed as threatened (IUCN 2014). With a
prominent border with the Hauraki Gulf, Shakespear Open Sanctuary has the potential to
provide critical habitat for the seabirds of the Hauraki Gulf region.
Seabird Conservation in New Zealand
Because of its predominance in seabird biogeography, New Zealand has also been at the
forefront of seabird conservation research. Although attracting seabirds to restored historical
habitat was first documented by Kress (1997) with the attraction of Atlantic Puffins
(Fratercula arctica) in 1973, methods have been refined in New Zealand (Miskelly et al.
2009, Gummer 2003). Of all predominant research (published in peer-reviewed journals) on
seabird attraction methods 5 out of 17 have taken place in New Zealand. In addition to
methods of attracting seabirds, globally important conservation research has taken place in
the Hauraki Gulf region. Most specifically, the discovery of the “extinct” New Zealand
storm petrel (Fregetta maoriana ). The New Zealand storm petrel was found to be using the
productive waters of the gulf and nesting on the off-shore island Hauturu/Little Barrier
(Rayner et al. 2013, Gaskin and Baird 2005). While these conservation measures and a highprofile discovery have drawn attention to seabirds in New Zealand, there is still a drastic lack
in basic knowledge of seabirds in the region, and many species remain well below population
carrying capacities (Gaskin and Rayner 2013).
This document outlines the importance of conserving the seabirds of the Hauraki Gulf, New
Zealand by creating a seabird-suitable preserve at Shakespear Open Sanctuary. The
recommendation and plan outlined here incorporate species which are currently making
minimal use of the park and species which could be interacting with the marine environment
bordering Shakespear. This restoration program will enhance the use of Shakespear for
advocacy of New Zealand’s unique fauna, bolster populations, create new nesting habitat for
seabirds of the Hauraki Gulf, and facilitate much-needed research into the biology of New
Zealand’s critical wildlife.

2 Seabird Biology
Seabirds are a group of taxonomically diverse birds that spend their lives entirely at sea,
coming to land only for breeding. In general, most seabirds are long-lived, reach reproductive
maturity later in life compared to other avian species, produce few offspring, and have a
lengthy chick rearing period (Schreiber and Burger 2001). Because of their evolutionary
diversity, seabirds exhibit a high degree of morphological and physiological variation. Their
extreme habitats, undesirable for many terrestrial organisms, have facilitated unique
behavioural adaptations. For example, in order to cope with life on the open ocean, many
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seabirds have evolved salt secretion glands and extra-renal kidneys to expel sea salt
(Schmidt-Nielsen 1960). Some species in the order Procellariiformes, and some
Sphenisciformes, are nocturnal on land, and many breed in cavities or underground burrows.
Many seabirds also make long foraging trips during the non-breeding s eason (e.g. Landers et
al. 2011). An understanding of the critical life-history behaviour is essential to conservation
and management plans.
Table 2. Seabird species inhabiting the Hauraki Gulf including IUCN status (LC: Least
Concern, NT: Not Threatened, V: Vulnerable, EN: Endangered, C: Critically Endangered).
Adapted from Gaskin and Rayner 2013
Order

Species

IUCN status

SPENISCIFORMES

Northern Blue Penguin
Eudyptula minor iredale

NT

PROCELLARIIFORMES

Cook’s Petrel Pterodroma cookii

V

Pycroft’s Petrel P. pycrofti

V

Black-winged Petrel P. nigripennis

LC

Grey-faced Petrel P. (macroptera) gouldi

LC

Buller’s Shearwater Puffinus bulleri

V

Flesh-footed Shearwater P. carneipes

NT

Fluttering Shearwater P. gavia

LC

Little Shearwater P. assimilis
haurakiensis
Sooty Shearwater P. griseus

V

Black Petrel Procellaria parkinsoni

V

Fairy Prion Pachyptila turtur

LC

Common Diving Petrel
Pelecanoides urinatrix

LC

White-faced Storm Petrel
Pelagodroma marina maoriana

LC

New Zealand Storm Petrel
Fregetta maoriana

C

Pied Shag Phalacrocorax varius

V

Little Shag P. melanoleucos brevirostris

LC

Black shag P. carbo novaehollandiae

LC

Little Black Shag P. sulcirostris

LC

Spotted Shag
Stictocarbo punctatus punctatus

LC

Southern black-backed Gull
Larus dominicanus

LC

Red-billed Gull L. scopulinus

LC

PELECANIFORMES

CHARADRIIFORMES

LC
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SULIFORMES

Black-billed Gull L. bulleri

En

White-fronted Tern Sterna striata

V

Caspian Tern Hydroprogne caspia

NT

NZ Fairy Tern Sternula nereis davisae

C

Australasian Gannet Morus serrator

LC

2.1 Seabird Behaviour
Breeding
Nearly all seabird species nest in colonies, which are spatially aggregated groups of breeding
individuals of the same species (Schreiber and Burger 2001). Some seabird colonies are very
large (e.g. ~8900 pairs of Caspian terns, Hydroprogne caspia, on East Sand Island, Oregon,
USA; Roby et al. 2002; 6,500 pairs of Australasian gannet, Morus serrator, nest at Cape
Kidnappers, New Zealand; Department of Conservation, Cape Kidnappers), others might
include just a few pairs. Seabirds use various key sensory cues to locate, and interact in
appropriate colonies. For example, many diurnal species of seabirds, which are active on
land during the day, will initially locate colonies based on the raucous sound that a colony of
seabirds emits. This is likely enhanced in diurnal birds by the appearance of an active
colony. This would include individuals during the breeding season, or the white-wash of
guano during other parts of the year. Species that nest in cavities and burrows or return to
colonies at night are likely less visual in colony location. These species, like most
Procellariiformes, primarily use other sensory cues to initiate nesting at a specific location,
like sound and smell.
Another trait that is shared amongst many seabird species is the propensity for nest-site
philopatry, or the drive of individuals to return to the location of their birth. While nearly all
species of seabirds exhibit some degree of philopatry, with some petrels and shearwaters
being extremely philopatric (reusing even the same burrow year after year), others are more
ephemeral (e.g. terns). This behaviour has caused issues with conservation efforts targeting
seabirds, because species will usually require additional sensory stimuli to begin breeding in
newly restored habitat in which they were not born. Often, individuals that will choose to
begin nesting at a restored site are new or young breeding birds (personal observation), and
therefore the seabird restoration of a suitable preserve can take years to be initiated.
The seabirds active in the Shakespear region make use of a variety of these breeding
strategies. Species in the procellariiform order primarily nest in burrows or cavities, located
from near cliff edges to within forests (fig. 1). Burrows of grey-faced petrels are often
situated under pohutukawa trees and within the underbrush of forested or more densely
vegetated patches. Diving petrels will often make use of muehlenbeckia spp and flax for their
smaller and short burrows. Other local species of seabirds, like the white-fronted tern nest on
the surface of stacks or cliff edges.
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A.

B.

Figure 1. A. A colony of grey-faced petrels located within the forest of Goat Island, Te
Hāwere-a-Maki. B. Chris Gaskin accessing a shallow diving petrel burrow situated just under
flax.
Foraging
While some species make use of urban sites (e.g. inshore and coastal foraging or even near
residential areas), seabirds are highly adapted for foraging in the open ocean via: plunge
diving, pursuit diving, dipping, surface seizing, pattering, or scavenging (Schreiber and
Burger 2001). Many seabird species are physiologically adapted for flying under prolonged
periods of marine wind, and are kept air-born in part by having a high wing to body aspect
ratio. This is evident in some Procellariiformes species that can be seen gliding along waves
(Furness et al. 1993). Seabirds in New Zealand make use of the highly productive off-shore
waters (Gaskin and Rayner 2013), and will consume prey such as fish, crustacean, squid and
other cephalopods, fish, and zooplankton (Rayner et al. 2008; Taylor 2008; Rayner et al.
2011). Seabird species of the Hauraki Gulf will often fly long-distances during their breeding
season to forage in the most productive areas, like the continental shelf or the Kermadec
Trench. Other species, like many Charadriiformes, will forage just off-shore or in tidal areas.
It is important to consider the metabolic efforts taken by target species as this affects the
frequency of visits to the colony, and the ability of nesting birds to provision chicks.
2.2 Phenology
General seabird season
Some seabirds of the New Zealand region exhibit winter breeding behaviours, a trait that is
exhibited primarily in seabirds of temperate regions (Warham 1996) and likely as a result of
competition over prey resources (Daunt et al. 2006). Several seabird species in the Hauraki
Gulf use the cooler winter months to lay eggs and provision chicks (e.g. grey-faced petrels).
While we are still uncovering information regarding the precise phenology of seabirds
breeding in the region, we have some information about the timing of more common species
to the Shakespear area (Fig 2, for priority 1 and 2 species). The variable breeding cycles of
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many of the seabirds in proximity to Shakespear Open Sanctuary gives the park a rare
opportunity to facilitate sensory attractions during all times of the year for different species.

Figure 2. The breeding cycle of priority 1 and 2 species (see Table 3). “Non-b” indicates
non-breeding season, “p.l.” indicates pre-laying season, “i” indicates incubation time, and
“ch” indicates chick rearing period. Attraction methods can go all the way through the
breeding season, with emphasis on the prospecting phase.

2.3 Seabird Threats
Threats at-sea
When not on breeding colonies, one of the biggest threats to seabirds is from the incidental
bycatch of longline, trawl warps and other fishing vessels (Pierre et al. 2013). Although the
numbers of seabirds killed as a result of fisheries is difficult to determine, some predictions
estimate that over 160,000 seabirds are killed annually in a range of 68 fisheries (Anderson et
al. 2011). Additional threats to seabirds while on foraging trips include the ingestion of
oceanic plastic debris (Ryan 1988). All species are affected by the disruption of marine food
webs through over-fishing, oil spills and slicks, and climate change.
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Threats on land
Most seabirds create nests that are on the ground or in dug-out burrows or cavities. This
behaviour makes most species vulnerable to mammalian predation (e.g., rodents, cats, dogs,
and mustelids; Burger and Gochfeld 1994). Invasive mammals are responsible for the
decimation of many seabird populations by way of taking eggs, chicks, and even adult birds
depending on the species (Burger and Gochfeld 1994). In addition to predation, near-shore
colonies have been impacted by the encroachment of residential and recreational
development by humans (Beatley 1991), or by habitat trampling from livestock (Micol and
Jouventin 1995).

2.4 Overview of Seabird Conservation
While it is important for seabird researchers to monitor population trends, it is often
necessary to make applied efforts to support species growth. This is especially true as most
seabirds are long-lived and late breeders (K-selected species) and therefore there are often
delays in the effects of population declines. To combat the many human-induced threats that
face seabirds, managers have focused efforts on pest eradication, translocations of chicks
(especially in highly philopatric species), social attraction, and bycatch reductions (e.g. Jones
and Kress 2012). In establishing new colonies and augmenting regional populations, the
imitation of attractive sensory-cues has been used extensively, particularly in New Zealand,
to give the appearance of an active colony (e.g. the use of decoys or speakers to project
vocalizations, Gummer 2003, Miskelly et al. 2009, Miskelly and Taylor 2004). Additionally,
in species that are highly likely to return to their location of fledging, chick translocations
have been broadly trialled in New Zealand (Miskelly et al. 2009). While not all of these
management techniques have been successful, many have been effective, and some have been
responsible for the perpetuation of entire species (e.g. Chatham Island taiko, Pterodroma
magentae, G. Taylor personal communication). While restoration measures are critical for
species conservation, seabirds are also extremely important ecosystem engineers and will be
beneficial to the restoration of New Zealand as it serves as critical habitat for other species of
flora and fauna.

3 Shakespear Open Sanctuary
Shakespear Open Sanctuary holds three qualities that lend it to being a suitable restorative
seabird habitat. The first is its situation within the Hauraki Gulf. Second is the 500 hectare
park’s topography, with cliff-tops and patches of native bush. The third critical quality is the
lack of mammalian predators, making it a place suitable for New Zealand native species.
While Shakespear has positive attributes, it should also be noted that the park is close to an
urban centre creating a possibility of re-invasion and exposed to light and sound pollution.
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3.1 Importance for seabirds
Location
The peninsula which Shakespear Open Sanctuary encompasses is one of two large land
masses which jut into the Hauraki Gulf (the other being the peninsula which holds
Tawharanui Open Sanctuary). Perhaps even more important than its island-like presence
within the gulf is the peninsula’s proximity to other areas of importance for seabirds.
Shakespear is situated, 3.79 km from Tiritiri Matangi Island, a wildlife reserve that has
substantial breeding populations of grey-faced, and diving petrels. Only slightly farther afield
(47.2 km) is Hauturu/Little Barrier Island, which is the only known home of the newly rediscovered New Zealand storm petrel, and local breeding site of Cook’s petrel. With
burgeoning populations of grey-faced petrels, diving petrels, and an active seabird restoration
plan (including decoys and playbacks for Australasian gannets), Tawharanui is also an
important neighbour (26 km away) for seabirds. Shakespear falls within the land mass of the
‘North Auckland fly-way,’ outlined by Gaskin and Rayner (2013), providing an overpass of
seabirds commuting from the Tasman Sea into the Hauraki Gulf. The spatial location of
Shakespear and close proximity to other colonies, make it ideal for social attraction methods.
3.2 Aptitude for Seabird Restoration
Predator-Free
The 1.7 km predator-proof fence that separates the peninsula of Shakespear Open Sanctuary
from the remainder of the North Island was installed in 2011. With the installation of the
fence came a comprehensive pest eradication program, which has rid the peninsula of all
invasive mammals except mice. The enclosed predator-free zone that the fence creates causes
the sanctuary to be an ideal location for restoration projects that are fundamental to the
growth, genetic diversity, and sustainability of many of New Zealand’s native fauna and
flora. Due to the extreme benefit derived from suitable habitat without predators, it is critical
to include the recovery of seabirds in the Hauraki Gulf in the long-term management plan of
Shakespear Open Sanctuary.
3.3 Seabirds Currently at Shakespear (2014)
In Autumn of 2014, dog surveys of the East coast of Shakespear’s headland region uncovered
9 active petrel burrows and 1 active little penguin burrow (reported by: Joanna Sim 2014).
Whether these birds are beginning to colonize the sanctuary as a result of pest eradication or
are a surviving remnant of older populations, the findings are highly indicative of the promise
Shakespear holds as a seabird refuge.
Species currently using Shakespear Open Sanctuary:
Grey-faced Petrel
It is likely that at least some of the burrows discovered by the 2014 dog survey are those of
grey-faced petrels. Several vocal surveys around the southern headland of Shakespear and the
New Zealand Defence Force land that took place in May of 2014 did not discover high
activity of grey-faced petrels in the Shakespear region. This indicates that while grey-faced
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petrels have a small strong-hold in the park, interest in the area by breeding birds is likely low
and could be augmented through social attraction methods.
Diving Petrel
Several small burrows were discovered by the 2014 canine (a dog trained to smell seabird
odours; see appendix 1) surveys that were potentially belonging to diving petrels. These
burrows also had the presence of black and white feathers. Due to the small size and
susceptibility of this species to predators, long-term success of predator free status should be
monitored before attracting measures begin.
Little Penguin
Little Penguins are present at Shakespear with at least 1 active burrow discovered by the
2014 dog survey (penguin in burrow at the time of the survey). It is likely that other little
penguin burrows are around the Shakespear headland, but requires further survey effort.
Little penguins could act as a good ambassador species (see Section 8) by providing nest
boxes with peep holes. This species would be better suited for this type of advocacy over
other species as little penguins often forage inshore.
Red-billed Gull
Often seen around the Shakespear headland, but not currently known to breed within the
sanctuary.
White-fronted Tern
White-fronted terns are seen flying in the vicinity of Shakespear and are likely foraging in the
lagoons offshore. None are known to breed within the sanctuary.
Caspian Tern
Caspian terns likely make use of the bays offshore Shakespear for foraging, but are not
known to breed within the park.
Black-backed Gull
A common visitor to beach areas, no gulls are known to breed within the sanctuary.
Pied Shag
Pied shags can be seen roosting within Shakespear sanctuary (fig 3). The extent of their
breeding within the park is not fully known.
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Figure 3. Pied shags in the spread wing stance at Shakespear Open Sanctuary near Pink
Beach. Photo: Craig Simpkins
Shakespear Shorebirds
While focusing more specifically on species classified as seabirds, it is important to note that
Shakespear also provides important habitat for New Zealand shorebirds. Some of these
shorebird species are also of conservation concern, including the New Zealand dotterel. The
management of these shorebird species will also be considered, and will likely benefit from
seabird restoration at Shakespear indirectly from habitat restoration, awareness, and
advocacy.
3.4 Potential Seabirds at Shakespear- Species in the area
Due to the vicinity of Shakespear Open Sanctuary to important seabird areas within the
Hauraki Gulf, there are a number of species that could benefit from active conservation
efforts within the park. In addition to grey-faced petrels and diving petrels likely already
making limited use of the park, other Procellariiformes that could benefit from attraction to
suitable nesting habit and which would be well situated biologically in the area include (with
information from: Gaskin and Rayner 2013):

•

Buller’s Shearwater: A species with very limited breeding habitat, Buller’s
shearwaters currently are only known to breed on the Poor Knights Islands. Although,
population estimates are rough and outdated, it is thought that it is decreasing and has
a conservation listing of vulnerable, making this species a high conservation concern.
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•

Cook’s Petrel: A vulnerable listed species, there is likely only one breeding colony
within the Hauraki Gulf on Hauturu/Little Barrier Island. The population in the
Hauraki Gulf is also thought to be genetically distinct from the populations breeding
off of the South Island of New Zealand (Rayner et al. 2010), making this population
of particular conservation concern.

•

Flesh-footed Shearwater: Although a species listed of least concern, the current
population trends of this species is questionable, with population estimates seemingly
decreasing (Taylor 2000, G. Taylor personal communication). The species currently
breeds on the Hen and Chicken Islands, Mercury Islands, and other small islands in
the Hauraki Gulf and off the Coromandel Peninsula. Due to fragmented and small
populations, this species will not be directly targeted to avoid pulling individuals
away from successful colonies.

•

Fluttering Shearwater: A common species in the waters of the Hauraki Gulf, little
remains known about the breeding biology of the fluttering shearwater. This species
has been given a risk ranking of least concern, but a thorough population estimate is
required . Currently breeding on many of the island groups in the Hauraki Gulf.

Potential Charadriiformes that would benefit from conservation effort at Shakespear include
(with information from: Gaskin and Rayner 2013):
•

White-fronted Tern: Although a current visitor to Shakespear Open Sanctuary, this
species does not currently nest in the area. With a vulnerable status and population
stability uncertain this species remains important for conservation and research.

Possible Pelecaniformes and Suliformes conservation targets (with information from: Gaskin
and Rayner 2013):
•

Spotted Shag: Although a species of least concern, the regional population of spotted
shags has decreased due to longstanding repercussion of hunting in the early 1900’s
(Cox et al. 1946). A few breeding colonies exist in the Hauarki Gulf region currently.

•

Australasian Gannet: Gannets are fairly prevalent in the Hauraki Gulf they remain a
very visual ambassador of seabirds to people who do not encounter other species
often. While not an active conservation concern for Shakespear, their presence can be
noted in outreach.

3.5 Risks
Shakespear is home to many other restoration projects for native flora and fauna. One risk of
creating seabird habitat at the reserve is that it could be at the detriment of some of these
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other projects. Any work that is done should ensure that it is not interfering with any
existing projects.
Another risk of seabird restoration work at Shakespear is the concern that seabirds will be
attracted away from existing restoration plans around the Hauraki Gulf region. This risk will
be decreased by using Shakespear-specific playlists in vocal attraction (see also section 7).

4 Seabird Restoration Plan
Reforming Shakespear Open Sanctuary as a healthy habitat for seabirds and an area of
seabird education and outreach for the Auckland region (see Section 8) will require active
monitoring and attraction methods (fig. 4). It is recommended to begin seabird restoration
from the least intrusive perspective possible and only use highly modifying methods when
absolutely necessary (e.g. chick translocations).

1. Seabird surveys

and current nest
site monitoringongoing

3. Artificial nest
sites for Priority 1
species

5. Emphasis on
Priority 2 speciesartificial nest sites

2. Sensory stimuli
for Priority 1
species- auditory
playbacks

4. Seasonal
Rotation of Priority
2/3 speciesplayback systems

6. Emphasis on
rare Priority 3
speciestranslocations

Figure 4. Outline of stages for seabird restoration to Shakespear Open Sanctuary.
4.1 Target Species
There are three stages of species priorities for restoring seabirds to Shakespear (Table 3).
Priority 1 species are placed in this group because they are naturally attempting to colonize
the park without any management efforts. These species will likely be highly responsive to
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increased conservation treatments. Priority 2 species are common in the marine areas around
Shakespear and will have a very high chance of encountering projected sensory stimuli.
Priority 3 species include birds that are rarer in the Hauraki Gulf and often indicate species of
special conservation concern, or small species which are of particular risk to invasive
predators. While these species will likely require more time and effort to attract to the site,
the conservation output is high.

Table 3. Targeted seabird species listed by Priority ranking for Shakespear restoration plans
Column1

Charadriiformes Pelecaniformes

Procellariiformes

Sphenisciformes

grey-faced petrel
fluttering shearwater
Cook's petrel

little penguin

white-fronted
Priority 2 tern

Priority 3

diving petrel
Buller's shearwater

Priority 1

spotted shag

4.2 What is here?
The canine surveys conducted in the autumn of 2014 gave a brief introduction to the burrow
nesting seabirds currently inhabiting Shakespear. Further efforts are required throughout the
headlands to determine and number all active burrows of grey-faced petrels. Comprehensive
surveys should also be conducted for little penguins to estimate current populations making
use of the sanctuaries and locations. These surveys should be done by: 1. Ongoing ground
searches by volunteers 2. Continued canine surveys 3. Yearly monitoring of burrows and
subsequent chicks by research students, volunteers with seabird experience, or council staff.
In order to monitor the increase of seabirds around the Shakespear peninsula, periodic
playbacks and banding sessions should be done at various headlands. These sessions should
be carried out during different times of the year (Table 4) targeting seasonally active seabird
species and particularly done at night for Procellariiformes, which are not easily monitored
visually. While seabirds will come in to playback throughout their breeding season, the most
active time is during the prospecting periods (Table 4). Monitoring of burrows and nest sites
should also be carried out later in a target species’ breeding cycle to see if chicks are viable
and if and when fledging occurs.
Collaborations with other interests groups and parks will be led by the biodiversity research
team from Auckland Council.
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Table 4. Times of year to monitor target species at Shakespear Open Sanctuary.

4.3 Active Attraction
The use of attraction measures has been successful in many seabird species and particularly
in several of the targeted species outlined here (Table 5). In addition to the published
examples listed in Table 4, Tawharanui has been following similar methods for attracting
grey-faced petrels as outlined in Sawyer and Fogle (2010). With three pairs in artificial
burrows (to date) and activity captured near playback speakers by automated cameras, this
seems to be a successful treatment for the species.
Table 5. Examples of seabird attraction methods in New Zealand as published in peerreviewed journals, and their relative success.
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Playback Treatments
Playback systems will be established to project vocalizations of target species in habitat that
is suspected to be most suitable and where vocalizations will be broadly heard. Because
seabirds often breed in colonies, vocalizations act as sensory stimuli indicating an active
colony, and therefore a place more attractive for new birds to nest. These playback systems
are particularly useful in Procellariiformes, but have also been used with success in diurnal
Charadriiformes (Table 5). Although many seabirds exhibit high philopatry to natal sites, for
many species sufficient numbers of individuals prospect at other sites to allow for the success
of playback in commencing new nesting sites. Prospecting juveniles, likely making up a
large portion of individuals attracted to playback, may come to land during varying times of
the breeding cycle (depending on species and not well known; G. Taylor personal
communication), therefore it is advised that playback take place throughout a species
breeding season . Location and use of playback to attract species will take into account the
behaviour of each species towards other seabirds in the area. For example, species that
exhibit aggressive behaviour will be attracted to locations that are removed from other
attraction efforts.
Three locations have been identified as areas of high importance for broadcast vocalization
stations and have been archaeologically investigated for seabird restoration use (Fig 5):
•
•
•

East facing slope inland from Huaroa Point (but not including Huaroa Point) (a)
Whangaparaoa Head (b)
Pink Beach (c)

Playback systems will be installed using a similar set-up to those located at Tawharanui Open
Sanctuary, deriving power from solar stations (Fig 6). Automated cameras should be installed
facing speakers to monitor activity.
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Figure 6. Map of proposed locations for broadcast systems, based on data from Auckland
Council GIS Map Viewer. a: headland above Huaroa Point (not including headland itself) b:
Whangaparaoa Head c: Pink Beach

Figure 5. Example of playback set-up installed at Tawharanui Open Sanctuary (Ngaio Bay).

20

Timeline of Playback Playlists
The multiple locations of playback stations will be situated so that playlists can be replicated
in different areas of the park and specific species can be targeted at the most suitable habitat.
A seasonal playlist that allows for easy tracking of what vocalizations should be projected
during each time of the year is depicted in Figure 2. Areas of overlap can be established at
different sites, or based on the species priority rankings. If more than one species is being
targeted at a specific time a mixed species playlist should be broadcasted. This is
biologically suitable, as there are often multiple species nesting on an island and project a
cacophony of noise.
4.4 Artificial Burrows for Procellariiformes
While the projection of vocalizations is likely to initiate interest to the site alone,
commencement of nesting Procellariiformes is often enhanced by the installation of artificial
burrows. In the second stage (Fig 4) of the program, after vocalization playback has
stimulated interest of procellariform species, selected sites can be chosen for the installation
of artificial burrows. These should be set up adjacent to speaker systems as interest in the
noise is often so strong that birds will be attracted directly to the speaker (personal
observation, James Ross personal communication). Initial species likely to benefit from
artificial burrows include: grey-faced petrel and fluttering shearwaters (Fig 7). Priority 3
Procellariiformes nesting burrows may be added in the future based on playback surveys and
interest. Installation of all artificial burrows will consider the archaeological relevance of the
site, and be situated to not converge on areas of archaeological importance (Appendix 2).

A.

B.

Figure 7. A. Fluttering shearwater artificial burrow installed on Burgess Island. B. The
installation process of a grey-faced petrel artificial burrow being installed at Tawharanui
Open Sanctuary. Photo B courtesy of Tim Lovegrove.
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4.5 Artificial Burrows for Sphenisciformes
After thoroughly surveying for little penguins, artificial burrows can be installed in
appropriate locations to encourage the added use of the site. In addition to increasing nesting
habitat for the species, this could provide additional opportunities for outreach if burrows are
chosen to have a viewing window for visitors to peer in.
4.6 Attraction for Charadriiformes
As a Priority 2 species of interest, habitat suitability and attraction measures for white-fronted
terns must be considered. The white-fronted tern is a surface-nesting species that tends to
require rocks or flat topped cliffs to nest on. As there are no appropriate stacks within the
Shakespear Open Sanctuary, a suitable site for developing colony growth will need to first be
determined. This site should be relatively flat or ramped. While there are no reports of
attraction attempts for this species, similar species have successfully been attracted to sites by
using a clustered arrangement of decoys, white-wash to resemble guano, and vocalizations
(Roby et al. 2002). Another consideration when choosing an appropriate site could be its
visibility and the infringement of noise pollution on park guests and campers. Experiments
should be done to test the use of speakers in areas suitable to terns, and the possibility of
beginning attraction with decoys only explored. As a diurnal species, a colony of whitefronted terns at Shakespear would not only have high conservation implications, but also an
important role in education as well.
4.7 Management and Maintenance
Initiating the use of Shakespear for breeding seabirds should be done with regular up-keep
and management (carried out by volunteers, students, and council members). In addition to
seasonal monitoring and ground-surveys, it is also encouraged that sites targeted for seabird
restoration be planted with appropriate vegetation if not already present. Native plants that
are particularly attractive to breeding seabirds include flax, astelia spp, and muehlenbeckia
spp for smaller species, and trees for larger species (e.g. Pittosporum crassifolium,
Myoporum laetum, Metrosideros excels, etc.) . Temperature inside artificial burrows would
ideally be monitored to ensure a particular site is not too hot. If a site is predominantly
exposed to sun, additional plantings may be necessary to create a more shaded habitat.
While seabirds in a reserve like Shakespear serve as important advocacy beacons (see Section
8), it might also be necessary to monitor seabird sites more closely, especially ensuring that
artificial burrows are not being accessed by park visitors. Burrows should be covered with
sand or soil so that they are not overly exposed to sun exposure.

5 Considerations
Due to the location of Shakespear Open Sanctuary to other restoration habitats, historical
relevance of the site, and the proximity to the urban areas of Auckland some considerations
should be taken into account during the seabird restoration program:
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1. Caution regarding sensory-traps (like light pollution) and consideration of these when
determining areas of the park for attraction methods (particularly for nocturnally
active species).
2. Be conscientious of the effect of broadcasting vocalizations on adjacent
neighbourhoods or boaters. Due to the effectiveness of playing calls throughout the
night, locations chosen should be out of ear range when possible and neighbours
notified of potential sounds.
3. Archaeological significance of all sites being proposed should be examined and
culturally relevant areas identified will not be used as speaker or burrow locations.

5.1 Advantages of a Multi-site Approach to Gulf Restoration
Fortunately, there are currently a number of other seabird restoration programs around the
Hauraki Gulf region: 1. Tiritiri Matangi Island2. Motuora Island 3.Motuihe Island
4.Tawharanui Open Sanctuary 5. Rotoroa Island. The concept of focusing species
conservation at multiple locations is founded in the dynamics of metapopulations.
Populations of seabirds within the Hauraki Gulf often forage together, and interact in the
same areas offshore; making up a metapopulation of seabird species in this region. Because
the long-term survival of metapopulations is based on the success of local populations,
having small and viable colonies of seabirds is critical to the longevity and conservation of
species (Hanski 1998). The importance of having many smaller populations as stepping
stones of connectivity is particularly demonstrated in seabirds as a result of their coloniality,
longevity, and can be seen in several major factors to seabird conservation:
1. Multiple restoration sites reduce the threats faced by colony stochasticity (e.g.
disease, ectoparasites, re-invasion by mammalian predators, and environmental
factors).
2. A multi-site approach has immense benefits to genetic diversity and structure
(Hanski 1998).
3. Connecting multiple smaller populations creates greater area of suitable habitat in
the long-term (Lesica and Allendorf 1995; especially seen in seabirds which are
attracted to social stimuli, Podolsky and Kress 1992).
4. Creating suitable over-flow habitat for colonies that reach carrying capacity
(Grueber et al. 2012).
To avoid attracting seabirds that are being restored to nearby parks and reserves it is advised
that Shakespear use a different set of calls to those used at other locations to avoid confusing
birds into visiting that are attempting to settle elsewhere.
5.2 Collaborations with Other Restoration Projects
While some concern might be expressed at competition between projects, the importance of
having multiple sites for conservation is critical for the longevity of species’ recovery.
Discussions should be on-going with the members of other societies that have seabird
restoration plans in place, and success of projects should include the viability of the region
not just Shakespear. Included representatives should include groups with current restoration
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projects: Tiritiri Matangi Island, Motuora Island, Tawharanui Open Sanctuary, Rotoroa
Island, Motuihe Island; source populations: The Noises, Goat Island, Cape Rodney; and
islands with future interests in seabird conservation: Rangitoto/Motutapu. Discussions
regarding the attempts to synch playback activity at certain times of year for optimum
efficacy should be attempted. Creating a regionally schedule for playlists may improve
restoration of seabirds to the Hauraki Gulf region. While synching calls might be ideal, if not
viable Shakespear Open Sanctuary should continue with the seabird restoration plan outlined
here, as single park playback attempts have already been shown to be successful (e.g.
Tawharanui Open Sanctuary).
Shakespear Open Sanctuary is already home to other conservation and restoration projects
important to the flora and fauna of New Zealand. These current and on-going projects should
be considered when making all new plans for seabird restoration. It is important that the
plans laid out here do not interfere with other ecologically critical habitat or biota that is
housed at Shakespear.

6 Proposed Conservation Targets
6.1 Restoration Timeline
It is recommended that the restoration plan follow the steps outlined in Figure 4 (also see
Gummer et al. 2014 for field guidelines). While some aspects of the plan may need to be
altered ad hoc, it is advised that the process follow the proceeding timeline:
Stage 1 – (2015- 2016)
•

•

•
•
•
•

•

Meet with representatives from: Tiritiri Matangi Island, Motuora Island, Tawharanui
Open Sanctuary, Ragitoto/Motutapu, Rotoroa Island, Motuihe Island, Goat Island,
Cape Rodney, The Noises, DOC, and Auckland Council. This meeting should serve
as a discussion regarding restoration of seabirds to the Hauraki Gulf and to discuss
collaborations between playback agendas for optimum macro attraction to the region.
Meet with representatives from New Zealand Defence Force regarding plans for
seabird restoration within the boundaries of the park and the extent to which they will
be involved in attracting seabirds to the headland.
Complete ground surveys of all coastal areas to search for burrow sites and areas of
potential activity.
Grub identified burrows for indication of chicks and monitor fledging success (Fig 8),
by experienced volunteers or researchers.
Survey the activity of diurnal seabirds and more thoroughly look for any breeding
activity (e.g. terns, shags, and gulls).
Monitor seabirds within the vicinity of the park by periodic night playback surveys.
This can be done using the same calendar guidelines setup for the broadcast speakers
(Fig 2).
Install 3 speaker systems at the outlined sites and commence vocal attraction
particularly of Priority 1 and Priority 2 species.
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•
•

•

Install automated camera stations at each speaker for remote monitoring of activity.
Commence banding of seabirds that land during specified banding sessions
(particularly targeting grey-faced petrels, diving petrels, and fluttering shearwaters
and with a qualified bird-bander).
Install education stations with information about seabirds for park visitors.

Figure 8. A grey-faced petrel chick at several weeks old; Tawharanui Open Sanctuary.
Stage 2- (2017-2019)
•
•
•

•
•
•
•

Continue acoustic attractions via 3 broadcasting stations and monitoring of automated
camera stations.
Continue ground searches for petrels and penguins, including additional burrow
surveys by dogs.
Install grey-faced petrel artificial burrows at appropriate sites (fig 9). Burrows
clustered in groups near activity related to broadcasted attraction systems and natural
burrows and in accordance with Auckland Council. Target of ~20 grey-faced petrel
nest boxes installed during this time.
Install little penguin nest boxes in areas of optimal use by penguins based on surveys
and for public education. Target ~ 10 penguin burrows installed during this time.
Install artificial nest boxes for fluttering shearwaters at appropriate sites based on
playback surveys. Target ~20 shearwater boxes installed during this time.
Begin plans for white-fronted tern colony attraction. Outline plan for location and
commence allocating resources for visual and acoustic attractions.
Continue banding sessions and surveys for diurnal and nocturnal species. Carry out at
regular intervals throughout the year to accommodate phenology of different species.
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Figure 9. A pair of grey-faced petrels found in an artificial burrow within a few
months of installation at Tawharanui Open sanctuary.
Stage 3- (2019+)
•
•
•
•
•
•

Assess 5 year progress and determine priorities for the future accordingly.
Review the success of maintaining predator-free status throughout the park (of
particular importance before attracting Priority 3 species)
Complete installation of white-fronted tern colony attraction
Attraction of Priority 3 species now takes precedence (subject to the outcome of 5
year progress).
Continue monitoring, banding, and ground searches.
Determine if broadcast speakers are still necessary, program changed, location
altered, or maintained, based on continued interest and outcome of goals.

6.2 Measuring Success
As a result of the relatively long-lived, and mature breeding age of many seabird species, a
successful seabird restoration plan may be many years in the making. The high philopatry to
natal sites exhibited by many species, like Procellariiformes, causes population augmentation
in a new colony to be delayed. It is possible that results may not truly be seen until ~7 years
after a project begins (or the age of first breeding for the target species). It will also be
important to establish a baseline of seabird activity within the first year of the restoration
project for which to better assess progress. Measures for success include:
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1. Number of natural burrows increase in areas close to acoustic attraction, relative to
number of burrows at the initiation of the project.
2. Increase in number of fledglings will indicate that the site is not only attractive, but
also viable for breeding success of targeted species.
3. Visitation to artificial burrows or around decoys (when present) as monitored by
automated cameras or researchers.
4. Chicks reared in artificial burrows compared with chicks reared in natural burrows
(not “taking” breeding pairs from natural burrows to artificial ones).
5. Increase in visitations during playback monitoring over years.
6. Greater diversity of species that are attracted to sites based on playback regimen.
7. Increase in public interest of seabirds as noted through volunteer group enthusiasm
and recruitment.

7 Connectivity: Creating a Corridor of Seabird Habitat
The habitation of seabirds at Shakespear Open Sanctuary could hold significant implications
for the connectivity of colonies in the Auckland region. Shortening distances between
colonies and creating corridors of active breeding sites might increase reproductive output for
vulnerable species. Shakespear appears to be an important and large land mass that will
further connect seabirds breeding on the west coast of Auckland with other areas of
importance for seabirds in the Hauraki Gulf (e.g. Tiritiri Matangi Island, Mokohinau Islands,
Hauturu/Little Barrier Island, Motuora Island, Fig 10).

Auckland Council GIS and Gaskin and Rayner 2013.

Figure 10. Map indicating Shakespear (star) and other locations of importance for seabirds in the Auckland Region. Map modified from
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8 Advocacy
As a result of their unique behaviours, seabirds are often less visible to humans than other
wildlife. This is especially true as many of the species are only active on land after dark and
many nest in burrows underground. Their lack of visibility is probably one of the reasons that
many people have less affinity or understanding of them than other animals. This is
especially grave given the important role that seabirds play in the diversity of New Zealand
fauna. A part of conservation that is sometimes neglected is the importance of sharing
species with the local community. For seabirds, there are few places in the world that could
be more easily accessible and also suitable for seabirds than Shakespear Open Sanctuary.
With half of a million visitors per year and only 49km from the centre of Auckland, the
recovery of seabirds at Shakespear will have an enormous impact in educating New
Zealanders and foreign tourists alike on the critical nature of seabird conservation and the
importance of these birds within the marine and terrestrial ecosystem. Due to the high volume
of visitation, creating education stations for guest to learn about the seabirds that they see and
those that they will not see, is of utmost importance. At some stage, these stations may
involve a scope being setup to allow visitors to get a rare view of species that are foraging or
using more remote parts of the park. Ambassador species might be considered as seabird
species that are more easily visible to the public and that might provide educational benefit
for the conservation status of seabirds (such species could include diurnal birds like whitefronted terns, or species that could nest in viewing boxes like little penguins).
Involvement of third party groups can be incorporated into the construction and maintenance
of the restoration program. Some possibilities include: having local colleges or the Men’s
Shed build artificial nest boxes and the opportunity to help install them if interested,
encouraging monitoring by educational groups like Duke of Edinburgh, increasing the use of
the park by postgraduate students interested in seabirds or their impact on flora or other
ecosystems, etc. (Fig 11).
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Figure 11. Students from a Duke of Edinburgh group installing artificial shearwater burrows
at Tawharanui Open Sanctuary (2013).
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Appendix

SHAKESPEAR REGIONAL PARK SEABIRD SURVEY
1st-2nd May 2014
Nine active burrows were detected by the dogs with more burrows found but not sure if all active,
plus a couple of mystery indications in pampas and 1 blue penguin burrow. All burrows associated
with pohutakawa trees, Astelia banksii and friable soil (apart from pampas burrows).
Birds were seen in some burrows and 1 bird called from the burrow – which was recorded.
This is only a partial survey – you will see from my tracks where we have been and not been. I think
it would be worthwhile to search the rest of the coast. I suspect there maybe more birds on the
stack located off the Defence Force land but due to the fragility of the site, I thought that at least
knowing there are at least 5 burrows there would suffice for now.
Figure 1.
Basic map showing track and locations of burrows (GPX files also sent separate to this report)

Joanna Sim, DabchickNZ, 178 CD Farm Road, RD 1, Levin 5571
Ph: 021 073 2023 Email: dabchicknz@gmail.com

Table 1. Descriptions of waypoints
WAYPOINT
SEABIRD01

DESCRIPTION
Site 3: Seabird smell, black & white
feather found nearby. No bird
detected.

SEABIRD02

Site 3: Active burrow. Not such a
strong smell but grey feathers
found here with very strong dog
indication. Large entrance that
went into long tunnel. No bird
detected.
Site 3. In pampas. Unsure of what
here. Dog returned here after
initial indication. Shallow burrow
found at base. No bird.
Site 3. Empty but looked like old
burrow.
Site 1 - on stack. Active burrow.
Very strong petrel smell. Another
tunnel above it.
Site 1 – on stack. Active burrow.
Adult bird home (photographed).

SEABIRD03

SEABIRD04
SEABIRD05

SEABIRD06

SEABIRD07

Site 1 – on stack. Three burrows
detected here close to Seabird06
(slightly below). Two definitely
active.

SEABIRD08

Site 1 – on stack. Active burrow.
Two birds seen inside this burrow
which had tree roots in entrance.
Site 3-4. Two burrows found here.
One definitely active with strong
petrel smell.
Site 4. Strong dog indication here
on burrow hidden under astelia.

SEABIRD09

SEABIRD10

DOG INDICATION
PENGUIN

Site 4. Another mystery pampas
indication by dog.
Site 4. Penguin in burrow.

NOTES
Associated with pohutakawa and
astelia. Feather may or may not relate
to burrow. Also smaller possible burrow
adjacent and slightly above. Marked
with small pink tape.
About 10m directly across from
Seabird01. Grey feathers outside
indicate grey-faced petrel.

Unsure what here, scruffy tiny white
feather found here. Strong dog
indication. No smell or sign detected by
humans.
Marked as looked so burrow like but
unused. Top of cliff under pohutakawa.
Marked with small yellow tape. Fresh
green guano outside.
Recorded it calling from burrow.
Marked with yellow tape at entrance.
Fresh guano and feathers in vicinity.
Burrow a) had old egg outside and grey
feathers – looked like had recently been
cleaned out b) below this, not sure if
active as dog distracted by the next
burrow c) very strong petrel smell
Another possibly active burrow nearby
under astelia.
Marked with pink & black tape. Very
steep and crumbly site.
Not sure what seabird. Quite big
burrow. Very dry. Same vicinity as
Seabird09.
Unsure what was in here.
Very clean for a penguin burrow!

Joanna Sim, DabchickNZ, 178 CD Farm Road, RD 1, Levin 5571
Ph: 021 073 2023 Email: dabchicknz@gmail.com

Proposed Seabird Restoration Areas
Three seabird restoration areas are proposed along the eastern coast. Each of these
areas was inspected with subsurface testing undertaken where appropriate.
The proposed seabird restoration area on the cliffs above Pink Beach was inspected.
No archaeological or other historic heritage remains have previously been identified
here and nor were any identified as a result of the current assessment.
The proposed seabird restoration area on Whangaparaoa Head was also inspected
(Figure 11). One archaeological site comprising a shell midden scatter has previously
been recorded eroding down the cliff face on the north facing site of this headland
(R10/1063; CHI 14171). The site was recorded in 2002 and has not been revisited
since. An inspection of the area including of all exposed cliff edges and subsurface
testing did not identify any archaeological remains and it is likely that the previously
recorded shell midden may have eroded away (Figure 12). The headland comprises a
razor back ridge with steeply sloping scarps. No archaeological or other historic
heritage remains were identified within the proposed seabird restoration area at
Whangaparaoa Head.

Figure 12 Typical exposed soils along cliff edge of Whangaparaoa Head

The proposed seabird restoration area at Huaroa Point was inspected. The headland is
the location of a recorded pa site (R10/4; CHI 6777) of which features including
terracing, a possible ditch and midden remain intact and WWII military structures
(CHI 14227). As such, the headland is considered to be unsuitable for the
establishment of a seabird restoration area due to the immediate short term impacts on
the ground surface as well as the potential long term damage that such a project
involving burrowing seabirds will likely cause to the existing archaeological and
historic heritage features/structures.
As a result of this, a new seabird restoration area is proposed to be developed inland
of Huaroa Point on the east facing slopes above the cliffs (Figure 13). No
archaeological or other historic heritage sites have previously been identified within
this area and none were identified as a result of the current assessment.
Figure 11 Looking east over Whangaparaoa Head
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Recommendations:
-

That there should be no constraints on the proposed fencing works or seabird
restoration works within Home paddock, the cattle yards, Behind the Strip
paddock, within the car parking area on the eastern side of Bruce Harvey
Drive, Pink Beach, Whangaparaoa Head or the new the site inland of Huaroa
Point (as shown on Figure 15) as no known archaeological remains will be
affected by the proposed works and it is considered unlikely that any intact
archaeological remains will be encountered as a result of the proposed works.

-

That proposed fence renewal works within Fig Tree paddock ensure that the
identified extent of recorded midden site R10/175 is temporarily marked out
and prior to works being undertaken and excluded from any subsurface works
(including fence post driving) and that any posts that require removal within
this area are cut down flush with the ground surface to avoid any damage to
the site.

-

That the recorded extent of possible pit site R10/764 (CHI 10800) is
temporarily marked out prior to fencing being undertaken within Kowhai Glen
paddock to ensure that the works do not impact upon the site.

-

That no works are undertaken on Huaroa Point within the location of pa site
R10/4 (CHI 6777) and WWII military structures (CHI 14227).

-

The current assessment focussed within the proposed areas of works and their
immediate surrounds. Any alterations to the proposed areas of works may
require further assessment.

-

That in the event that any suspected archaeological evidence (shell midden,
charcoal, bone, 19th century glass and crockery, ditches, banks, pits, old
building foundations, artefacts of Maori and early European origin or human
burials etc) is encountered as a result of the proposed works, all work must
cease in the immediate vicinity and the project archaeologist be contacted.
Work shall not resume in the area of the discovery until the site has been
inspected and advice has been provided from the project archaeologist and/or
the Auckland Council Cultural Heritage Implementation Team.

-

This is an assessment of [effects on] archaeological values and does not
include an assessment of Maori cultural values. Such assessments should only
be made by the tangata whenua. Maori cultural concerns may encompass a
wider range of values than those associated with archaeological sites.

Area unsuitable for
proposed seabird restoration
area

New proposed seabird
restoration area

Figure 13 Aerial showing area identified as unsuitable for proposed seabird restoration and the
new proposed seabird restoration area. Aerial source: Auckland Council GIS 2014
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Note:
All archaeological sites are protected under the provisions of the Heritage New
Zealand Pouhere Taonga Act 2014 (HNZPTA) (formerly the Historic Places Act
1993). It is an offence under this Act to destroy, damage or modify any archaeological
site, whether or not the site is entered on the Heritage NZ (HNZ) Register of Historic
Places, Historic Areas, Wahi Tapu and Wahi Tapu Areas. Under section 44 of the
Act, applications must be made to the HNZ for an authority to destroy, damage or
modify an archaeological site(s) where avoidance of effect is not practicable. It is the
responsibility of the applicant (consent holder) to consult with the HNZ about the
requirements of the HNZPTA and to obtain the necessary Authorities under the Act
should these become necessary, as a result of any activity associated with the
proposed development. For information please contact the HNZ Northern Regional
Archaeologist – Beverley Parslow (09) 307 9923.
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Helen Gummer (April 2007)

Burrow design for fluttering shearwaters (grass slopes above cliffs)
(developed on Mana Island 2006)

Species

Chamber/box (mm)
Length
Width
(internal)
(internal)
500 (2450)
400 (2450)
450
250

Tunnel/pipe
Diameter
Length
(internal)
4
200
600
100
300 (max)

Height
(internal)
300 (min)
200 (min)

Grey-faced petrels
Fluttering shearwaters/ 1blackwinged petrels
1
White-faced storm-petrels
200
200
200 (min)
100
300
1
3
Diving petrels
200
200
150 (min)
80
300
Notes:
1
Artificial boxes not yet tried on these species – estimated measurements for square chambers given only
(but trials required to check rectangular measurements for this design of burrow).
2
Measurements required for square boxes; rectangular type set into slope yet to be tried.
3
Nova pipe comes in 60 mm diameter then 100 mm: 60 mm is too tight for divers, so tunnels could be
made by cutting (lengthwise) 100 mm pipe to form a floorless tunnel.
4
Not sure of length of pipe used on Matakohe; pipe can be curved underground to help lightproof, but not
tight bends.

Side view

50mm wide and 10mm
thick timber strip fixed
to chamber roof to
cover seam
OR watertight butyl
rubber hinge
Extra turf to buffer seam and
improve insulation

Thick turf to grow over and cover seam

Hinged inspection lid
(240 x 320 x 50mm)

110mm
novapipe

Fixed timber chamber
roof (245 x 320 x 50mm)

450 x 150 x 25mm
treated timber

Nest
area

Grassy slope

Front wall

Seam – water can
enter chamber if
not covered with
turf

Minimum 100mm depth of fine shingle (or sand) – up to a
10 litre bucket volume per burrow – for drainage
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Helen Gummer (April 2007)

Burrow design for fluttering shearwaters (grass slopes above cliffs)
(developed on Mana Island 2006)

Top view (no
chamber roof)

Nest
area

300mm of 150 x 25 mm

DOWNHILL

2

450mm of 150 x 25mm treated timber

450mm of 150 x 25mm treated timber

Approx. 10 mm
overhang of lid
over 3 walls

Soil back wall (seam)

Trench dug
providing shelter
from wind and
lightproofing
tunnel

110mm diameter (ext)
Novapipe (drainage)

Fasten top
6 x Galv nails

10

A
420

400

Fasten front
8 x Galv nails

Plan

Part No. Reqd.

535
3
135

1

25

4

168 +/- 3mm
5
300

2
6

500

Sectional Elevation AA

RS

Isometric View

Cape Kidnappers Reserve
Petrel Nesting Box

Description

1

2

Lid, 267 x 50 x 420, rip from 300 wide.

2

1

Front, 300 x 25 x 400

3

2

Clamps, 50 x 10 x 420

4

1

Hinge, Insertion rubber, 120 x 420 x 1.5

5

2

Sides, 300 x 25 x 500

6

1

Alloy strip, 150 x 25 x 2mm

Notes:
1.

Timber, Rough sawn H4

2.

Nails, 75 x 3.15 Flat head galv

3.

Clamp screws, 25 x 8g csk SS sq. drive. Countersink
holes in hinge clamps before attaching.

4.

Assemble half of batch with RH hole, balance LH

5.

Fasten alloy strip stengthener (item 6) with 4 x 25 x 8g
csk SS sq drive screws to underside of holes.

Amendments:

Designed:
Drawn:
Checked:

Mar '11 Drawing:
Mar '11 A3 Mar '11 Rev:
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