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There is growing recognition that variation in animal personality traits can
influence survival and reproduction rates, and consequently may be impor-
tant for wildlife population dynamics. Despite this, the integration of
personality research into conservation has remained uncommon. Alongside
the establishment of personality as an important source of individual vari-
ation has come an increasing interest in factors affecting the development
of personality. Recent work indicates the early environment, including
natal nutrition, may play a stronger role in the development of personality
than previously thought. In this study, we investigated the importance of
three personality metrics (activity, boldness and acclimation time) for esti-
mating survival of a threatened species, the hihi (Notiomystis cincta), and
evaluated the influence of early natal nutrition on those metrics. Our results
showed that boldness (as measured from a one-off cage test) had a positive
effect on the probability of juvenile hihi surviving to adulthood. There was
also a tendency for juveniles that received carotenoid supplementation in the
nest to be bolder than those that did not, suggesting that the early environ-
ment had some influence on the expression of boldness in juvenile hihi.
Linking the development of personality traits with ultimate effects on vital
rates may benefit conservation management, as it could enable developmen-
tally targeted management interventions. To our knowledge, this study is
the first to identify potential linkages between early natal nutrition,
personality and fitness in a wild-living population.

This article is part of the theme issue ‘Linking behaviour to dynamics of
populations and communities: application of novel approaches in behavioural
ecology to conservation’.

1. Introduction

In recent years, it has become recognized that measured personality traits may
reflect individual variation in vital rates, i.e. survival, reproduction and disper-
sal [1-4]. An understanding of individual variation in behaviour can therefore
potentially improve our ability to understand and predict population dynamics.

Alongside this expanding literature linking individual behaviour with vital
rates, there has been a growing interest in the development of personality [5].
The early natal environment is of critical importance to a wide range of life-
history parameters [6-9], and there is evidence that early development can
alter the development of personality [10]. Nutrition is an important component
of the natal environment and phenotypic traits such as personality may be
sensitive to nutritional conditions [11]. Several studies have now reported a
link between personality traits and the early environment [12,13], in particular
early nutrition. For example, nestling female zebra finches (Taeniopygia guttata)
fed a low-quality diet were found to engage in exploratory and foraging behav-
iour more quickly than those fed a high-quality (protein enriched) diet [14].
Another study [11] similarly manipulated early micronutrient availability in
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zebra finches, finding this to affect neophobia and handling
response in both sexes, with sex-specific effects on boldness
and aggression. Neither study, however, investigated later
life-history effects of this early diet manipulation.

Despite the growing evidence that vital rates can be affected
by personality, which can, in turn, be influenced by early nutri-
tion, research linking these three components has been lacking
to date. Connecting these aspects may be useful to wildlife con-
servation because it provides a means to not only improve our
understanding of the demography of threatened populations
but also to improve our ability to effectively manage those popu-
lations through a better understanding of the mechanisms
driving variation in vital rates. The value of connecting animal
personality and applied conservation is well recognized
[15,16] but remains underused [17].

We attempt to bridge this frequently cited disconnect
between basic and applied research [16] by examining the
importance of personality metrics for estimating survival of
a threatened species. We investigate the role of early natal
nutrition in shaping demographically important behavioural
differences among individuals and consider the management
implications of our findings.

We evaluated the influence of three personality metrics
on survival up to 3 years post-fledging for a threatened
forest passerine, the hihi (Notiomystis cincta). Hihi were once
found throughout the northern parts of New Zealand, but
by the late 1800s they had become restricted to a single off-
shore island (Hauturu). Hihi have since been reintroduced
to seven sites and all extant reintroduced populations cur-
rently rely on the provision of supplementary sugar water.
Previous research found no detectable effect of neonatal sup-
plementary feeding in hihi juvenile survival from fledging to
breeding age [18]. In this study, we investigated whether
there might be an indirect effect of natal nutrition on survival
via a behavioural pathway. To do this, we used experimental
supplementation of protein and carotenoids (potential sup-
plemental feeding options) to examine the effect of natal
nutrition on personality metrics and tested whether these
metrics were useful for predicting survival. Carotenoids are
important biomolecules only obtained through dietary
means and have previously been linked to a range of health
benefits in hihi [19-22] and other species, including
humans (e.g. [23]). In addition, some studies have demon-
strated links between carotenoids and behavioural metrics
[24-27], yet none have experimentally assessed the role
of early carotenoid availability in the later expression of
behaviour or long-term survival.

Our study followed free-living individuals throughout
their lives, enabling the influences of experimental neonatal
nutritional treatments on behaviour and survival to be
tracked at later life-history stages.

2. Material and methods

(a) Study site and species

The hihi was reintroduced to Tiritiri Matangi Island (36°36'S,
174°53' E, 220 ha, hereafter Tiritiri) in 1995. The island now sup-
ports approximately 100 breeding pairs and is intensively
managed through the provision of supplementary food (sugar
water) and nest-boxes [28]. Breeding activity is intensively mon-
itored, and all nestling hihi are colour banded in the nest at 21
days of age. Juveniles fledge at approximately 30 days old and

reach independence at one to two weeks post-fledging. Hihi n

become sexually mature and breed in their first year. Island-
wide resighting surveys are carried out in September and
February each year (pre- and post-breeding), when the identities
of all hihi seen are recorded. Hence, a comprehensive sightings
database exists.

(b) Personality testing

Ninety-seven juvenile hihi (56 males and 41 females) of known
parentage were personality tested between 25 February and 23
March 2011 after capture in mist nets. Thirty-eight of these
birds were recaptured and translocated to another site in April
2011 [29], and 35 of the other 61 birds were known to survive
to their first breeding season (September 2011). Most (80) of
the birds tested were from first clutches (94-134 days post-
hatching when tested), with the remainder from second clutches
(41-65 days post-hatching).

Traditional assays of personality generally involve a period
of captivity (e.g. [30,31]) and repeated observations in different
contexts to characterize consistency in behaviour. However,
this is not always possible or preferable when working with
wild populations and particularly with threatened species
where handling should be minimized. We developed a method
refined from these traditional assays that took 10—15min per
bird and enabled us to obtain three personality metrics. We
note that these metrics were obtained at a single point in time
under specific circumstances, but do not necessarily reflect
an individual’s personality—rather they provide a personality
proxy obtainable with minimal handling and stress to individuals
of a threatened species.

We tested birds in a specifically designed cage (150 x 50 x
50 cm) similar to that used in captive tests, with a removable
divider across the middle modified from that used in another
study [31]. Each end of the cage had three perches (two low
and one high), and vegetation (a mixture of natural fern fronds
and some artificial vegetation) was placed around the side and
back edges of the cage. The cage was made from plywood
except for the front which was covered with wire mesh; this
enabled observation from one side, as well as enabling the obser-
ver (KM.R\) to approach without being seen from the side or
back. Each end had a small hole that could be opened to allow
the bird to escape, and the front side had two large opening
doors.

The cage was set up daily near the mist net site (within 50—
100 m). Once captured, birds were promptly removed from the
mist net and transferred into a black bird bag, weighed and
then removed from the bag by hand. The bird was then released
into the cage via the escape hole, and the observer would move
out of sight. After 5 min, the observer would approach the cage
from the back and remove the central divider. After another
5 min, the escape hole on the opposite side to the bird was
opened. If the bird still remained after 5 min, the front doors
would be left open until the bird left.

All tests were filmed using a Canon SX20 camera. This
footage was used to calculate the following personality metrics:
(i) activity score: the number of movements (hops or flights)
made by the bird in the first 5 min in the cage, (ii) boldness:
the latency (seconds) of the bird to move to the ‘novel’ side of
the cage after removal of the divider, and (iii) acclimation time:
the time between release into the cage and the first body
shake. We devised this last measure after noting considerable
variation in initial behaviour in the cage. Most birds underwent
an initial, but highly variable, high movement phase when first
placed inside (presumably an attempt to escape), but would
then settle onto one of the perches, shake and ruffle their body
feathers, and then sit still and survey the surroundings briefly
before resuming movement.
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(c) Natal nutrition experiment

In total, 287 nestlings from 84 first-clutch nests underwent sup-
plementary feeding. Full details on the experimental treatment
is provided in [18]. Eighty first-clutch individuals were sub-
sequently caught for personality testing, creating four
treatment groups of similar size (19 N+C+, 21 C+N—, 19
N+C—, 21 C—N-), with N+ nestlings fed a high protein diet-
ary supplement (Wombaroo™ Lorikeet and Honeyeater Food,
Wombaroo Food Products, Glen Osmond, SA, Australia), and
N-— a control supplement (sugar water, known to be fed to nest-
lings by parents [22]). Wombaroo was found to slightly increase
fecundity (by 5%) in another hihi population [32]. C+ nestlings
received the sugar water supplement enhanced with carotenoids
(lutein and zeaxanthin in the form of OroGLO® liquid; Kemin
Industries, Des Moines, IA, USA) and C— without. Lutein and
zeaxanthin are associated with yellow feather pigmentation in
hihi, and their ratio in OroGLO liquid is similar to these caroten-
oids natural ratio in the circulating plasma of the species [33].
Nestlings were fed every second day between 4 and 20 days of
age. The volume fed (0.2-3.0 ml) was dependent on age and
was estimated to comprise around 5-10% of a hihi nestling’s
daily intake [34]. Second clutch nestlings did not receive any sup-
plementary feeding. All first-clutch nestlings within a brood
shared the same nutritional treatment (N+ or N—), but caroten-
oid treatment was applied alternately down the pre-treatment
weight ranking, with treatment group randomly assigned to
the heaviest nestling in the brood (mean brood size = 3.63,
s.d. = 0.93).

(d) Data analysis
We modelled the data using OPeNBUGS v.3.2.3, which uses
Markov chain Monte Carlo techniques to fit Bayesian hierarchical
models [35]. This approach allowed multiple random effects to
be modelled and enabled imputation of missing values where
these were present (between 2 and 5% of individuals for
each personality metric, primarily owing to camera or mechanical
failure during testing) by sampling from either a normal or
Bernoulli distribution as appropriate [36]. We used uninforma-
tive priors for all fixed effects (normal distribution with
mean 0 and precision 0.01) and hyper-parameters (uniform
distribution from 0 to 2). Models were run with two chains
for up to 200000 iterations with an initial burn-in of 10000
samples after checking convergence by examining the chains
and autocorrelation plots.

We modelled hihi survival up to 3 years post-fledging using
a state-space formulation of the Cormack-Jolly—Seber (CJS)
model, with survival and detection probabilities modelled with
logit link functions and Bernoulli error distributions [37]. Using
this formulation, the state (alive or dead) of each individual is
modelled as a missing value for each survey after it was last
seen [37,38]. Fledglings entered the encounter history in March
2011 and were considered juveniles until the pre-breeding
survey in September 2011. Individuals were considered adults
for the six surveys (pre- and post-breeding) carried out over
three breeding seasons (2011/2012, 2012/2013 and 2013/2014).
An additional ‘survey’ was included in April 2011 when 38
juveniles were removed for translocation. Here, the harvested
individuals were recorded as alive at the time of translocation,
and the state of each remaining individual was modelled as a
missing value because a resighting survey was not undertaken
at that time. The model was coded so that the survival of trans-
located individuals was not estimated for the post-harvest
intervals. Thus, the encounter history comprised eight encounter
occasions for 97 individuals.

We initially created a survival model that included all par-
ameters that we considered may affect survival. This model
included fixed effects of activity, boldness and acclimation time
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Figure 1. Estimated survival probabilities from fledging to recruitment for
shy and bold juvenile hihi on Tiritiri Matangi Island.

applied separately to juvenile and adult survival, and fixed
effects of sex and clutch applied across both age classes. We
included mother of the individual as a random effect to account
for the lack of independence among siblings. Detection was mod-
elled with a fixed effect of sex on detection probability because
males are more vocal and conspicuous than females and
therefore expected to have higher detection probabilities. The
detection model also included a random time effect on detection
probability, meaning variation in detection probability among
surveys was accounted for. Boldness displayed a distinctly bimo-
dal distribution so we rescored this to 0 (did not move to novel
side (=shy)) or 1 (did move to novel side (=bold)). We used stan-
dardized z-scores for acclimation time and activity score after
doing square root transformations to improve normality. Spear-
man rank-order tests on the three personality metrics showed
no correlation between acclimation time and activity (—0.03) or
boldness (0.02), and a weak-moderate correlation between
activity and boldness (—0.44).

The next phase of our analysis was to investigate the effects
of natal nutritional treatment on any personality metric
identified as being a ‘significant’ predictor of hihi survival
(i.e. effect(s) where 95% credible interval (CRI) excluded zero).
To do this, we reduced the CJS model by removing ‘insignificant’
effects (i.e. 95% CRI overlapping zero) and integrated this
reduced CJS survival model with a logit-linear model estimating
the effects of protein and carotenoid supplementation on person-
ality metrics important for survival. This integrated model
structure enabled us to derive estimates of indirect effects of nutri-
tional supplementation on survival through effects on personality
while accounting for uncertainties in all parameters. We included
an effect of treatment in order to distinguish birds used as controls
in the feeding experiment (i.e. given sugar water without caroten-
oids or protein) from those that had not been treated at all (but
which received sugar water from their parents).

Finally, we examined the direct effect of nutritional sup-
plementation on hihi survival by including nutritional treatment
in the reduced CJS model, so that personality and nutrition were
competing fixed effects on survival.

3. Results

We found a clear effect of boldness on juvenile hihi survival
probability (95% CRI=1.73, 26.02), with bolder fledglings
experiencing a higher probability of surviving to adulthood
than shy fledglings (figure 1; parameter b.bold.phijuv in
table 1). There was also a tendency for juveniles with
higher activity scores to have lower survival to adulthood
(parameter b.act.phi.juv in table 1), but the effect was uncer-
tain (95% CRI included zero; —13.18, 0.02). There was no

evidence that adult hihi survival probabilities were
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Table 1. Posterior means, standard deviations and 95% credible intervals for effects (logit link) of personality traits (acclimation time, activity score and
boldness) measured in juvenile hihi on their subsequent annual survival on Tiritiri Matangi Island. (Data were fitted to a modified version of the (JS model that
combines generalized linear mixed models for survival and detection probability. The survival model included fixed effects of sex, age (juvenile versus adult),
clutch (first versus second) and personality traits, with the mother of the bird included as a random effect. The detection model included a fixed sex effect and
random time effects (i.e. random variation in detection probability among surveys). LCL, lower credible limit; UCL, upper credible limit.)

parameter meaning

a.phi survival intercept (logit of annual adult female survival probability) —0.428 1.049 —2398 1.613
b.sex.phi effect of sex (male) on sufvival probability ‘ —0.142 0.760 ‘ —1.608 1.158
b.age.phi effect of age (juvenile) on survival probability 2.218 4.250 —3.292 13.410
b.clutch.phi effect of clutch (second)‘o‘n survival probability 0.488 0.768 ‘ —1.022 1.933
b.acc.phi.juv effect of acclimation time on juvenile survival probability —3.695 4.603 —13.360 4.958
b.acc.phi.ad effect of acclimation time on adult survival probability 0.458 0.469 —0437 1.449
b.act.phi.juv effect of activity score on juvenile survival probability —5.154 3.675 —13.180 0.022
b.act.phi.ad effect of activity score on adult survival probability 0.068 0.432 —0.810 0.915
b.bold.phijuv effect of boldness on juvenile survival probability 11.880 6.433 1.731 26.020
b.bold.phi.ad effect of boldness on adult survival probability 0.730 0.908 —1.017 2.596

Table 2. Posterior means, standard deviations and 95% credible intervals for indirect effects (logit link) of protein (N) and carotenoid (C) supplementation to
hihi nestlings on their subsequent annual survival owing to changes in boldness. (Here, the (S model described above (table 1) was simplified by removing
insignificant factors (b.sex.phi, b.clutch.phi, b.accphijuv, b.accphi.ad, b.act.phijuv and b.act.phiad) and integrated with an additional logit-linear model
estimating the effects of nestling nutritional supplementation on the probability of the bird being scored as bold. The parameter ‘b.feed.bold’ is included to
distinguish birds used as controls in the feeding experiment (i.e. given sugar water without carotenoids or protein) from those that had not been treated at all
(but which received sugar water from their parents). The indirect effects shown in the lower part of the table are derived from the main effects shown in the

upper part. LCL, lower credible limit; UCL, upper credible limit.)

parameter meaning mean s.d. LCL ucL

a.phi survival intercept (logit of annual adult survival probability) —0.002 0.547 —1.055 1.097
b.age.phi effect of age (juvenile) on survival probability —1.035 0.910 —2813 0.728
b.bold.p'hi.juv effect of boldness on juvénile sunvival probability' 3728 451 083 16.820
b.bold.phi.ad effect of boldness on adult survival probability 0.373 0.653 —0916 1.668
“abold boldness intertept v(Iogit of probability of bird being bold) —0215 0512 —1236 0.782
b.feed.bold effect of nestling feeding on probability of boldness 0.782 0.663 —0.508 2.090
bChold effect of C subplementation on probability of boldness 0.929 0551 -0 2.056
b.N.bold effect of N supplementation on probability of boldness —0.071 0.530 —1.107 0.971
b.C.phijuv indirect effect of C supplementation on juvenile survival probability 0.688 3.843 —5.244 11.290
b.C.phi.ad indirect effect of C supplementation on adult survival probability 0.065 0.487 —1.018 1.293
b.N.phi.juv indirect effect of N supplementation on juvenile survival probability —0.040 4145 —9.945 9.723
b.N.ad indirect effect of N supplementation on adult survival probability —0.003 0.520 —1.224 1.212

influenced by any of the three personality metrics included in
our analysis or that sex or clutch affected survival (table 1).
We found a potential link between carotenoid supplemen-
tation and the probability of boldness (i.e. the probability an
individual was assigned a boldness score of 1) in hihi. Caroten-
oid supplementation was estimated to increase the probability
of boldness from 0.63 for control-treated birds (N—C—) to 0.80
(based on parameters a.bold, b.feed.bold and b.C.bold in
table 2), but this effect was uncertain (95% CRI= —0.12,
2.06 for parameter b.C.bold). Integrating this analysis with
the effect of boldness on survival (table 2) showed that caro-
tenoid supplementation did not have a significant effect on
juvenile survival (95% CRI= —524, 11.29 for parameter

b.C.phijuv). Although carotenoid supplementation was
estimated to increase juvenile survival probability from 0.73
(control treatment) to 0.79 owing to the higher probability of
boldness, this indirect effect was highly uncertain owing to
the combined uncertainties in all parameters. There was no
indication of any effect of protein supplementation on any of
the personality metrics or on juvenile or adult survival (95%
CRIs all included zero), so this effect was not considered
further.

When carotenoid supplementation was included in the
CJS model as a competing fixed effect with boldness, there
was no indication that nestling supplementation of caroten-
oids had a direct effect on their survival as adults (95%
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Table 3. Posterior means, standard deviations and 95% credible intervals for direct effects (logit link) of carotenoid supplementation versus boldness on annual [}
survival of hihi. (Here, the effects of carotenoid supplementation were added as fixed factors to the simplified (JS model (table 2). LCL, lower credible limit;
UCL, upper credible limit.)

parameter meaning

a.phi survival intercept (logit of annual adult survival probability) —0.133 0.610 —1.369 1.067
b.age.phi effect of age (juvenile) on survival probability —1.006 1312 =373 1.523
b.bold.phi.ad effect of boldness on adult survival probability 0.473 0.654 —0.813 1.751
b.bold.phi.juv effect of boldness on juvenile survival probability 431 4.739 0.083 18.100
b.C.phi.ad effect of carotenoid supplementation on adult survival probability 0.126 0.578 —0.980 1.243
b.C.phijuv effect of carotenoid supplementation on juvenile survival probability 2.626 4.286 —1.705 15.580

CRI= —0.98, 1.24). We found that carotenoid supplemen-
tation was associated with higher juvenile survival, but this
effect was uncertain (95% CRI= —1.71, 15.58). The effect of
boldness on juvenile survival remained significant (95%
CRI excluded zero, table 3).

4. Discussion

There is growing recognition that personality may contribute
to population-level processes and can therefore be relevant to
models of population dynamics [16]. This increasing aware-
ness of the direct link between behaviour and vital rates
has coincided with an expanding literature on the develop-
ment of animal personality that examines the role of the
early environment (e.g. [11,39,40]). Here, we aimed to form
a connection between these two fields of research by inves-
tigating the influence of personality metrics on survival of
a threatened species and evaluating whether natal nutri-
tion played a role in shaping demographically important
personality traits.

As in other studies [1,41], we found a relationship
between personality traits of juveniles and their subsequent
survival. Our results showed that while the survival of
adult hihi was not significantly affected by any of the person-
ality metrics we examined, hihi scored as bold experienced a
higher probability of surviving to adulthood than those
scored as shy. Previous research on rodents has similarly
found that neophobic (shy) individuals had significantly
lower survival than their neophilic (bold) counterparts
[42,43]. Cavigelli and McClintock [42] found that neophobic
rats had a greater hypothalamic—pituitary—adrenal axis
response to novelty. This greater response was identified as
a potential mechanism for reduced longevity through associ-
ated effects on health and physiology. Other physiological
links, such as variation in the oxidative costs associated
with personality traits (e.g. [44—46]), have also been explored,
although little is known about whether oxidative stress
affects survival in natural populations [47].

The association we found between higher survival and
boldness contrasts with the findings of other studies where
boldness was associated with lower survival [1]. For example,
bolder juvenile largemouth bass (Micropterus salmoides) were
found to have much lower survival than shy bass, most prob-
ably owing to differential predation-related mortality [48].
This negative association between boldness and survival is
often attributed to bolder individuals experiencing greater
vulnerability to predation as a result of being less risk-averse.

Hihi have native avian predators on Tiritiri (e.g. ruru,
Ninox novaeseelandiae), but exotic mammalian predators
such as ship rats (Rattus rattus) and stoats (Mustela ermina)
that pose the greatest threat to hihi are absent. As such, pre-
dation may not be a strong limitation on juvenile survival.
Instead, we suggest that resource limitation (e.g. territory
availability) is likely to be a key factor affecting recruitment
because the hihi population is at a relatively high density on
Tiritiri. Bolder individuals tend to be at the more proactive
end of the behavioural spectrum, meaning that they may
also be more aggressive and exploratory [41,49]. These traits
are likely to provide bolder juveniles with an advantage
when establishing a territory among a high density of older
conspecifics. In addition, the Tiritiri hihi population relies on
sugar water supplementation, which is provided at feeding
stations where birds are required to enter a cage-like structure
to access the feeder. As such, it is also plausible that bolder
juveniles will be more inclined to enter the feeding stations,
which could, in turn, provide them with a survival advantage
through higher energy intake. Alternatively, there could be a
physiological factor (e.g. oxidative status) underlying the
relationship. Further work is required to understand the
mechanism by which boldness increases juvenile hihi survival
to recruitment.

In line with recent suggestions that the early environment,
particularly nutrition, plays a role in the development (or
expression) of personality traits [11,50,51], there was some
evidence that carotenoid supplementation in the nest had a
tendency to influence boldness in juvenile hihi. Carotenoid
supplementation has been previously linked to health
benefits in a range of bird species (e.g. [52,53]). Experimental
manipulations of carotenoid availability in adults of two con-
generic waterfowl (Anas spp.) showed an effect on
exploratory behaviour [24]. Here, carotenoid availability in
the nest may have affected boldness, with hihi that received
a carotenoid supplement as nestlings tending to be bolder
as juveniles. As discussed above, we found that bold individ-
uals had higher juvenile survival probabilities. The effect of
carotenoids on survival both directly and indirectly (through
their effect on probability of boldness) was very uncertain,
although there was a tentative indication that carotenoid
supplementation could be associated with higher juvenile
survival.

One limitation of our study was our inability to obtain
repeated observations of behaviour for the individuals that
underwent personality testing, as hihi is a wild-living threa-
tened species and handling/stress needs to be minimized.
This meant that the data we collected could only be
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considered a personality metric (i.e. a proxy for personality)
rather than a personality trait linked to consistent individual
behaviour. Nevertheless, the ability to collect snapshot data
that are useful for making predictions for threatened popu-
lations, as was achieved here, is inherently valuable from
both a population and resource perspective. Indeed, we
suggest that personality metrics for threatened species
would ideally require no handling or intervention for the ani-
mals involved.

Supplementary feeding is one of the primary manage-
ment actions implemented to support reintroduced hihi
populations. Given our results suggest that carotenoid
supplementation may have positive implications for hihi sur-
vival, it is now possible for managers to make an informed
decision about the merit of adding carotenoids to sugar
water throughout the breeding season and also understand
the uncertainty around the effectiveness of this management
action (table 3). Considering this decision in a structured-
decision making framework [54] will enable managers to
identify whether this management action will help achieve
the identified management objectives for the population
(including weighing up expected benefits to the population
with financial costs and parameter uncertainty).

The potential for behavioural research to improve our
understanding of wildlife populations has led to increasing
calls for behavioural ecology to be better integrated into con-
servation management [15,17]. However, awareness of the
importance of behaviour has seldom been translated into rel-
evant management tools [17] resulting in an ongoing
disconnect between behavioural ecology and conservation
management. Our study helps to bridge this divide by exam-
ining the survival consequences of personality in a wild-
living population and experimentally manipulating natal
nutrition to assess the influence of supplementary feeding
treatments on personality and, ultimately, survival. Under-
standing such links between early environment, behaviour

and vital rates enables informed consideration of management
actions based on behavioural research.

Personality testing was carried out under a High Impact
Research Permit from the New Zealand Department of Conservation
(AK-30463-FAU) and with approval from the Massey University
Animal Ethics Committee (11/02). In addition, approved methods
were assessed and refined in the field to minimize or eliminate any
potential adverse effects to individual animals, as noted above. The
nestling nutritional experiments were carried out under a High
Impact Research Permit from the Department of Conservation
(AK-24128-FAU), with animal ethics permission from the Zoological
Society of London.

Dataset is provided in the electronic supplementary
material, table S1.
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