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Abstract
Nest site selection in birds is expected to represent a trade-off between a suitable microclimate for thermoregulation and 
visual protection against predators or social disturbance. In this study, I examine the influence of different characteristics of 
the nesting habitat on breeding success, predation, and the nesting behaviours of Little Penguins (Eudyptula minor) in South 
Australia to help understand potential fitness benefits, costs or trade-offs associated with nesting habitat selection. I found 
that neither predation nor vigilance were influenced by the characteristics of the nest. However, nest type was an important 
factor for both breeding success and thermoregulation: birds nesting in rock nests had the highest hatching and breeding suc-
cess, while individuals nesting in artificial nests engaged more in maintenance behaviours, suggesting that thermoregulation 
demands may be the most important factors for nest site selection in Little Penguins.
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Zusammenfassung
Vorteile, Kosten und Entscheidungskonflikte der Nisthabitatwahl bei Zwergpinguinen
Die Nistplatzwahl von Vögeln wird als Trade-off zwischen geeignetem Mikroklima für die Thermoregulation und dem 
visuellen Schutz gegen Prädatoren oder sozialen Störungen angesehen. In dieser Studie untersuchte ich den Einfluss 
verschiedener Eigenschaften des Nisthabitats auf den Bruterfolg, Prädation und das Nestverhalten von Zwergpinguinen 
(Eudyptula minor) in Südaustralien, um zum Verständnis zu potentiellen Fitnessvorteilen, Kosten und Trade-offs im 
Zusammenhang mit der Nisthabitatwahl beizutragen. Weder Prädation noch die Wachsamkeit waren beeinflusst durch die 
Eigenschaften der Nester. Dennoch war der Nesttyp ein entscheidender Faktor sowohl für den Bruterfolg als auch für die 
Thermoregulation: Vögel, die in Felsnestern brüteten, hatten den höchsten Schlupf- und Bruterfolg, während Individuen, 
die in künstlichen Nestern nisteten, mehr mit der eigenen Erhaltung beschäftigt waren. Dies deutet darauf hin, dass 
thermoregulatorische Anforderungen den wichtigsten Faktor für die Nistplatzwahl von Zwergpinguinen darstellen können.

Introduction

Natural selection should favour the selection of habitats that 
maximize individual fitness. Habitats of high quality pro-
vide better protection from the environment (i.e. rainfall and 
extreme temperatures), predators or conspecifics than habi-
tats of low quality (e.g. Stokes and Boersma 1998; Buxton 
et al. 2017; Morosinotto et al. 2017). In birds, breeding is 
one of the most demanding phases in terms of energy and 
time within an individual’s life (Drent and Daan 1980), and 
costs incurred during this phase have been shown to reduce 
survival and future reproductive success (Gustafsson and 
Sutherland 1988; Roff 1992; Schaub and Von Hirschheydt 
2009; Dale 2016). Many birds are thus suspected to select 
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nest sites that minimize energy expenditures during breed-
ing, such as to reduce the energy involved in thermoregula-
tion or vigilance, to leave more time for body maintenance 
or reproduction itself. Therefore, investigating the fitness 
benefits, costs and trade-offs associated with nesting habitat 
may help us to understand how habitat selection can shape 
population dynamics (Buskirk and Millspaugh 2006; Reb-
stock et al. 2016).

Climate change is predicted to drive species distribution 
and abundance through a reduction in habitats, breeding suc-
cess or survival (Walther et al. 2002; Perry et al. 2005; De 
Frenne et al. 2013). Increased temperatures result in greater 
thermoregulatory demands on individuals, with potential 
impacts on their fitness or future reproduction (Heaney 
and Monaghan 1996; Reid et al. 2000; Miller and Stillman 
2012; Oswald and Arnold 2012). In response to rising tem-
peratures, the most effective way for birds to lose excess 
heat is via evaporation through panting and gular fluttering 
(rapid movement of the hyoid to increase air flow over the 
oesophagus, pharynx and mouth) (Lasiewski and Snyder 
1969; Wolf and Walsberg 1996; Oswald and Arnold 2012). 
Alternatively, birds can dissipate excess heat via preening, 
postural adjustments or reduction of sitting bouts, or by rais-
ing their scapular feathers to increase convective heat loss 
(Bartholomew 1966; Luskick et al. 1978; Hochscheid et al. 
2002; Coe et al. 2015; Clauser and McRae 2017). Differ-
ences in the characteristics of the nesting habitat, such as 
nest type and microhabitat, can also help mitigate the effects 
of climate change (Saliva and Burger 1989; Ropert-Coudert 
et al. 2004; Hart et al. 2016; Kelsey et al. 2016). Studies in 
seabirds have shown that burrow nests provide better protec-
tion than bush nests from thermal stress because their ther-
mal properties are more favourable for chick development 
(Frost et al. 1976; Frere et al. 1992; Lei et al. 2014). On the 
contrary, seabirds nesting on the surface or in nests with 
poor vegetation cover may be constrained to stay longer on 
their eggs or young to reduce risks of overheating, and be 
under higher energetic demands than those nesting in more 
protected nests (Paredes and Zavalaga 2001).

Predation is one of the main causes of reproductive 
failure in many bird species (Martin 1993). Better cov-
ered nests should therefore offer protection from both 
climate and predators, and are expected to have higher 
breeding success than those with less cover (Frere et al. 
1992; Kleindorfer et  al. 2003; Colombelli-Négrel and 
Kleindorfer 2009). In Magellanic Penguins (Spheniscus 
magellanicus), for example, nest concealment affected 
the visibility of aerial predators, which resulted in greater 
fledgling success in highly covered nests (Gandini et al. 
1999). Increased vegetation around the nest site may also 
help to decrease social conflicts by reducing visual con-
tact between conspecifics (Burger 1977; Bukacińska and 
Bukaciński 1993), which may be particularly relevant for 

species nesting in dense colonies. Kim and Monaghan 
(2005) showed that Herring Gulls (Larus argentatu) nest-
ing at vegetated sites were less disturbed by their neigh-
bours, and consequently were able to rest more while 
incubating, than those nesting in more open sites. Nest 
site selection may thus represent a trade-off between an 
appropriate microclimate for thermoregulation and visual 
protection against predators or social disturbance (Amat 
and Masero 2004). Further investigation into such trade-
offs would add greatly to our understanding of habitat 
selection (Hilde et al. 2016).

This study examines how nest type and different char-
acteristics of the nesting habitat affect breeding success, 
predation, and the nesting behaviours of Little Penguins 
(Eudyptula minor) in South Australia. Little Penguins are 
ideal birds with which to study such questions because 
they stay on their eggs or young for extended periods of 
time, during which the incubating parents rely mainly on 
fat stores built up during previous foraging trips to sustain 
their metabolism (Miyazaki and Waas 2003). Hence, it 
is possible to study parental behaviours during breeding 
(and associated costs) without having to account for off-
nest energy expenditures or feeding. In addition, penguins 
are highly adapted to the marine environment (Lustick 
1984; Ksepka et al. 2012), but are over-insulated when 
they come on land (for breeding and moulting) where they 
can be vulnerable to hyperthermia during periods of high 
ambient temperatures (see Frost et al. 1976; Ganendran 
et al. 2016). Periods of excessive heat can place increased 
stress on penguins, often resulting in adults sacrificing 
breeding attempts in favour of survival (e.g. Griffin 2005; 
Crawford et al. 2006; Sherley et al. 2012). Finally, Little 
Penguins suffer high nest predation during breeding, with 
up to 60% of nest depredated (Bool et al. 2007; Wiebkin 
2011; Ekanayake et al. 2015; Colombelli-Négrel and Tomo 
2017), but are also highly social and territorial (Waas 
1988, 1990, 1991a, b) with conspecifics often invading 
territories leading to aggressive disputes (Waas 1991a). 
It may therefore be beneficial for Little Penguins to select 
nesting sites that not only provide the best microclimate 
for thermoregulation but also decrease visibility for preda-
tors or competitors.

In this study, I determined which characteristics of the 
nesting habitat influenced predation and breeding success 
in Little Penguins across three South Australian colonies 
with varying nest types. I then examined the time budget 
of the thermoregulatory, vigilance and maintenance behav-
iours of adult Little Penguins using video-monitoring during 
the incubation and chick guard periods. Finally, I tested the 
relationships between the nesting habitat characteristics and 
these behaviours to help understand potential fitness ben-
efits, costs and trade-offs associated with nesting habitat 
selection.



517Journal of Ornithology (2019) 160:515–527 

1 3

Methods

Study sites and species

This study was conducted over four breeding seasons 
between August 2013 and February 2017 at three Little 
Penguin colonies in South Australia: Troubridge Island 
(35°4′S, 137°49′33″E)—a sandy island located approxi-
mately 8 km east-southeast of Edithburgh (Yorke Penin-
sula) and mostly dominated by nitre bush (Nitraria bil-
lardierei) and African boxthorn (Lycium ferocissimum); 
Emu Bay (35°35′S, 137°30′E)—located along the sandy 
and rocky beach north of the jetty of Emu Bay on the 
north coast of Kangaroo Island, approximately 18 km 
by land west of Kingscote; and Granite Island (35°37′S, 
138°36′E)—a small island with a granite rocky coast-
line off Victor Harbour and connected to the mainland 
by a causeway. The main land predators at Emu Bay are 
Domestic Cats (Felis catus) and goannas (Heath Moni-
tor Varanus rosenbergi) (Colombelli-Négrel and Tomo 
2017). Native Water Rats (Hydromys chrysogaster) and 
introduced Black Rats (Rattus rattus) were suspected nest 
predators on Granite Island (Bool et al. 2007), but recent 
intensive rat control shows no land predation on this island 
since 2012 (Colombelli-Négrel and Kleindorfer 2014; 
Colombelli-Négrel 2015, 2017, 2018). Troubridge Island 
has no land predators (Colombelli-Négrel and Kleindor-
fer 2014) and egg predation is mainly due to Silver Gulls 
(Chroicocephalus novaehollandiae) (Colombelli-Négrel 
2018). Colony size was defined as (1) small ≤ 20 nests 

(Granite Island), (2) medium ≤ 50 nests (Emu Bay), or (3) 
large > 100 nests (Troubridge Island) (see also Colombelli-
Négrel 2017). Most, if not all, breeding nests on Granite 
Island and at Emu Bay were included in the data each 
year, but sample sizes were limited due to local popula-
tion declines at these two colonies (see Wiebkin 2011; 
Colombelli-Négrel 2017). The Granite Island population 
declined from 1548 individuals in 2001 to 38 individuals 
in 2017 (Colombelli-Négrel 2018), while the Emu Bay 
population declined from 182 individuals in 2011 to 56 
individuals in 2016 (Colombelli-Négrel 2017). The popu-
lation at Troubridge Island is suspected to be stable or 
slightly in decline, with 300 to 1000+ individuals present 
on the island during breeding (Bool and Wiebkin 2013; 
Colombelli-Négrel 2016, 2017; Department of Environ-
ment, Water and Natural Resources 2016). The study sites 
are presented in Fig. 1.

Little Penguins are monogamous and asynchronous 
breeders that breed from May up to and including January 
(Reilly and Cullen 1981; Johannesen et al. 2003). Clutch 
size is often two eggs per pair, and pairs can produce up to 
two clutches in one season (Kemp and Dann 2001; Johan-
nesen et al. 2003). Eggs hatch after an incubation period of 
33–44 days, and nest attendance during this period is shared 
between the sexes (Chiaradia and Kerry 1999; Kemp and 
Dann 2001; Numata et al. 2004). During the first 2 weeks of 
chick rearing (the guard period), adults continue to alternate 
between foraging and guarding the chicks because young 
chicks cannot thermoregulate (Miyazaki and Waas 2003). 
After the guard period, both parents generally forage dur-
ing the day and return every 1–5 nights to feed the chicks 

Fig. 1  Distribution of the sam-
pled breeding colonies of Little 
Penguins in South Australia
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(Chiaradia and Kerry 1999; Numata et al. 2004). Fledging 
takes place 8–9 weeks after hatching (Kemp and Dann 2001; 
Chiaradia and Nisbet 2006; Colombelli-Négrel 2015). Little 
Penguins are known to return to the same part of their colony 
year after year, usually occupying nests within a few metres 
of the ones used in previous years (Reilly and Cullen 1981).

Breeding monitoring

In South Australia, Little Penguins nest in naturally exca-
vated burrows, artificial nests or in scrapes under vegeta-
tion (see Colombelli-Négrel 2017; for methods, see below). 
For consistency of the terminology used here, all nesting 
sites are referred to as ‘nests’. The search for active nests 
started around mid-August. Monitoring was carried out until 
November at Emu Bay and on Troubridge Island, and until 
February on Granite Island. A nest was recorded as ‘active’ 
if it contained either eggs, chicks or adults or had clear evi-
dence of penguin presence, such as fresh droppings or a 
strong penguin smell. Once found to be active, nests were 
checked every 10–15 days to assess breeding success. The 
number of adults, eggs and chicks present in each nest was 
recorded during each visit. Nests were selected for breeding 
monitoring on the basis of (1) evidence of penguin pres-
ence, and (2) the practicality for the observer to be able to 
confirm the presence of eggs and chicks. Nests previously 
monitored were included again only if they met those condi-
tions. Hatching success was defined as the number of eggs 
that hatched per eggs laid. Breeding success was defined 
as the number of chicks that fledged per breeding pair. A 
chick was considered as fledged when it disappeared from 
the burrow at about 8 weeks of age and was not found dep-
redated or in any of the other burrows. If the outcome of 
a nest was unknown at the end of the monitoring period 
(e.g. the nest still had eggs and therefore it was unknown 
whether those eggs would hatch and produce fledglings), it 
was excluded from the analysis for breeding success. Pre-
dation was recorded following Colombelli-Négrel (2015). 
Predation was scored as ‘suspected’ if eggs or chicks were 
damaged or removed between visits before the eggs were 
ready to hatch or the chicks were close to fledgling but 
adults were still attending their burrows and therefore had 
not abandoned the nest. Suspected predation was only scored 
as such when clear signs [such as tooth marks on eggs or 
dead chicks, blood found in the burrow or injured chick(s)] 
indicated potential predation. Eggs and chicks that disap-
peared or died without these signs (potentially due to a fail-
ure to hatch, poor growth or starvation) were not counted as 
predated. Hatching and fledgling successes were classified 
as 1 for successful nests (one or more eggs hatched or chick 
fledged) and 0 for unsuccessful nests (no eggs hatched or 
chick fledged). Predation was classified as 1 when predation 

was confirmed and as 0 when no evidence of predation was 
found.

Nesting habitat characteristics

Every year, all monitored nests were marked with a Global 
Positioning System and photographed at 1 m for reference. 
The following nesting site characteristics were noted: (1) 
nest type (surface, sand, bush, rocks or artificial); (2) shrub 
cover (percentage of tree and shrub cover within a 10-m 
radius of the nest, defined as open 0–33% cover, mixed 
34–66% or closed 67–100%); (3) vegetation cover (percent-
age of vegetation above the nest estimated visually when 
standing 1 m away, categorised as 0–20, 21–40, 41–60, 
61–80 and 81–100%); (3) nest entrance orientation [recorded 
following a north–south numerical gradient: 0 (north), 0.25 
(northeast, northwest), 0.5 (east, west), 0.75 (southeast, 
southwest), 1 (south); (see also Beardsell et al. 2016)]; (4) 
number of neighbours (number of active nests within a 30-m 
radius, categorised as 0, 1–3, 4–6, 7–9 or 10+ neighbours); 
and (5) distance to the beach (0–500 m). Nest types were 
defined as follow: (1) surface nests (scrapes under an open 
bush; n = 66); (2) sand nests (nests dug in soft sand; n = 14); 
(3) bush nests (scrapes deep under a thick bush; n = 44); 
(4) rock nests (burrows under a boulder or in rock crevices; 
n = 22); and (5) artificial nests (plastic boxes with rocks, 
metal drums or concrete structure; n = 29) (Fig. 2). Distances 
to the beach were measured using the measurement tool in 
Google Earth 7.1 (http://earth .googl e.com).

Video‑monitoring

In 2016, adults were video-monitored during the incuba-
tion and chick guard (first 2 weeks after hatching) periods 
to assess the influence of the characteristics of the nesting 
habitat on the behaviours of adult penguins. A total of 
51 adults (32 during the incubation period and 19 during 
the guard period) were filmed: 18 individuals were nest-
ing in burrows (artificial, rock or sand) and 33 individu-
als were nesting in scrapes (surface or bush). All video-
monitoring occurred between 12 p.m. and 3.30 p.m. (local 
time) during the hottest part of the day. Individuals were 
filmed for a minimum of 2 h. All behaviours were recorded 
using a small action camera (Sony AS20; Sony, Australia) 
placed ~ 50–30 cm in front of the nest; all individuals 
were filmed once. Temperature and humidity data were 
collected via iButton data loggers (Thermochron iBut-
ton model DS1923-F5; Maxim Integrated, USA) placed 
within 30 cm of the entrance inside the nest (or within the 
circumference of the scrape and under some vegetation 
for surface nests) for the duration of filming. The iBut-
tons were programmed to take readings every 20 min, 
with a temperature resolution of ± 0.5 °C (operating range 

http://earth.google.com
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Fig. 2  Photos of the five differ-
ent nest types found in the three 
monitored colonies in South 
Australia: a surface, b sand, c 
bush, d rock, and e artificial
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− 20 °C to 85 °C) and a humidity resolution of ± 6% rela-
tive humidity (range 0–100%). One additional logger per 
colony was also placed in the middle of the colony in the 
shade under vegetation to measure outside temperature 
and humidity. OneWireViewer software (version 03.19.47; 
Maxim Integrated) was used to program the iButtons and 
to download the data.

Video analyses

A total of ~ 3780 min (~ 63 h) of video from 32 individuals 
was analysed during the incubation, and a total of ~ 2287 min 
(~ 38 h) of video from 19 individuals was analysed during 
the guard period. For each video, the time spent in the fol-
lowing behaviours was recorded: (1) sitting (sitting firmly on 
the eggs or chicks); (2) crouching (belly slightly raised over 
the eggs or chicks, which are partly visible), (3) standing 
(fully raised above or away from the eggs or chicks, which 
are fully visible); (4) preening [re-arrangement and groom-
ing of feathers with the bill (nibbling motion) or scratching 
the head or the body with the feet (Viblanc et al. 2011; Sher-
wen et al. 2015)]; (5) dozing [eyes either closed or slowly 
opening and closing, neck and head dropped or drawn into 
the breast (see also Campbell and Tobler 1984)]; (7) rest-
ing [time spent when the bird showed no movement, with 
the bill pointed forward (Challet et al. 1994)]; (8) vigilance 
[scanning the environment, generally with the head upright 
moving quickly from right to left, neck extended and intently 
staring (Sherwen et al. 2015)]; (9) head shaking [brief lat-
eral movements used to remove excess fluid secretions from 
the salt-secreting nasal glands (Viblanc et al. 2011)]; (10) 
stretching [full body stretch sometimes associated with flip-
per flapping believed to increase circulation in the muscles 
and proprioceptive sensitivity to prevent ankylosis and main-
tain a functional musculature (Ainley 1974; Viblanc et al. 
2011)]; (11) yawning [bill open, sometime with head tilted 
backwards, often seen in sequence (Viblanc et al. 2011)]; 
and (12) gular fluttering [mouth open and air flow experi-
enced over the gular (Lasiewski and Snyder 1969)]. In addi-
tion, the number of times per hour a bird was engaged in 
gular fluttering was recorded. Maintenance behaviours, such 
as preening, head shaking, stretching or yawning, are also 
referred to as ‘comfort behaviours’ in birds (Simmons 1985). 
Tail wagging [used to remove foreign material, faeces or 
water from the tail and cloacal region (Viblanc et al. 2011)] 
was not included in this analysis because an individual’s tail 
was not always visible. Studies in King Penguins showed 
no difference in behavioural time budgets between times of 
the day (Challet et al. 1994; Viblanc et al. 2011), locations 
within the colony or breeding stages (Viblanc et al. 2011); 
therefore, these samples of short duration are expected to be 
good representations of the overall time budgets.

Statistical analyses

PASW version 22.0 for Windows (SPSS, Chicago, IL) 
was used for all statistical analyses. Data are shown as 
mean ± SE. Principal component analysis (PCA) with vari-
max rotation was used to reduce the number of nesting site 
characteristics and remove redundancy from potentially 
inter-correlated variables. Logistic regression models were 
used to examine which characteristics influenced the prob-
ability (1) of a Little Penguin nest successfully producing at 
least one egg or young, or (2) being predated (binary vari-
ables). PCA factors from the nesting site characteristics and 
colony were used as fixed factors; year and nest identifica-
tion number (to account for nests that were monitored for 
more than 1 year) were used as random effects. Tempera-
ture and humidity in relation to nest type, vegetation cover 
and entrance orientation were analysed using multivariate 
ANOVAs (MANOVAs). Behaviours 1–11 were analysed as 
average bouts (total time observed in the behaviour divided 
by the number of observed bouts). Gular fluttering was ana-
lysed as the average number of times per hour. All mainte-
nance behaviours were pooled for the analysis. Behaviours 
were square root transformed to comply with conditions of 
normality. Differences in time spent in each behaviour in 
relation to the breeding stage (incubation vs. guard period) 
were analysed with MANOVAs. As behaviours did not vary 
between the two breeding stages (see Results), the data were 
pooled for the remaining analyses. ANOVAs were used to 
assess the influence of the nesting site characteristics (PCA 
factors), colony, nest temperature and humidity on a subset 
of adult behaviours. The analysis focused on the following 
behaviours: (1) sitting (time spent sitting on the eggs or 
chicks, as this would strongly influence hatching success or 
survival of the chicks in the first weeks after hatching); (2) 
defence behaviours (vigilance and dozing, as longer doz-
ing bouts could indicate that the birds were less vigilant); 
and (3) thermoregulation behaviours [gular fluttering and 
maintenance, as birds allocate more time to maintenance 
behaviours under heat stress to increase heat dissipation and 
muscular circulation (Viblanc et al. 2011)].

Results

Nesting habitat characteristics, predation 
and breeding success

Over the 4 years of the study, 223 breeding attempts from 
175 nests (23 nests from Granite Island, 45 from Emu Bay 
and 107 from Troubridge Island) were observed. Breed-
ing success (number of fledglings produced per pair) was 
recorded for 195 of the 223 breeding attempts. The aver-
age number of eggs laid was 2.15 ± 0.04 eggs/pair (Granite 
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Island, 2.07 ± 0.09; Emu Bay, 2.26 ± 0.09; Troubridge Island, 
2.12 ± 0.05) and the average number of chicks hatched per 
pair was 1.41 ± 0.06 chicks/pair (Granite Island, 1.68 ± 0.15; 
Emu Bay, 1.52 ± 0.11; Troubridge Island, 1.30 ± 0.08). The 
overall breeding success was 0.99 ± 0.06 fledglings (Gran-
ite Island, 1.61 ± 0.14; Emu Bay, 0.87 ± 0.12; Troubridge 
Island, 0.89 ± 0.08). Evidence of predation was found for 
8% of the breeding attempts.

The PCA analyses for the nesting site characteristics pro-
vided two components with eigenvalues > 1 which explained 
57% of the variance: 35% of the variance was accounted 
for by PC1 (high factor loadings for nest type, vegetation 
cover, shrub cover and number of neighbours) and 22% 
by PC2 (high factor loadings for nest entrance orientation 
and distance to the beach) (Table 1). Hatching and breed-
ing success were influenced by all factors: (1) rock burrows 
with a lower percentage of shrub and other vegetation cover 
and fewer neighbours had the highest success compared 
to the other nests (PC1—hatching, F1,218 = 6.78; p = 0.01; 
PC1—breeding, F1,188 = 3.90; p = 0.05; Fig. 3a); (2) nests 
orientated south or north and located further away from the 
beach had the highest success compared to the other nests 
(PC2—hatching, F1,218 = 9.56; p = 0.002; PC2—breeding, 
F1,188 = 6.27; p = 0.01); (3) nests located on Granite Island 
and at Emu Bay had higher hatching success than those 
located on Troubridge Island (F2,218 = 6.84; p = 0.001); and 
(4) nests located on Granite Island had higher breeding suc-
cess than those located on Troubridge Island or at Emu Bay 
(F2,188 = 5.76; p = 0.004; Fig. 3b). Predation was not influ-
enced by the characteristics of the nesting habitat or colony 
(all p > 0.27).

Behavioural time budget of activities

Figure 4 presents the different time budgets in relation 
to each breeding stage. Time spent in each behaviour did 
not differ between the incubation and the guard periods, 
except for the time spent crouching over the eggs or chicks 
(F1,50 = 11.03, p = 0.002; all other p > 0.14; Fig. 4).

Nesting habitat and behaviours

Temperatures recorded inside the nests during the hottest part 
of the day ranged between 15 and 29 °C during the incubation 
period and between 15 and 30 °C during the guard period (for 
comparison, temperatures outside the nests ranged between 15 
and 42 °C during these periods). Humidity values inside the 
nests ranged between 40 and 86% during the incubation period 
and between 35 and 99% during the guard period (outside the 
nests, humidity values ranged between 9 and 84%). Rock nests 
had the highest humidity levels during the video-recordings 
compared to all other nest types (F4,50 = 3.31; p = 0.02), but 
nest type did not differ in temperature (F4,50 = 1.99; p = 0.11). 
Temperature and humidity did not vary with the percentage of 
vegetation cover or entrance orientation (all p > 0.17).

Sitting behaviour

Time spent sitting on the eggs or chicks was not influenced 
by the characteristics of the nesting habitat, colony, nest tem-
perature or humidity (all p > 0.76).

Table 1  Factor loadings from the principal components analyses 
(PCA)

Higher factor loadings for each component are presented in bold

Nest site characteristics PC1 PC2

Nest type 0.75 0.02
Vegetation cover 0.55 0.38
Shrub cover 0.83 0.24
Number of neighbours 0.75 − 0.12
Nest orientation 0.01 − 0.78
Distance to beach 0.10 0.68

Fig. 3  Breeding success (number of fledglings produced per breeding 
pair; mean ± SE) in relation to a nest type (surface, sand, bush, rocks 
and artificial), and b colony (Emu Bay, Granite Island or Troubridge 
Island) and year (2013–2016)
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Nest defence behaviours

Vigilance was not influenced by the characteristics of the 
nesting habitat, colony, nest temperature or humidity (all 
p > 0.63). However, individuals in nests oriented south that 
were further from the beach spent less time dozing than 
individuals in other nests (PC2: F1,50 = 5.38, p = 0.02) and 
individuals nesting at Emu Bay tended to have shorter doz-
ing bouts than those nesting on Troubridge Island or Granite 
Island (F1,50 = 3.63, p = 0.06; all other p > 0.18).

Thermoregulation behaviours

Little Penguins were seen to engage in gular fluttering 
from temperatures as low as 15 °C, both when sitting 
on eggs or when guarding the chicks. Gular fluttering 
included movements of the throat with a small opening 
of the bill, but was a very subtle behaviour of short dura-
tion (see Supplementary Material 1). In 61% of the obser-
vations (incubation = 80%, guard phase = 42%; 111 out 
of 182 total observations), Little Penguins were sitting 
when exhibiting gular fluttering, either with the head up 
or straight, and spent on average 8.6 ± 4.5 s in this activ-
ity. Individuals that spent the longest periods of time in 
gular fluttering were observed with the flippers spread 
away from the body, which was likely to increase heat loss. 
Only one bird was seen painting, and he was nesting in an 
artificial nest with a metallic roof. Gular fluttering was not 

influenced by the characteristics of the nesting habitat, col-
ony, nest temperature or humidity (all p > 0.22). However, 
individuals nesting in artificial nests with low vegetation 
cover had longer maintenance bouts (F1,50 = 6.41, p = 0.01; 
all other p > 0.31; Fig. 5).

Fig. 4  Time budgets of Little 
Penguins during a incubation 
period and b guard period

Fig. 5  Maintenance behaviour (time spent in maintenance per hour; 
mean ± SE) in relation to nest type (surface, sand, bush, rocks and 
artificial)



523Journal of Ornithology (2019) 160:515–527 

1 3

Discussion

Nest site selection in birds is expected to represent a trade-
off between an appropriate microclimate for thermoregula-
tion and visual protection against predation risk or social 
disturbance (Amat and Masero 2004). In this study, I 
found that neither predation nor vigilance behaviour were 
influenced by the characteristics of the nest. However, nest 
type was an important factor for both breeding success and 
thermoregulation: birds nesting in rock nests had the high-
est breeding success, while individuals nesting in artificial 
nests engaged more in maintenance behaviours, suggesting 
that thermoregulation demands may drive nest selection 
in Little Penguins.

Nest type is an important factor for breeding success 
in many species of penguin (e.g. Seddon and Van Heezik 
1991; Frere et  al. 1992; Paredes and Zavalaga 2001; 
Sherley et  al. 2012). In Little Penguins, however, the 
importance of nest type seems to vary between studies, 
with some showing an influence of nest type on hatching 
success and chick survival (e.g. Bull 2000; Renner and 
Davis 2001; this study) while others do not (Geurts 2006; 
Boyer 2010; Jansen Van Renburg 2010; Braidwood et al. 
2011). Bull (2000), in particular, found that nest type had 
a greater influence on hatching success than laying date, 
year or clutch size. Studies in other penguin species have 
suggested that the influence of nest type on hatching and 
breeding success may be highly correlated with differences 
in the thermodynamic characteristics of the nest (Frost 
et al. 1976; Seddon and Davis 1989; Mauricio et al. 1999; 
Lei et al. 2014). In support for this, Renner and Davis 
(2001) found higher survival of chicks in tree nests than in 
open nests due to increased thermal insulation, but only in 
years with well above-average rainfall. Here, I found that 
rock nests, which had the highest hatching and breeding 
success, also had the highest humidity levels during the 
video-recordings. Humidity is an important factor for egg-
shell integrity and therefore hatching. Studies have shown 
that the absence of a nest wall limits the extent to which 
humidity can be elevated, irrespective of nesting loca-
tion (Deeming 2011), and that scrape nests tend not to be 
well insulated from external conditions (Reid et al. 2002). 
Humidity also impacts incubation behaviour, as demon-
strated by Coe et al. (2015) in Tree Swallows (Tachycineta 
bicolor), where females stayed off their nests ~ four times 
longer during cold and dry conditions than under warm 
and dry conditions, but reversed this pattern under periods 
of high rainfall. In the present study, incubation bouts were 
not influenced by the humidity levels, suggesting that the 
high hatching success observed in rock nests may have 
been directly due to the better microclimate of these nests. 
It should, however, be noted that humidity levels were 

only measured for the duration of the video-recordings. 
Additional data on long-term variation in temperature and 
humidity across nest type are clearly needed to understand 
the importance of microclimate for breeding success and 
nesting behaviours in Little Penguins, especially consid-
ering the common use of artificial nests in many penguin 
colonies (see Ropert-Coudert et al. 2004; Lei et al. 2014).

Prey need to continuously monitor their surroundings to 
reduce predation risks (Fitzgibbon 1989; Cowlishaw 1998; 
Brown and Kotler 2004), especially during vulnerable activi-
ties such as nesting when individuals are confined to a nest 
(see Colombelli-Négrel and Kleindorfer 2010; Kleindorfer 
et al. 2018). Some prey species may use vegetation as cam-
ouflage and thus reduce their vigilance when vegetation 
cover is high (Lazarus and Symonds 1992), while others 
may see dense vegetation as an obstruction and increase 
their vigilance as a consequence (Bednekoff and Blumstein 
2009). In this study, predation was not an important determi-
nant of breeding success, with only 8% of all nest losses due 
to predation, and neither predation nor vigilance behaviours 
were influenced by the characteristics of the nest. In fact, 
Little Penguins only spent ~ 4% of their time being vigilant, 
which is a lower proportion of time than found in other pen-
guin species (e.g. Challet et al. 1994; Viera et al. 2011). This 
may have been influenced by the fact that behaviours were 
only scored in the middle of the day, and time of day may 
affect vigilance (Bednekoff and Ritter 1994; Beauchamp and 
Mcneil 2003). Yet, a study in Mallards (Anas platyrhynchos) 
showed that nesting birds were more vigilant during the day-
time than during the nighttime (Javůrková et al. 2011), sim-
ply because predators were harder to detect in the dark. Little 
Penguin nests are known to be predated by terrestrial preda-
tors such as Domestic Cats (Felis catus), Domestic Dogs 
(Canis lupus) and goannas, but also by aerial predators such 
as raptors (Haliaetus leucogaster), ravens (Corvus mellori) 
and gulls (Bool et al. 2007; Wiebkin 2011; Ekanayake et al. 
2015; Colombelli-Négrel and Tomo 2017). While Domestic 
Cats and Dogs are mostly active at night, goannas and aerial 
predators are active and seen at penguin nests during the day 
(Ekanayake et al. 2015; Colombelli-Négrel and Tomo 2017), 
and Little Penguins should therefore remain vigilant even 
in the middle of the day. Interestingly, individuals nesting 
at Emu Bay tended to have shorter dozing bouts than those 
nesting on the other islands, suggesting that, overall, the 
birds on Granite Island and Troubridge Island may be less 
vigilant. Sleep is important for all animals (Siegel 2003), and 
Little Penguins spent nearly a quarter of their time dozing 
(~ 20%). Visual protection from predators, conspecifics or 
human disturbance can be important for sleeping (Kim and 
Monaghan 2005; Kemper et al. 2007; Sherley 2010). In this 
study, visibility from the nest and vegetation cover did not 
influence dozing behaviour, which suggests that the differ-
ence in dozing bouts observed may simply be due to the lack 
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of land predators on Troubridge Island and Granite Island. 
While these results suggest that vigilance for predators may 
not influence nesting habitat selection in Little Penguins, 
they also indicate that potential predation or disturbance risk 
may influence dozing behaviour, which in the long term can 
lead to higher stress levels and affect the time–energy budg-
ets of penguins (Viblanc 2011; Viblanc et al. 2014); this may 
warrant further investigation.

Heat stress is an important problem for Little Penguins 
in South Australia, as this region has been identified as a 
global warming hotspot (Ridgway 2007; Hobday and Pecl 
2014) with ambient temperatures reaching as high as 45 °C 
during the penguin breeding season. Previous studies have 
shown that Little Penguins exposed to temperatures > 30 °C 
experienced increased body temperature, started to pant and 
became restless, and had a dramatically increased respiratory 
frequency (Stahel and Nicol 1982; Baudinette et al. 1986; 
Horne 2010). As found in many other seabirds (Lasiewski 
and Snyder 1969; Wolf and Walsberg 1996; Oswald and 
Arnold 2012), Little Penguins reduce body heat via gular 
fluttering and panting, and were observed to start short bouts 
of gular fluttering from a temperature of 15 °C upwards. 
While most seabirds are known to start gular fluttering 
from a temperature of 20 °C and above (Frost et al. 1976; 
Campbell 2014; Meyer 2014), White-breasted Cormorants 
(Phalacrocorax lucidus) and Bank Cormorants (Phalacroco-
rax neglectus) have been shown to start this behaviour from 
15 to 16 °C (Campbell 2014). In Little Penguins, 61% of 
the birds engaging in gular fluttering were sitting on eggs or 
young, which may have lowered their temperature tolerance 
threshold, similar to the study by Campbell (2014), which 
showed that gular fluttering was higher when individuals 
were sitting than when they were crouching. Interestingly, 
gular fluttering only represented < 1% of the Little Penguins’ 
time budget; preening, sleeping and postural changes may 
have also helped with their thermoregulation, as seen in 
other bird species (Bartholomew 1966; Luskick et al. 1978; 
Hochscheid et al. 2002; Coe et al. 2015; Clauser and McRae 
2017). Here, I found that the characteristics of the nest did 
not influence gular fluttering, but birds nesting in artificial 
nests with low vegetation cover spent more time engaged 
in maintenance behaviours, which would have helped with 
their thermoregulation. Preening is also particularly impor-
tant for removing ectoparasites, and birds known to have 
more ectoparasites spend more time engaged in maintenance 
behaviours than hosts with fewer parasites (Cotgreave and 
Clayton 1994). Little Penguins are known to be infected by 
several ectoparasites, such as chewing lice (Austrogonoides 
spp.), fleas (Parapsyllus spp. and Listronius robertsianus), 
ticks (Ixodes spp., Ornithodorus carpensis) and feather mites 
(Ingrassia eudyptula, Veigaia spp.) (reviewed in Jansen Van 
Renburg 2010). In the study sites used for this study, fleas 
were the most common ectoparasite encountered and were 

found in about 43% of the monitored nests (Colombelli-
Négrel, unpublished data). However, surface nests had the 
highest parasite load compared to the other nest types, with 
up to 100 fleas per individual in surface nests and less than 
ten fleas per individual in artificial nests (Colombelli-Négrel, 
unpublished data). Therefore, it is unlikely that differences 
in ectoparasite load could explain the results observed here, 
and further investigations into how nest type may influence 
thermoregulation in colonial seabirds are clearly needed 
(Viblanc et al. 2011).

In conclusion, the results of this study indicated that 
nest type was the most important characteristic influenc-
ing breeding success and thermoregulation behaviours of 
Little Penguins. While nest site selection may simply be 
constrained by the type of nest available within a colony, 
Marker (2016) suggested that the clustering of nests in spe-
cific areas indicated that some combinations of particular 
characteristics may be more favourable than others to the 
establishment of nests. It may therefore be interesting to 
investigate in more depth how habitat preference may influ-
ence Little Penguins’ distribution. To my knowledge, this is 
one of the few studies estimating the combined contribution 
of thermoregulation and nest defence behaviours to the over-
all nesting time budget in a seabird species (but see Challet 
et al. 1994). Additional investigations into the energy expen-
ditures of each behaviour are needed to better understand 
possible costs in immediate and future breeding attempts of 
the Little Penguin.
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