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Abstract Individual foraging consistency is commonly
seen in wild populations, even in species considered gen-
eralists and allows individuals to forage more efficiently. It
may, therefore, have important consequences on ecological
processes, for individuals and populations. Within seabirds,
data on timescales over which consistency is maintained
is lacking, despite its potential to determine how adapt-
able individuals and populations are to face environmental
changes. Little penguins (Eudyptula minor) were tracked
at two colonies in south-eastern Australia during 5 years,
using GPS data loggers and dive recorders. This study
investigated the presence of behavioural consistency, its
persistence through time and the influence of extrinsic and
intrinsic factors on behaviour and consistency. Individual
consistency was compared between colonies, among con-
secutive foraging trips, among different breeding stages/
clutches and years. Individuals showed high plasticity,
with foraging metrics influenced by site, year, stage/clutch.
Low to moderate short-term consistency in foraging met-
rics was highlighted, except for bearing. Over larger time-
scales, no consistency in these metrics was detected. Mass
and morphology are known to influence foraging behav-
iour and consistency, but seemed not to affect behavioural
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consistency, which varied with year and site instead. This
further highlights the plasticity of animals foraging on prey
highly spatially and temporally variable in their distribu-
tion. We emphasize the importance of taking timescale into
account when assessing behavioural consistency. Finally,
mechanisms other than behavioural consistency seem to
allow little penguins to find mobile food in the water col-
umn (e.g. group foraging, and switching from short to long
trips at specific times of the breeding season).

Introduction

Individual consistency in foraging, leading to specialisa-
tions, is widespread in wild populations, and is thought
to help foragers avoid competition with conspecifics and
increase their foraging efficiency (Bolnick et al. 2003;
Araujo et al. 2011; Ceia and Ramos 2015). Recent research
has brought to light the fact that even populations that are
usually considered generalists can in fact be composed of
individual specialists (Aradjo et al. 2011; Loxdale et al.
2011; Matich et al. 2011; Layman and Allgeier 2012;
Fodrie et al. 2015). As top predators, at the top or near the
top of foodwebs, have the potential to affect prey popula-
tions and induce trophic cascades, it is important to under-
stand their pattern of specialisations (Matich et al. 2011).
Quantitative approaches to document their magnitude in
populations in different contexts are necessary to under-
stand how ecological interactions may influence the amount
of among-individual variation, and how the amount of vari-
ations affects ecological dynamics (Aradjo et al. 2011).
While this knowledge gap is increasingly being filled,
few studies have focused on quantifying timescales over
which individual specialisations are maintained. Failure to
account for timescale in studies of individual specialisations

@ Springer


http://orcid.org/0000-0002-6387-3357
http://crossmark.crossref.org/dialog/?doi=10.1007/s00227-017-3193-y&domain=pdf
http://dx.doi.org/10.1007/s00227-017-3193-y

169 Page 2 of 10

Mar Biol (2017) 164:169

likely results in inconsistent predictions regarding the
effects of intraspecific variation on predator—prey interac-
tions (Kernaléguen et al. 2015b; Novak and Tinker 2015).
Studying timescales over which behavioural or dietary spe-
cialisations are maintained can help predict how adaptable
individuals can be when faced with environmental changes
(Hamer et al. 2007; Harris et al. 2014). Also, if maintained
over long timescales, it is suggested that these specialisa-
tions can subject to natural selection and lead to species
diversification (Bolnick et al. 2003; Knudsen et al. 2010;
Harris et al. 2014). Such specialisations have been shown,
in a few studies in marine animals, to be maintained over
timescales ranging from days to years, but with decreasing
consistency over long time spans (Woo et al. 2008; Harris
et al. 2014).

Seabirds are top predators that face the challenge of find-
ing food in complex and dynamic environments (Grémillet
and Charmantier 2010; Cook et al. 2013). In their review,
Ceia and Ramos (2015) suggested that the incidence of
individual specialisations is potentially widespread, but
may fluctuate spatio-temporally among/within species and
populations due to the frequency of specialists, predictabil-
ity of resources or environmental conditions. Within this
group, some studies report on strong individual specialisa-
tions in foraging behaviour and in diet, which can some-
times be maintained over several weeks and years within
the same individuals (Wanless and Harris 1993; Cook et al.
2006; Elliott et al. 2009; Ratcliffe et al. 2013; Harris et al.
2014).

Seabirds are ideal to study consistency in behaviour as
they generally nest in colonies. They are central place for-
agers during the breeding season and often display a high
level of nest fidelity, which allows the repetitive access
necessary for longitudinal studies (Camprasse et al. 2017).
In addition, collecting data from multiple members of the
same colony allows the level of variation in behaviour
between individuals that arises from specialisation to be
determined since animals have access to the same resources
and are exposed to the same environmental conditions
(Ratcliffe et al. 2013; Ceia and Ramos 2015; Camprasse
et al. 2017).

We chose to study little penguins (Eudyptula minor) as
they are considered generalists but have been suggested
to exhibit fidelity to specific dive depths (Ropert-Coudert
et al. 2003; Kowalczyk et al. 2014). This inshore forager
relies mostly on small pelagic schooling prey such as Clu-
peiformes (Reilly 1974; Stahel et al. 1987; Hobday 1991;
Cullen et al. 1992; Chiaradia et al. 2007b; Hoskins et al.
2008; Saraux et al. 2011). Little penguins, being limited
in their range and restricted to hunting during daylight
hours (Reilly 1974; Dann and Norman 2006; Chiaradia
et al. 2007a; Ropert-Coudert et al. 2009; Kowalczyk et al.
2015), have to find ways to increase their foraging effort,
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which warrant further investigation. Therefore, the aims of
the present study were to: (1) determine the factors influ-
encing foraging behaviour; (2) quantify the magnitude of
behavioural consistency and assess timescales over which
it is maintained; and (3) investigate the influence of various
intrinsic and extrinsic factors on behavioural consistency.

Materials and methods
Data collection

Data loggers, which allow the characterisation of foraging
behaviour, including GPS trackers and dive recorders, were
deployed on little penguins at two colonies in south-eastern
Australia, sometimes over multiple consecutive trips, in
five breeding seasons (2011/2012-2015/2016; all breeding
seasons are referred to as the year they started in), includ-
ing different breeding stages and/or clutches. Fieldwork
was conducted at two sites in south-eastern Australia, Lon-
don Bridge (LB, 38°62'S, 142°93'E), a small mainland col-
ony (ca 70-80 nests) (Berlincourt and Arnould 2014) and
Gabo Island (GI, 37°56'S, 149°91'E), a large insular colony
(ca 35,000 nests) (Fullagar et al. 1995) during multiple
breeding seasons (2011/2012-2015/2016), either at early
chick-rearing (guard stage), late chick-rearing (post-guard
stage), or both, in clutch 1, clutch 2, or both. Depending on
the year in which instrumentation occurred, either one or
multiple consecutive trips were obtained (see Table 1 for
sample sizes). GPS data loggers (I-gotU GT120, Mobile
Action, Taiwan; 44.5 X 28.5 X 13.0 mm, 22.0 g in air corre-
sponding to ca 1.0% of mean body mass) were deployed in
combination with time-depth recorders (TDR, LAT1800S,
Lotek Wireless Inc.; 36.0 X 11.0 X 7.2 mm, 4.8 g in air cor-
responding to ca 0.2% of mean body mass). GPS loggers
were programmed to sample positions every 1 min or every
2 min depending on sampling years and stages. The TDR
units were set to record depth and temperature at 1 or 2 s
intervals depending on sampling years and stages.
Individuals were captured at the colony in their bur-
rows, weighed in a cloth bag using a suspension scale
(+10 g, Salter, Bristol, UK), and microchipped for identi-
fication. The GPS loggers—removed from their housings
and encased in heat shrink plastic for waterproofing—and
the dive recorders were attached to the back feathers using
waterproof tape (Tesa 4651, Germany) and cyanoacrylate
glue (Loctite 401, Prism, Instant Adhesive, UK). Individu-
als were recaptured after one or multiple consecutive trips
depending on sampling year, using the method previously
described. The data loggers were removed and individuals
were weighed again and morphometric measurements (bill
length, bill width, bill depth, head length, flipper length)
were taken with a Vernier calliper and metal ruler (+0.05
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Table 1 Sample sizes

- . . Sample size Total Breeding season Site Sex Breeding stage and
associated with the different clutch
datasets used (i.e. “full”,
“day-to-day”, “stage-to- 2011 2012 2013 2014 2015 LB GI & ? Gl PGl G2 PG2
stage”, “clutch-to-clutch”, and
“year-to-year” datasets), for Dataset Full
little penguins instrumented Trips (n) 549 51 122 192 177 17 276 273 247 302 244 50 223 32

at London Bridge and Gabo
Island, Victoria, Australia, in 5
consecutive years between 2011
and 2016

Dataset Day-to-day

Dataset Stage-to-stage
Trips (n) 62 0
Individuals (n) 31 0

Dataset Clutch-to-clutch
Trips (n) 42 0 23
Individuals (n) 20 0 12
Dataset Year-to-year

Trips (n) 47 6 15

Individuals (n) 23 6 15

Individuals (n) 264 40 99

Trips (n) 288 19 22
Individuals () 88 8 10

106 62 7 108 156 138 126 167 97 47 24

104 143 O 153 135 172 116 74 172 30 12

34 45 0 44 44 49 39 31 15 58 5

12 50 0 28 34 32 30 22 22 9 9

6 25 0 14 17 16 15 22 22 9 9
5 14 0 36 6 16 26 17 4 4
6 0 17 3 7 13 17 4 4

13 10 3 43 4 26 21 35 10 0 2
13 10 3 21 2 13 10 17 5 0

GI Gabo Island, LB London Bridge, G1 guard stage of clutch 1, G2 guard stage of clutch 2, PGI post-
guard stage of clutch 1, PG2 post-guard stage of clutch 2

and 1 mm, respectively). Handling times ranged 5—10 min
at deployment and 15-20 min at retrieval, during most of
which the bird’s head was covered with a hood to reduce
stress.

Data processing and analysis

All data analyses were conducted in the R Statistical Envi-
ronment version 3.2.0 (R Core Team 2015). Summaries
of dive parameters were obtained thanks to the diveMove
package (Luque 2007). A depth threshold of 1 m was used
to identify dive events. The diveMove package was also
used to apply a speed filter to the GPS data to remove erro-
neous locations with a threshold of 1.5 m s~!'. The GPS
data was separated into individual trips thanks to a custom-
made algorithm. GPS records were linearly interpolated
to the 1 s intervals in the adehabitatLT package (Calenge
2006) to provide spatial information for the dive records.
From the GPS and TDR data obtained, four foraging
metrics were calculated and used, in turn, as response vari-
ables in our models: bearings (bearings from the colony to
the most distal points of tracks, one measure per trip, com-
prised between 0° and 360°) using the circular package
(Agostinelli and Lund 2011), maximum distances from the
colony (distances between the colony and the most distal
points of tracks, one measure per trip) using the #rip pack-
age (Sumner 2009), mean bottom depths using the dive-
Move package (one measure per dive within trips, hereafter
dive depth), and total distances travelled per hour (cumula-
tive vertical and horizontal distances travelled divided by

the duration of foraging trips, one measure per trip). When
multiple trips were obtained for the same deployment, the
standard deviations for bearing (circular measure) and the
coefficients of variation for the other three metrics were
calculated. Linear and linear mixed effects models were
run in the nlme package (Pinheiro et al. 2014), and when-
ever applicable, full models were dredged using the MuMIn
package (Barton 2013) to determine the best fixed effects,
based on the models’ AIC. Linear models were run when a
single observation was available per individual, while lin-
ear mixed effects models were used when repeated data for
each individual were available.

To investigate the factors influencing the foraging
behaviour of instrumented individuals, we used the ‘full’
dataset (i.e. data obtained from all individuals in both sites
and from the 5 years of sampling, including all individu-
als for which GPS and TDR data covered at least one com-
plete trip). We ran two different sets of models, one tak-
ing into account year, site, breeding stage, clutch, sex, and
one taking into account mass, bill length and flipper length.
Indeed, these explanatory variables could not all be used
in a single model as sex and morphometrics measurements
were collinear, as were mass, stages/clutches and years.
Following Zuur et al. (2009), we started with models fit-
ted with “REML”, which included all the explanatory vari-
ables considered, we compared models with and without
the random effect associated with individual, and chose the
models with the lowest AICs. Once we established whether
a random effects structure was necessary, we inspected
residuals for heterogeneity, and when necessary included a
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stage, clutch and year-specific variance structure. The best
nesting structure, if any, was selected based on the com-
parisons of models with the full nested structure (individ-
ual nested within stage/clutch nested within year), all the
way to models with individual only has a random effect,
and all the combinations in-between. These models were
compared with the anova function. Models were then refit-
ted with “ML” to select the best appropriate fixed effects,
comparing models with the anova function. Finally, models
were refitted with “REML” to estimate model parameters.
To investigate whether little penguins exhibit consist-
ency in foraging behaviour, and if so, over which time-
scales, four different datasets were used: “day-to-day” (i.e.
data obtained on subsequent trips on the same individuals),
“stage-to-stage” (i.e. data obtained in guard stage and then
in post-guard stage of the same clutch, within the same
year for the same individuals), “clutch-to-clutch” (i.e. data
obtained either in guard or post-guard of the same clutch
in clutch 1 and then in clutch 2 of the same year for the
same individuals), and “year-to-year” (i.e. data obtained
in the same stage and clutch in different years from the
same individuals). Model selection was performed as
described above. Once the optimal models were found, a
variance component analysis was run following Ratcliffe
et al. (2013) and Harris et al. (2014). An estimate of indi-
vidual specialisation is given by the proportion of variance
explained by the individual variance component (Bolnick
et al. 2003; Dingemanse and Dochtermann 2013; Ratcliffe
et al. 2013). In cases for which the inclusion of the ran-
dom effect ‘individual’ did not improve the initial model,
variance component analyses were not run as otherwise
calculations are unreliable (Ratcliffe et al. 2013). For the
short-term timescale, data analysis were run on the full
“day-to-day” dataset [i.e. individuals for which at least two
trips were obtained (n = 88 individuals and 288 trips)].
As described above, two sets of models (one for year, site,
stage/clutch and sex, and for mass and morphometrics)
were run to investigate what factors influence the consist-
ency in foraging behaviour of the instrumented individuals.

Results
Factors influencing foraging behaviour

A total of 264 different individuals were sampled, as indi-
cated in Table 1. The “full” dataset comprised 549 forag-
ing trips (mean of 2.1 + 1.7 trips per individual [1-13]).
Little penguins stayed relatively close to the colonies and
exploited shallow depths (Table 2).

Bearings to maximum distance were influenced by site,
by year and by stage/clutch (linear model: F| 539 = 7.6,
P =0.006, F 539 = 3.0, P =0.02, F; 53 = 5.1, P = 0.001,
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Table 2 Summary of the data collected on little penguins instru-
mented at London Bridge and Gabo Island, Victoria, Australia, in five
consecutive years between 2011 and 2016 (“full” dataset) by year,
site, sex and breeding stage and clutch; values are mean + SD

Maximum distances  Total distances Mean bottom

from the colony (km) travelled per hour dive depth
(kmh™" (m)
Year
2011 182+ 185 41+15 10.8 +2.9
2012 18.2+9.1 36+1.0 8.6+3.0
2013 16.9+9.2 30+ 1.0 109 +4.0
2014 20.0+153 35+1.0 84+39
2015 21.0 +6.1 41+1.1 13.1+2.0
Site
LB 164+76 35+12 11.4+3.5
GI 203+ 158 33+1.0 7.8+32
Sex
3 19.0 +12.7 35+1.0 10.1 +4.0
Q 17.8 +12.3 33+1.1 9.0+3.6
Breeding stage and clutch
Gl 16.8 +6.9 3.6+1.1 95+3.7
PGl 193+172 33+15 9.7+43
G2 194 +62 35+12 10.6 +2.7
PG2 19.8 +13.1 3.0+09 78+29

GI Gabo Island, LB London Bridge, G/ guard stage of clutch 1, G2
guard stage of clutch 2, PGI post-guard stage of clutch 1, PG2 post-
guard stage of clutch

respectively). Likewise, maximum distances from the col-
ony were influenced by site, by year and by stage/clutch
(linear mixed effects model: df = 1, F = 7.3, P = 0.007,
df =4, F =172, P <0.0001, df = 3, F = 5.1, P = 0.002,
respectively). Total distances per hour varied according
to site, year, stage/clutch, and sex (linear model: df = 1,
F=175,P=0.006d =4, F=148, P <0.0001, df = 3,
F=32,P=002,df =1, F=54, P=0.02, respectively).
In the same way, dive depths varied according to site, year,
stage/clutch, and sex (linear mixed effects model: df = 1,
F=127.6,P <0.0001,df =4, F=9.2, P <0.0001, df =3,
F=179,P <0.0001,df=1, F=10.9, P = 0.001, respec-
tively). Bearings and maximum distances travelled were
not influenced by mass and morphometric measurements.

Degree of individual consistency in behaviour
and relevant timescales

Short-term consistency in foraging behaviour over sub-
sequent trips (“day-to-day” dataset) was investigated
initially (Fig. 1). Variance component analyses were
performed to determine the proportion of variance asso-
ciated with the random effects, including the individual
components, after model selection was performed to find
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Fig. 1 Representative examples of short-term foraging area consist-
ency in little penguins. A single individual is shown from each study
site (Gabo Island, top 2 panels, and London Bridge, bottom 2 panels),
depicting moderate consistency in distances travelled over subsequent

out the best model for each of the four foraging metrics
(Table 3). Overall, the proportion of variance associated
with the individual components was low to moderate
(from 3.0% for dive depths to 29.8% for bearings). When
investigating stage-to-stage consistency, the models

Table 3 Information on the best models selected to run the variance
components analysis [significance of the inclusion on an ‘individual’
random effect compared to initial linear model (likelihood ratio (LR)
test), significance of the best fixed effects, best random effect struc-

trips (indicated by different colours) and how there was little con-
sistency between breeding stages/years; PGI post-guard of the first
clutch, PG2 post-guard of the second clutch

including “individual” in the random effects did not differ
from the linear models for each of the four response vari-
ables of interest (all P > 0.2). The same pattern was pre-
sent in the clutch-to-clutch dataset (all P > 1.0), as well
as in the year-to-year dataset (all P > 1.0).

ture and inclusion of other parameters], and proportion of variance
associated with the different random effects obtained after running
the variance components analysis

Response variable Inclusion of random Best fixed effects

Best random effects Other parameters  Proportion of variance

effects associated with random
effects
Bearings df=11,LR =04, NA (inclusion of ran- NA NA Year: 0.0%

Stage/clutch: 30.4%
Individual: 29.8%

Year/stage-clutch/ Year and stage/ Year: 0.0%

P=0.8 dom effects did not
improve the initial
model)

Maximum distances df=5,LR=11.9, Site (df =1, F = 10.6,
from the colony P =0.0006 P =0.002)
Total distances trav- df=11,LR =94, No fixed effects

elled per hour

Dive depths

P =0.002

df=11,LR = 13436.0, Site (df=1, F =738,

P <0.0001

P < 0.0001)/year
(df=3,F=3.6,
P =0.02)

individual clutch vari- Stage/clutch: 40.1%
ance-specific Individual: 24.7%
structure

Year/stage-clutch/ NA Year: 0.0%

individual Stage/clutch: 17.3%

Individual: 18.9%
Stage-clutch/indi- Autocorrelation Stage/clutch: 24.8%

vidual/trip

structure (sub-
sequent dives
correlated)

Individual: 3.0%
Trip: 12.1%
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Factors influencing individual consistency

We investigated the effects of site, year, stage/clutch and
sex on the measures of consistency for the four variables of
interest (Supplemental Table S1, S2). The standard devia-
tion in bearings averaged 0.3 [0.0-3.0], and was lower in
2014 compared to 2013 (-0.2 + 0.08, t = =2.7, P = 0.03).
The coefficients of variation for maximum distances from
the colony were, on average, 0.3 [0.0-1.2], and were lower
in London Bridge compared to Gabo Island (—0.09 + 0.04,
t = =20, P = 0.04), and in 2014/2015 compared to
2011/2012 (0.2 + 0.09, t = 2.7, P = 0.04). The coeffi-
cients of variation in the total distanced travelled per hour
averaged 0.2 [0.0-1.0], and did not differ with site, year,
stage/clutch, nor sex. The coefficients of variation for dive
depths were on average 0.6 [0.3—1.2], and were higher in
2014 compared to 2013 (0.1 + 0.03, r = 3.0, P = 0.01).

Second, we looked at the effects of mass and two mor-
phometric measurements (bill and flipper lengths) on
the coefficients of variation of the variables previously
mentioned (Supplemental Table S3). The best models, as
judged by AIC, for bearings, maximum distances from the
colony, total distances travelled per hour, and bottom dive
depths were the null models including a year and stage/
clutch specific variance structure.

Discussion

This study investigated the factors influencing the forag-
ing behaviour and behavioural consistency of little pen-
guins, and the timescales over which foraging consistency
is maintained, over five consecutive years and at two sites
of different oceanographic regimes in northern Bass Strait,
Australia. We confirmed that little penguins were shallow
divers and inshore foragers at our study sites (Gales et al.
1990; Ropert-Coudert et al. 2003; Kato et al. 2008; Kow-
alczyk et al. 2015). We looked at the factors influencing
foraging behaviour and found that underlying differences in
certain parameters among years, breeding stages, clutches
and sites were influential drivers. We investigated the time-
scales over which foraging consistency is maintained and
found low to moderate short-term consistency (subsequent
trips), but no consistency for greater timescales. Consist-
ency in foraging behaviour was not related to intrinsic fac-
tors, but instead varied between sites, years and stages and
clutches.

Factors influencing foraging behaviour
Our results suggest that the factors influencing foraging

behaviour in little penguins include extrinsic factors, such
as year, breeding stage and clutch, and site, and to a lesser
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extent, sex and body mass. This is consistent with other
studies reporting high flexibility in many aspects of the
species’ foraging behaviour, and in some years, of their diet
(Chiaradia and Nisbet 2006; Hoskins et al. 2008; Chiara-
dia et al. 2010; Saraux et al. 2011; Berlincourt and Arnould
2015; Kowalczyk et al. 2015). While no data on prey avail-
ability, distribution or environmental conditions is avail-
able to explain these differences, this flexibility seems to
be in response to variations in prey conditions associated
with different environmental conditions (Chiaradia and
Nisbet 2006; Hoskins et al. 2008; Berlincourt and Arnould
2015). For example, in years of reduced food availability,
little penguins have been found to increase their foraging
trip duration, a proxy for maximum distances from the
colony (Saraux et al. 2011), instead of decreasing the mass
of meals delivered to their chicks (Chiaradia and Nisbet
2006).

The diet of little penguins comprised mostly of Clupei-
formes, including anchovy, pilchard, and sprat, and exhibits
relatively little variation in prey type (Hobday 1991; Cullen
et al. 1992; Chiaradia et al. 2010; Deagle et al. 2010; Sut-
ton et al. 2015). Therefore, from our results, it seems likely
that the differences in foraging behaviour across space and
time arise from differences in the local distribution and
abundance of Clupeiformes, thought to be associated with
different environmental conditions, rather than from differ-
ences in prey types (Hoskins et al. 2008). As in the pre-
sent study, the importance of foraging plasticity in coastal
marine predators has been highlighted in other seabird
species (Ishikawa and Watanuki 2002; Lescroél and Bost
2005; Deagle et al. 2008; Castillo-Guerrero et al. 2016).

Degree of individual consistency in behaviour
and relevant timescales

Ropert-Coudert et al. (2003) suggested individual little
penguins maintain consistent dive depths; indeed, in their
study 12 individuals were observed to be either very shal-
low divers consistently over two to three consecutive trips
(1.9 = 1.7 m), or consistently shallow divers (8.1 + 4.7 m).
In the present study, in contrast, we found low short-term
consistency in dive depths. Similarly, there was a lack of
short-term consistency in bearings to maximum distance,
indicating that over subsequent days, little penguins for-
aged in different locations within their home range. These
findings confirm that little penguins are highly plastic (Cul-
len et al. 1992; Chiaradia et al. 2010; Deagle et al. 2010;
Sutton et al. 2015). In contrast, 20-25% of the variance in
maximum distances from the colony and total distances
travelled per hour was explained by the individual. This
indicates that despite capturing prey at different depths and
different locations each day, over the short-term little pen-
guins remain moderately consistent in their foraging effort.
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This is consistent with previous studies which have shown
foraging trip duration, which correlates with distances
travelled, is correlated with body condition (Numata et al.
2000; Kato et al. 2008; Saraux et al. 2011).

Few previous studies have reported on the variance
explained by the individual in foraging metrics of seabirds
over the short-term. Interestingly, these values tend to be
higher in benthic species than in species exhibiting mixed
benthic and pelagic diving, and no other study reports
on this in pelagic foragers. For benthic blue-eyed shags
(Phalacrocorax georgianus, P. verrucosus, and P. atriceps),
the proportion of variance in dive depths ranged from 41.5
to 85.1% (Ratcliffe et al. 2013; Harris et al. 2014; Cam-
prasse et al. 2017). For species exhibiting mixed benthic
and pelagic behaviour, such as thick-billed murres (Uria
lomvia) and king cormorants (P. albiventer), these values
dropped to 44 and 25%, respectively (Kato et al. 2000; Woo
et al. 2008). While the proportion of variance in foraging
metrics was not reported, two other species with mixed
benthic and pelagic behaviour, Japanese (P. filamentosus)
and pelagic cormorants (P. pelagicus), have been shown
to display individually consistent patterns for depth usage
and exhibit foraging site fidelity. These findings suggest
that short-term individual consistency in foraging behav-
iour may be linked to the availability and distribution of
prey; they are thought to be more predictable for benthic
divers (Watanuki et al. 2004; Cook et al. 2006), which have
an increased potential to rely on memory of seafloor fea-
tures for navigation to re-visit specific areas (Davoren et al.
2003; Cook et al. 2006; Woo et al. 2008; Harris et al. 2014)
compared to pelagic little penguins.

Only a few studies have followed the same individuals
throughout the breeding season and between years to assess
whether individual consistency throughout longer time-
scales is maintained (Woo et al. 2008; Elliott et al. 2009;
Harris et al. 2014). All of these studies show that behav-
ioural consistency decreased through time [see also Bell
et al. (2009)]. In the present study, individual consistency
in foraging metrics was only present over subsequent for-
aging trips, with no consistency detected for longer time-
scales. This suggests that little penguins feed on prey that
is temporally unpredictable on timescales longer than mul-
tiple consecutive days. The fact that little penguins do not
seem to exhibit long-term consistency in foraging behav-
iour might be beneficial in the face of rapidly changing
climate, like the one experienced in the southern parts of
Australia (Lima and Wethey 2012). Long-term fidelity in
foraging areas and diving behaviour seem indeed to prevent
individuals from adapting to rapid environmental change
and from avoiding areas that have become unsuitable for
foraging (Vander Zanden et al. 2016; MclIntyre et al. 2017).

Our study highlights the importance of repeated sam-
pling across various time scales, as short-term results

have previously been shown to over-estimate individual
consistency (Kernaléguen et al. 2015b). More trips could
be obtained to confirm the degree of behavioural consist-
ency exhibited in short time frames. For example, increas-
ing the number of consecutive trips obtained could lead
to an increased estimate of individual consistency if indi-
viduals take longer than a few days to re-visit areas where
they had been successful before. Bigger samples sizes for
timescales other than day-to-day also should be obtained to
confirm the lack of consistency on longer timescales, as it
would increase confidence in the estimates of the degree of
consistency.

Factors influencing individual consistency

No effects of body mass or morphometric measurements
were found on foraging behaviour consistency. In contrast,
the consistency of the metrics studied was affected by the
year of sampling and site. This suggests that little penguins
are very plastic and respond to variations in prey avail-
ability and distribution determined by local environmen-
tal conditions instead of relying on set strategies based on
individual morphology or body mass. Obtaining data on
environmental conditions and prey abundance and distribu-
tion at a fine enough scale would be invaluable to be able to
understand the interplay between environmental and prey
conditions, time of sampling and behavioural consistency.

Strong behavioural and/or dietary consistency in sea-
birds is reported in species exhibiting important varia-
tions in foraging habitat and associated prey, as shown
by large variations between individuals in both behaviour
and diet (Cook et al. 2006; Ratcliffe et al. 2013; Harris
et al. 2014). Therefore, the low consistency in foraging
behaviour observed in little penguins could reflect low
ecological opportunity (Hobday 1991; Cullen et al. 1992;
Hoskins et al. 2008; Chiaradia et al. 2010; Sutton et al.
2015). Indeed, little penguins are less likely to have access
to a wide array of prey or foraging habitats on which to
specialise.

Individual consistency, leading to foraging specialisa-
tions have been suggested to help increase foraging effi-
ciency by reducing competition with conspecifics and/or
by focusing on prey individuals can easily find, handle or
digest (Estes et al. 2003; Cook et al. 2006; Ceia et al. 2012;
Harris et al. 2014; Kernaléguen et al. 2015a). This would
seem particularly relevant for inshore and resident species,
such as little penguins, with a limited foraging range (Cook
et al. 2006; Ratcliffe et al. 2013; Harris et al. 2014), which
could, for example, benefit from re-visiting areas where
profitable prey have been encountered more easily than off-
shore foragers. As short-term consistency is low or moder-
ate, little penguins appear to have other ways of increasing
their foraging effort in this limited environment, such as
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group foraging and alternating long and short trips at spe-
cific times of the breeding season (Ropert-Coudert et al.
2004; Sutton et al. 2015).

In summary, low to moderate consistency in foraging
behaviour was observed over the short-term but not over
longer timescales. Both foraging behaviour and its consist-
ency varied extensively across sites, years, breeding stages
and clutches, showing that little penguins are highly plastic,
which might be necessary for such small, pelagic predators
with limited ranges to forage successfully. Such strategy
seems to have the potential to help little penguins cope with
their rapidly changing environment, as behavioural adapta-
tions could limit their ability to do so, although this war-
rants further investigation. One caveat of this study, how-
ever, is the relatively low sample sizes for timescales other
than short-term consistency, and limited number of trips
obtained, which could have affected the estimate of individ-
ual specialisations. This study should be replicated on more
pelagic divers and species generally considered general-
ists to see if the patterns highlighted here are widespread
within this group.
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