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Theory suggests that the balance between unknown dangers and novel opportunities drives the evo-
lution of species-level neophobia. Juveniles show lower neophobia than adults, within mammals and
birds, presumably to help minimize the costs of avoiding beneficial novelty, and adults tend to be more
neophobic, to reduce risks and focus on known stimuli. How these dynamics function in island species
with fewer dangers from predators and toxic prey is not well understood. Yet, predicting neophobia
levels at different age classes may be highly valuable in conservation contexts, such as species' trans-
location programmes, where responses to novelty can influence the effectiveness of prerelease training
and animals' survival postrelease. To better understand how neophobia and its age-related patterns are
expressed in an island corvid, we surveyed object neophobia in 84% of the world's critically endangered
‘alal�a, Corvus hawaiiensis. Individuals repeatedly demonstrated high neophobia, suggesting that neither
captivity nor their island evolution has erased this corvid-typical trait. Unexpectedly, juveniles were
exceedingly more neophobic than adults, a pattern in stark contrast to common neophobia predictions
and known mammalian and avian studies. We discuss the potential conservation ramifications of this
age-structured result within the larger context of neophobia theory. Not only may the expression of
neophobia be more complicated than previously thought but predicting such responses may also be
important for conservation management that requires exposing animals to novelty.

© 2019 The Authors. Published by Elsevier Ltd on behalf of The Association for the Study of Animal
Behaviour. This is an open access article under the CC BY-NC-ND license (http://creativecommons.org/

licenses/by-nc-nd/4.0/).

Avoiding novelty that harbours unknown dangers can enhance
survival, yet avoidance also carries potential opportunity costs
when novelty offers potential resources. The interplay of these
forces is assumed to shape the evolution of neophobic responses
(Greenberg & Mettke-Hofmann, 2001; Greggor, Thornton, & Clay-
ton, 2015; Mettke-Hofmann, 2014). For example, animals are ex-
pected to be wary if they occupy a dangerous niche where
neophobia would provide a protective function (Greenberg, 2003).
Meanwhile, to reduce the potential costs of over- avoidance,
expressed neophobia levels are suggested to be phenotypically
plastic, based on the amount of danger or novelty an individual
experiences over time (Brown, Ferrari, Elvidge, Ramnarine, &
Chivers, 2013; Marples, Quinlan, Thomas, & Kelly, 2007). To facili-
tate optimal neophobia expression later in life, juveniles are ex-
pected to undergo a period of exploration that develops into later
neophobic preferences (Greenberg & Mettke-Hofmann, 2001).

Accordingly, empirical studies of species ranging from birds to
mammals (including humans) have found lower neophobia and
higher exploration in juveniles than adults (Bergman & Kitchen,
2009; Mata, Wilke, & Czienskowski, 2013; Miller, Bugnyar, P€olzl,
& Schwab, 2015; O'Hara et al., 2017; Sherratt & Morand-Ferron,
2018), depending on levels of predatory exposure (Crane &
Ferrari, 2017). While the dynamics between species level neo-
phobia and how neophobia changes with experience are not fully
understood, these two pressures govern much of what we under-
stand about the ecological function of neophobia (Greenberg &
Mettke-Hofmann, 2001; Greggor et al., 2015). Yet, there are
certain ecological and human-induced circumstances in which
these theories may be less applicable.

Owing to the relative reduction of predators and poisonous prey,
island species are expected to be less neophobic and more
exploratory than closely related mainland species and populations
(Mettke-Hofmann, 2014; Mettke-Hofmann, Winkler, & Leisler,
2002). In fact, reductions in wariness are common in many island
species, in contexts other than neophobia (e.g. decreased predatory
wariness, Blumstein & Daniel, 2005; Brodin, Lind, Wiberg, &
Johansson, 2013). Should the changes to environmental risk
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differentially affect juveniles versus adults on islands, for instance if
predation pressure is relaxed only at certain life stages, the value of
approaching novelty would be expected to change with age
(Sherratt & Morand-Ferron, 2018). Therefore, not only may the
overall level of neophobia differ from that of colonizing species in
island populations, but age-related patterns of neophobia could
also change if juveniles experience different levels of risk around
novelty.

Another context that can influence neophobia expression is
captivity. Comparisons of wild versus captive or domesticated
species indicate that the relative safety and artificial selection
pressures of the captive environment can erode neophobic re-
sponses over time (Benson-Amram, Weldele, & Holekamp, 2013;
Pisula et al., 2012). Species that have slow life histories and a reli-
ance on social learning have been deemed particularly vulnerable
to reductions in neophobia expression in captivity (Forss, Koski, &
van Schaik, 2017). Moreover, as a heritable temperament trait,
neophobia is susceptible to rapid evolution in captive breeding
programmes (McDougall, R�eale, Sol, & Reader, 2006).

The level of neophobia a species expresses can have serious
ramifications when the species is of conservation concern. For
example, if species lose their natural levels of neophobia in conser-
vation breeding facilities, they may be ill equipped in both the short
and long term when reintroduced to the wild. Failing to account for
neophobia before release could influence the effectiveness of
training that encourages natural foraging and antipredator behav-
iour. Once they are in thewild, captive-bred animals encounter novel
foods, spaces and predators (Shier, 2016), and how they respond to
novelty has been shown to predict postrelease outcomes (Bremner-
Harrison, Prodohl, & Elwood, 2004). Additionally, an understanding
of how neophobia varies by age can determine the optimal age for
release. As the use of translocations as a conservation tool is
increasing (Taylor et al., 2017), the need to understand and wield
neophobia as a conservation tool is increasing.

As one of the world's most endangered birds, the ‘alal�a, Corvus
hawaiiensis, needs all available conservation tools. The ‘alal�a is
Hawaii's only surviving native corvid, a family whose mainland
ancestors are highly neophobic in relation to other passerines
(Brown & Jones, 2016; Greggor et al., 2016a, 2017). For instance, in
direct comparisons, noncorvid species have shown no (N ¼ 7 spe-
cies, Greggor et al., 2016a) or comparatively little (N ¼ 3, Brown &
Jones, 2016) hesitation to feed in the presence of novel objects
relative to control conditions, while the same novel objects caused
corvids (N ¼ 5 species, Greggor et al., 2016a;N ¼ 1 species, Brown&
Jones, 2016) to delay eating up to 90 min or more (Greggor et al.,
2016a) and express startled fear behaviour (Brown & Jones,
2016). Neophobia has not been explicitly compared across
enough corvids to allow for phylogenetic predictions about ‘alal�a
neophobia levels. Yet, one might expect them to be less neophobic
than mainland corvid species, because ‘alal�a evolved in a relatively
safe forest habitat with only aerial predators and without
poisonous prey. The safety of their habitats has changed within
more recent times, as Hawaiian forests became increasingly
degraded by the mid-20th century, owing to ungulate grazing,
disease and the introduction of mammalian predators (e.g. cats,
mongooses and rats), all which drove ‘alal�a extinct in the wild in
2002 (Banko, Ball, & Banko, 2002). A reintroduction programme is
ongoing, which presents a new opportunity to learn about the
species and its potential uniqueness in the corvid family. At the
time of the present study, only 142 individuals of the species
existed, the majority of which were in conservation breeding fa-
cilities, and 11 birds had been released into the wild a few months
before the beginning of data collection.

Measuring neophobia in this critically endangered species
serves a conservation purpose, but also offers insight into the little-

known biology of ‘alal�a. Since ‘alal�a were only studied intensively
once they were already in severe decline (Banko et al., 2002), our
understanding of their natural behaviour is largely anecdotal. Pre-
dicting their neophobia expression is challenging because island
corvids occupy a unique position; as corvids they should express
high levels of neophobia (Brown & Jones, 2016; Greggor et al.,
2016a, 2017), but as an island species they should have relatively
low levels of fear (Blumstein & Daniel, 2005; Brodin et al., 2013;
Mettke-Hofmann, 2014; Mettke-Hofmann et al., 2002). Addition-
ally, since all ‘alal�a have now spent several generations in captivity,
measures of species-wide neophobia must also consider the in-
fluence that the captive environment could have on neophobic
responses. To resolve these uncertainties, we measured object
neophobia in the majority of living ‘alal�a with a series of object and
control tests, looking at species level and age-related expression. If
‘alal�a show corvid-typical levels of neophobia, they should be
individually repeatable and highly hesitant to approach novel ob-
jects in comparison to control conditions. In contrast, a species level
absence of hesitancy around novel objects would indicate that an
aspect of their captive environment or island history has not fav-
oured neophobia. Meanwhile, if ‘alal�a follow similar age-related
patterns to other birds and mammals, juveniles should be less
neophobic than adults.

METHODS

Captive Housing

‘Alal�a were housed at the Keauhou and Maui Bird Conservation
Centers (KBCC and MBCC, respectively). All living individuals of the
species have been captive bred at these two breeding centres in
Hawaii and raised either through puppet rearing methods or by
conspecific adults. Puppet-reared juvenile ‘alal�a were typically kept
in small social groups from fledging until reaching sexual maturity
(3e4 years of age, Banko et al., 2002), when they were housed in
either opposite-sex pairs or alone. During the fledging period,
puppet-reared birds were fed solely by crow puppets, interacted
only with similarly aged ‘alal�a or costumed people, and were
exposed to adult calls, broadcast from speakers in the rearing areas.
Parent-reared ‘alal�a were raised by their parents (or foster parents)
in breeding enclosures until 6e7months of age and thenmoved into
juvenile social groups with puppet- and/or other parent-reared ju-
veniles. Regardless of rearing type, all efforts were undertaken to
keep the chicks as wild as possible during the rearing stage and in
later life (see Greggor et al., 2018). Handling and interaction with
people were minimized, even during daily husbandry routines.

Birds were tested in their home enclosure with their normal
enclosure-mate(s), if applicable, to reduce testing stress. All birds
had daily ad libitum access to food and water and were fed out of
the same food pan throughout the study. Their enclosures were
outdoors, with a covered area for shelter and feeding. Daily
enrichment consisted of provisioning of food items, puzzle boxes or
the occasional enriching item, which did not mirror any of our
novel objects in appearance, complexity or materials.

Ethical Note

This work was approved by San Diego Zoo Global's animal care
and use committee IACUC no.16e009 and conducted under USFWS
Permit no. TE-060179-5 and State of Hawaii Division of Forestry and
Wildlife permit no. WL16-04. The work follows all ASAB/ABS
Guidelines for the use of animals in research, the ARRIVE Guide-
lines, the legal requirements of the country in which the work was
carried out and all institutional guidelines. All efforts were under-
taken to reduce stress during the study by testing birds in their
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home enclosures, at their regularly scheduled feeding times and
without restricting food access prior to testing. Birds were also
monitored for outward signs of stress or discomfort during trials,
neither of which was observed during testing.

Object Tests and Controls

Our study was conducted outside the breeding season between
November 2017 and March 2018. All birds that were not slated for
imminent releasewere tested (N ¼ 118: 25 juveniles and 93 adults),
covering 84% of the species at the time. The youngest juveniles
included in our study were ca. 5e7 months old and the oldest adult
was 28 years old. Two parent-reared birds were still housed with
their parents during the trials (see Appendix Table A1 for a break-
down of the housing set-up). None of the 3-year-old birds (N ¼ 8)
had shown signs of breeding (i.e. laying eggs or having a partner lay
eggs) in the previous season and, therefore, were classed as juve-
niles for the study. However, we also evaluated whether this cat-
egorical juvenile-versus-adult distinction was merited as an age
class for neophobia using amultivariate survival tree (MST) analysis
(see Analysis below).

Our experiment consisted of three sets of trials, each of which
involved conducting a novel object trial (i.e. neophobia test) and a
control trial (i.e. background motivation test). Each set involved a
different novel object (Fig. 1) and the same control set-up. The or-
der of the test and control trials within each trial set was ran-
domized across the birds tested, with 24e48 h between the object
trial and control trial. The median time between the sets of trials
was 16.26 days for each bird, up to a maximum of 4 weeks. All trials
were conducted in the birds’ home enclosures, at the time of their

regular daily feeding (0700e1030 hours) to ensure that the envi-
ronment was familiar, and that nothing about the context of a
person entering the enclosure and leaving a food pan was novel.
Trials lasted for 60 min. The diets within the food pans were
consistent throughout the study and contained fruit, vegetables,
eggs, insects and dry nutritional pellets. Each day birds would
consume the highly preferred items first, with lesser preferred
foods left partially eaten or largely untouched.

The control and novel object trials were intended to compare
behaviour across contexts that were the same albeit for the addi-
tion of an object which was as novel as possible. Seemingly familiar
objects can elicit neophobia in corvids when placed in novel loca-
tions (Greggor et al., 2016a); therefore, in our control trials we
recorded behaviour at the newly refreshed food pan in the absence
of an object. Neophobia test trials utilized the same set-up, which
would elicit the same levels of food motivation, but with the
addition of a single novel object placed 5e10 cm from the corner of
the food pan. Since the composition of novel objects can influence
whether and why animals exhibit neophobia (Greggor et al., 2015),
objects were carefully constructed to represent purely novel stim-
uli. They were made of bright materials, which differed in texture
and light reflectance. All were of a similar size (ca. a third the size of
‘alal�a), contained variations on three primary colours and had no
elements that could resemble eyes, to avoid mimicking predatory
stimuli (Scaife, 1976; Fig. 1).

Behaviour during the trials was recorded using a Panasonic HC-
V180K camera outside the aviary or a hidden GoPro camera within
the enclosure's feeding chamber. All birds received three novel
objects over the course of the study (Fig. 1), one per neophobia test,
in a randomized order, across the three sets of trials. For 20 aviaries,

1 2

3 Backup

Figure 1. Novel objects used for testing. Each object was tied using coloured flagging to the birds' food pan racks for 60 min. Each bird received objects 1e3. The backup object was
used when a test needed to be redone.
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trials were repeated with a fourth novel object (Fig. 1) when a mate
removed the object from the platform before both birds fed, but
these additional trials were only successful for four enclosures. This
meant that 16 birds only experienced two of the three object types.

Analysis

Videos were coded to determine the time (s) when each indi-
vidual approached and fed at the food pan. Individuals were
identified by the colour of their leg bands. Individuals that did not
approach were given a maximum time of 3600 s (i.e. 60 min). The
number of object touches and approaches made before feeding was
recorded, but the datawere zero inflated to the extent that analyses
were not warranted. The lighting conditions during four control
trials (which covered seven birds) were too dark to determine in-
dividual identity or accurate feeding times, and their data was not
used. Additionally, one individual was removed from the analysis
because it never fed from the food pan during any trial, including
the controls, which meant it lacked a baseline level of motivation
necessary for participation in the study. Some videos (15%) were
coded by a second observer, blind to the experimental question of
age and the data generated by the main observer. Intercoder reli-
ability was extremely high (intraclass correlation, ICC ¼ 0.956,
confidence interval, CI ¼ 0.94 e 0.97, P < 0.001).

All statistics were conducted in R v.3.2.2 (R Foundation for Sta-
tistical Computing, Vienna, Austria, http://www.r-project.org). In-
dividual consistency was measured for birds that had at least three
control (N ¼ 110) or three test (N ¼ 102) data points with ICCs. Birds
that only had two control (N ¼ 7) or two test (N ¼ 16) data points
were still included in the larger neophobia data set. Neophobia was
measured as the latency to consume food from the panwhen a novel
object was present, and was compared against the control condi-
tions with a Cox proportional hazards regression model, using the
‘survival’ package (Therneau, 2015). Latency to feed in the presence
of novelty is a common measure of neophobia (e.g. Guido, Biondi,
Vasallo, & Muzio, 2017; Martin & Fitzgerald, 2005), and we opted
to use it over approach latency because small differences in enclo-
sure set-ups made approach distance difficult to standardize for
several individuals (however, both measures were highly corre-
lated: r ¼ 0.98, t699 ¼ 117.51, P < 0.001). Survival models are useful
for dealing with maximum values, where responses times could be
longer if trial times were extended (Therneau & Grambsch, 2000).
Observations were clustered by individual to account for noninde-
pendence of the data. The effects of age, social housing condition
(alone or with conspecifics), breeding centre (KBCC or MBCC), sex
and all biologically relevant interactions were included in this sur-
vival model. Age was a categorical variable, broken down into ju-
veniles (� 3 years of age) and adults (> 3 years), based on the age at
sexual maturity.We did not include rearing history as a factor in the
analysis because so fewbirds in the captive flockwere parent reared
(N ¼ 13), and their datawere very similar to those of puppet-reared
birds of the same age (see Appendix Fig. A1).

To confirm that the age at sexual maturity represented a natural
division for neophobia expression in ‘alal�a and that additional di-
visions at other ages were not warranted, we subsequently ran an
MSTanalysis. We used the ‘MST’ package (Calhoun, Su, Nunn,& Fan,
2018) with experimental condition and age in years as the predictor
variables and individual identities as the cluster variable. MST
combines decision trees with time-to-event analysis (in our case,
the Cox proportional hazards regression model). Like other tree
methods, MST generates groups of observations based on binary
splits that are derived from one or more of the predictor variables.
For numerical predictors, such as age, all possible values are
considered for each split. This approach therefore allows the data to
assign the age categories, instead of forcing preconceived divisions

onto a numerical variable. The selected split is the one that mini-
mizes heterogeneity among observations within groups and max-
imizes differences between groups. In practice, the binary splitting
procedure continues until the tree becomes overdetermined. The
tree is subsequently pruned back to a smaller number of groups
(called terminal nodes) based on a validation procedure that bal-
ances tree complexity with degree of fit (e.g. Appendix Fig. A2). In
MST, the final tree size depends on the split penalty (a) used to
prune the tree. KaplaneMeier curves are then fitted to the obser-
vations within each terminal node. We used bootstrap as our
validation method and selected the a that returned the most con-
servative tree for our data set (a ¼ log(n0); Appendix Fig. A2).

RESULTS

Individuals were statistically repeatable in their response to the
controls (N ¼ 110, ICC¼ 0.351, P < 0.001, CI¼ 0.23e 0.47) and even
more so in their response to the novel object tests (N¼ 102,
ICC¼ 0.705, P < 0.001, CI¼ 0.62e 0.78). Although the consistency of
test responses was slightly inflated by birds that never returned to
feed during any of the three test conditions (N¼ 34), removing them
still yielded repeatable responses (N¼ 68, ICC¼ 0.436, P < 0.001,
CI¼ 0.29e 0.58). Overall, ‘alal�a were nearly four times less likely to
eat when the object was present, in comparison to the control
(N ¼ 701 individual data points, 514 events; Table 1), but age had an
effect. Juvenile ‘alal�a were twice as neophobic as the adults in their
hesitancy to eat next to the object (Table 1, Figs 2, 3; also see raw data
in the Supplementary Material). No other variable (e.g. sex, social
housing or site) predicted significant variation in themodel (Table 1).
MST results confirmed the validity of the two age categories that we
defined a priori with birds � 3 years of age being less likely to eat
under object test conditions than birds > 3 years of age (Appendix
Fig. A2). Additionally, post hoc survival models indicated that there
were no differences in responses to the four novel objects used,
regardless of the order in which they were presented (Appendix
Table A2), and no evidence for habituation to the novel object trial
type over subsequent trial sets (Appendix Table A3).

DISCUSSION

Wemeasured the level and age structure of object neophobia in
the critically endangered ‘alal�a to better understand their response
to novelty. By doing so, we investigated whether they displayed
high neophobia despite their captive and island history, while
hoping to provide guidance for their conservation management as
part of a reintroduction programme. ‘Alal�a were individually
repeatable in their neophobic responses and showed corvid-typical
patterns of high neophobia. Yet, their age-related patterns of neo-
phobia were opposite to those of all other bird and mammalian
species that we know have been tested across juvenile and adult or

Table 1
Results of a Cox proportional hazards model testing factors influencing the likeli-
hood of eating from the food pan

Variable b ± SE Z P

Condition_Test -3.91 ± 0.53 -4.97 <0.001
Sex_Male 0.14 ± 0.11 0.91 0.364
Site_MBCC 0.17 ± 0.10 1.02 0.310
Alone_Yes -0.02 ± 0.13 -0.11 0.915
Age_Adult 0.45 ± 0.15 2.23 0.025
Condition_Test*Sex_Male 0.30 ± 0.20 1.25 0.213
Condition_Test*Alone_Yes -0.06 ± 0.21 -0.28 0.780
Condition_Test*Age_Adult 2.22 ± 0.53 2.84 <0.001

Terms in bold are significant (P < 0.05). The control condition was the reference
category for all trial conditions. Age was a categorical variable, broken down into
juvenile (� 3 years) and adult (> 3 years).
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subadult life stages (Bergman & Kitchen, 2009; Crane & Ferrari,
2017; Mata et al., 2013; Miller et al., 2015; O'Hara et al., 2017;
Sherratt & Morand-Ferron, 2018).

Corvids are notoriously neophobic (Brown & Jones, 2016;
Greggor et al., 2016a), and neither captivity nor the island envi-
ronment has erased this trait in ‘alal�a. The level of neophobia even
in the less-fearful adult birds (with only half eating from the food
bowl in 60 min) far exceeds object neophobia ranges reported in
other species’ groups. For example, in tests of primates (Bergman &
Kitchen, 2009; Gustafsson, Saint Jalme, Bomsel, & Krief, 2014),
carnivores (Benson-Amram et al., 2013) and other passerines
(Griffin & Diquelou, 2015), all individuals are routinely reported to
approach or interact with novelty in ranges of tens of seconds
(Bergman & Kitchen, 2009) to tens of minutes (Benson-Amram
et al., 2013; Griffin & Diquelou, 2015; Gustafsson et al., 2014),
instead of the large failures to approach after 1 h or longer as some
wild corvid studies have noted (Greggor et al., 2016a, 2017).

A goal of the conservation breeding programme for ‘alal�a has
been to keep the birds as wild as possible (Greggor et al., 2018). By
minimizing contact with humans and keeping enclosures and
enrichment as ecologically valid as possible, the hope has been that
domestication effects could be minimized. Such measures are
especially warranted for ‘alal�a because the risk of dulling neophobia
responses in captivity may be higher for species such as corvids that
have a slow life history and a high propensity for social learning
(Forss et al., 2017). Although there are no baseline neophobia mea-
sures for ‘alal�a prior to captive breeding, our results suggest that on
one metric at least, captivity has not interfered with this corvid-

typical trait. Additionally, despite evolving in an island environ-
ment without ground-based predators (Banko et al., 2002) or
poisonous prey, ‘alal�a show no signs of relaxed selection for neo-
phobic responses, as might be expected (Mettke-Hofmann et al.,
2002). While future research with direct comparisons between is-
land andmainland corvid species would better resolve this issue, the
responses of ‘alal�a provide a potential exception to neophobia theory
that neophobic responses are tied to dangers in the environment
(Greenberg & Mettke-Hofmann, 2001; Mettke-Hofmann, 2014).

Contrary to our expectations, we found that juveniles were twice
as neophobic as adults. According to prevailing theory about the
evolutionary pressures that promote neophobia, our results suggest
that juvenile ‘alal�a may have been relatively more vulnerable than
adults to threats present during their island-based evolutionary
history. Mathematical models predict that juveniles exposed to
greater risk from novelty would exhibit higher neophobia than
adults (Sherratt & Morand-Ferron, 2018), which mirrors the pattern
we found. Such is the case in a number of fish, where neophobia
towards novel scents helps shape predatory learning during
vulnerable juvenile periods (Crane & Ferrari, 2017). Historically,
aerial predators (e.g. a number of raptor species) were the main
threat to young ‘alal�a. Fledglings in the wild were known to
cautiously remain under vegetative cover for several months after
leaving the nest to avoid this danger (Banko et al., 2002). Therefore,
high neophobia after fledging may have also been advantageous;
however, it is unclear why this pattern seems to continue
throughout the juvenile development, well after birds would be
proficient fliers. As a point of comparison, other corvid species, such
as carrion crows, Corvus corone, and common ravens, Corvus corax,
show the greatest levels of object exploration during the juvenile
period compared to fledging and other life stages (Miller et al., 2015).

Other factors could also contribute to the developmental
decrease in neophobia that we documented. Perhaps developmental
changes in other cognitive and physical abilities that occur around
sexual maturity at 3e4 years of age, such as the ability to use tools
(Rutz et al., 2016), are related to the expression of neophobia.
Alternatively, an adjustment to captivity over individual birds’ lives
could be responsible for the observed age effects in neophobia.
Regardless of the causal factors, the unexpectedly high juvenile
neophobia reveals that the development and expression of neo-
phobic tendencies can be challenging to predict in untested species.

Predicting neophobia may be crucially important for conserva-
tion programmes that transition captive-bred animals to the nov-
elty of the wild. Novelty is a defining characteristic that all
translocated animals experience, creating challenges to trans-
location success that can best be addressed with targeted behav-
ioural research (Dickens, Delehanty, & Romero, 2010; Parker et al.,
2012; Swaisgood, 2010). Since neophobic expression can vary by
species, knowledge about neophobia may need to be applied on a
case-by-case basis to aid in species recovery. For example, effec-
tively harnessing neophobia to guide translocation strategies in the
highly neophobic ‘alal�a requires understanding how to deactivate
neophobia towards advantageous novelty (e.g. native fruits), while
maintaining neophobia towards dangerous novelty (e.g. predators)
for improving prerelease training. Our results suggest that ‘alal�a
may need tailored exposures, based on age, with younger birds
requiring a longer training period for beneficial novelty and a
shorter training period for dangerous novelty. However, true
evidence-based applications of these principles require additional
research with the food and predatory stimuli used in training,
because neophobia can differ towards objects and predators
(Carter, Marshall, Heinsohn, & Cowlishaw, 2012; Greggor, Jolles,
Thornton, & Clayton, 2016b). To maximize potential applications
of neophobia, future work should also examine the relationship
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Figure 2. Influence of age on neophobic responses. Plots depict inverted survival
curves, showing the likelihood over time that (a) juveniles (N ¼ 24 individuals) and (b)
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between responses towards novelty associated with translocations
(e.g. novel spatial environments).

Additionally, knowledge of developmental patterns of neo-
phobia could assist in the selection of suitably aged animals for
release, to better target ages where novelty responses will aid
survival in a novel environment. For example, juvenile ‘alal�amay be
better release candidates than adults if their higher neophobia
makes them more alert and cautious when exploring their new
forest home. Inappropriate levels of neophobia can govern the
decision of translocated animals to disperse away from the release
site, placing them at higher risk of mortality (Stamps & Swaisgood,
2007). For the ‘alal�a reintroduction programme, anchoring to the
release site is also highly important to facilitate intensive post-
release monitoring and supplemental feeding. Currently it is un-
clear what level and pattern of neophobia are most beneficial for
‘alal�a survival postrelease but considering the age-structured na-
ture of neophobic expression will help evaluate the outcomes of
releases of different ages.

Many Hawaiian birds are in perilous decline, and translocation
efforts are a management priority for saving them (Paxton, Laut,
Vetter, & Kendall, 2018). While an understanding of neophobia only
applies to some components of the translocation process, prerelease
training and behavioural assessments of release candidates can be
integral to success (Shier, 2016). ‘Alal�a have proven unique among
birds and mammals in their expression of neophobia as they age,
which highlights the value of measuring endangered species’
behaviour. Even small improvements in training and release out-
comes from such insight couldmake the difference for their recovery.
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Appendix

Table A3
Results of a Cox proportional hazards model testing factors influencing the likelihood of eating from the food pan

b ± SE Z P

Condition_Test -2.38 ± 0.3 -8.93 <0.001
Sex_Male 0.15 ± 0.11 0.97 0.333
Site_MBCC 0.32 ± 0.1 1.84 0.065
Alone_Yes 0.08 ± 0.13 0.53 0.599
Age 0 ± 0.01 -0.09 0.925
Test_set 0.07 ± 0.06 1.52 0.128
Condition_Test*Sex_Male 0.21 ± 0.2 0.9 0.368
Condition_Test*Alone_Yes -0.16 ± 0.22 -0.73 0.468
Condition_Test*Age 0.08 ± 0.02 5.38 <0.001
Condition_Test*Test_set -0.01 ± 0.1 -0.09 0.926

Test set number and its interaction with the test condition were included as variables in the analysis. Terms in bold are significant (P < 0.05). Age
was a categorical variable, broken down into juvenile (� 3 years) and adult (> 3 years).

Table A2
Results of a Cox proportional hazards model testing factors influencing the likelihood of eating from the food pan during test conditions only

b ± SE Z P

Object_type2 0.13 ± 0.2 1.01 0.315
Object_type3 -0.08 ± 0.2 -0.59 0.556
Object_type4 -1.01 ± 0.72 -1.49 0.135
Sex_Male 0.42 ± 0.2 1.76 0.078
Site_MBCC 0.12 ±0.2 0.52 0.604
Alone_Yes -0.09 ± 0.2 -0.38 0.703
Age_Adult 2.69 ± 0.5 3.23 0.001

Object type was included as a factor in the analysis. Term in bold is significant (P < 0.05). Age was a categorical variable, broken down into juvenile
(� 3 years) and adult (>3 years). An additional model was run, excluding the repeated trial 4 to determine whether there was an interaction
between object type and presentation order; this was not significant.

Table A1
Social housing condition during testing

Housing condition No. of birds No. of aviaries

Singly housed 39 39
Housed with opposite-sex pair 54 27
Housed in small, same-age groups (3e4 individuals) 11 3
Housed in family group (2 adults, 1 chick) 2 juveniles
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Figure A1. Similarities between responses of puppet- and hand-reared birds, based on age. The mean (± SE) time birds took to eat (s) for (a) juveniles and (b) adults, across both
experimental conditions, is shown. Sample sizes for each rearing method in each age class are given in parentheses. They reflect bird numbers after the removal of one juvenile, a puppet-
reared bird, which was excluded from the main analysis because it did not come to feed in either condition and was therefore deemed not to be motivated to use the food pan.
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Figure A2. (a) Goodness of split versus multivariate survival tree (MST) complexity. Tree complexity refers to the total number of terminal nodes in a tree. (b) The final MST pruned
using a ¼ log(n0). Splits were based on experimental condition (control versus object test) and age (± 3 years). KaplaneMeier curves are plotted under each terminal node. An
additional split under the control condition based on ± 2 years of age occasionally occurred when running the MSTmodel using the bootstrap selection method. There were no clear
differences in the KaplaneMeier curves produced by the additional split, suggesting it was likely to be an artefact of random data partitioning; thus, we decided against presenting it
here.
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