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Abstract

Although animal personality research may have applied uses, this suggestion has yet to be
evaluated by assessing empitical studies examining animal personality and conservation. To
address this knowledge gap, we performed a systematic review of the peer-reviewed liter-
ature relating to conservation science and animal personality. Criteria for inclusion in our
review included access to full text, primary research articles, and relevant animal conserva-
tion or personality focus (i.e., not human personality studies). Ninety-two articles met these
criteria. We summarized the conservation contexts, testing procedures (including species
and sample size), analytical approach, claimed personality traits (activity, aggression, bold-
ness, exploration, and sociability), and each report’s key findings and conservation-focused
suggestions. Although providing evidence for repeatability in behavior is crucial for per-
sonality studies, repeatability quantification was implemented in only half of the reports.
Nonetheless, each of the 5 personality traits were investigated to some extent in a range
of conservations contexts. The most robust studies in the field showed variance in how
personality relates to other ecologically important variables across species and contexts.
Moreover, many studies were first attempts at using personality for conservation purposes
in a given study system. Overall, it appears personality is not yet a fully realized tool for con-
servation. To apply personality research to conservation problems, we suggest researchers
think about where individual differences in behavior may affect conservation outcomes in
their system, assess where there are opportunities for repeated measures, and follow the
most current methodological guides on quantifying personality.

KEYWORDS
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Resumen

Aunque la investigacién sobre la personalidad animal puede tener usos aplicados, esta prop-
uesta aun no ha sido evaluada mediante el anélisis de estudios empiricos que examinan la
personalidad animal y la conservaciéon. Realizamos una revision sistematica de la literatura
revisada por pares relacionada con las ciencias de la conservacion y la personalidad ani-
mal para abordar este vacio en el conocimiento. Los criterios para la inclusién dentro de
nuestra revision incluyen el acceso al texto completo, articulos de investigacién primaria y
un enfoque relevante en la conservacién animal o en la personalidad (es decir, no estudios
sobre la personalidad humana). Noventa y dos articulos cumplieron con estos criterios y
de ellos resumimos los contextos de conservacion, procedimientos de analisis (incluyendo
el tamafio de la muestra y de la especie), estrategia analitica, caracteristicas declaradas de la
personalidad (actividad, agresion, audacia, exploracion y sociabilidad) y los hallazgos mas
importantes de cada reporte y sus sugerencias enfocadas en la conservacién. Aunque pro-
porcionar evidencias para la repetitividad en el comportamiento es crucial para los estudios
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INTRODUCTION

de personalidad, la cuantificacion de la repetitividad s6lo se implementd en la mitad de los
reportes. Sin embargo, cada una de las cinco caracteristicas de la personalidad se investi-
garon hasta cierto punto dentro de una gama de contextos de la conservacion. Los estudios
mas solidos en el campo mostraron varianza en cémo la personalidad se relaciona con otras
variables de importancia ecologica a través de las especies y los contextos. Ademas, muchos
estudios fueron los primeros intentos del uso de la personalidad con propésitos de con-
servacion en un sistema dado de estudios. En general, parece que la personalidad todavia
no es una herramienta completamente realizada para la conservacion. Para poder aplicar
la investigacion sobre la personalidad a los problemas de conservacion, sugerimos que los
investigadores piensen en donde pueden afectar las diferencias individuales en el compor-
tamiento a los resultados de la conservacion dentro de su sistema, evalien en donde hay
oportunidades para repetir medidas y sigan las guias metodologicas mas actuales sobre la
cuantificaciéon de la personalidad.

PALABRAS CLAVE
caracteristicas conductuales, comportamiento animal aplicado, manejo de fauna
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field. (Beekman & Jordan [2017] critiqued these historical issues,
and other authors outlined [e.g, Briffa, 2017; Dingemanse,

After an initial focus on understanding animal behavior from
evolutionary perspectives at the species and population levels
(Tinbergen, 2005), there is growing interest in investigating ani-
mal behaviors at an individual level (Dall et al., 2004; Réale
et al., 2007; Roche et al., 20106; Sih et al., 2004), particularly the
consistency of behaviors and the ecological and evolutionary
causes and consequences of such consistency, commonly under-
stood as animal personality (Bell, 2007; Gosling, 2008; Wolf &
Weissing, 2012). In contrast to human personality studies, ani-
mal personality can only be inferred from behavior (Carter &
Feeney, 2012). This difference has led to the study of animal
personality applying many synonyms over time, including tem-
perament, coping style, behavioral syndrome, behavioral type,
and individuality (Carter et al., 2013; Gherardi et al., 2012;
MacKay & Haskell, 2015; Réale et al., 2007; Roche et al., 2016).

The multitude of terms used in early studies of personality,
alongside methodological inconsistencies, contributed to an ini-
tially confused discipline, particulatly for researchers outside the

2017; Sih, 2017; Bell, 2017] how they have been resolved in
response.) However, the field of animal personality research has
recently become more clearly defined (Dingemanse & Wright,
2020; Roche et al., 20106). A seminal review by Carter et al. (2013)
describes best practices for conducting personality research and
presents a framework built on an earlier review of animal per-
sonality research by Réale et al. (2007). Réale et al’s (2007)
review is an essential contribution to the development of the
field, providing definitions of key personality traits (Table 1)
and a list of tests used to determine personality (reproduced
in Appendix S1). Carter et al. (2013) expand on this work by
emphasizing how to measute personality and examine a pet-
sonality study for its ecological, convergent, and discriminant
validity (Table 2) and highlights potential pitfalls. Simultane-
ously, several statisticians reviewed and developed statistical
methodologies for investigating personality in animals (Cleasby
et al., 2015; Dingemanse & Dochtermann, 2013; Garamszegi,
2016; Nakagawa & Schielzeth, 2010). This body of work
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TABLE 1

Definitions of animal personality traits originally described as temperament traits in Réale et al. (2007)

Personality trait Definition

Activity General level of activity of an individual
Aggressiveness Individual’s agonistic reaction toward conspecifics
Boldness

Exploration

Sociability

Individual’s reaction to any risky situation, but not new situations; includes reaction to risky situations, such as predators and humans
Individual’s reaction to a new situation; includes behavior toward a new habitat, new food, or novel objects

Individual’s reaction to the presence or absence of conspecifics (excluding aggressive behavior)

TABLE 2
research practice (details in Carter et al., 2013)

Criteria for determining whether repeatability and validity were assessed in studies of applying personality in conservation science, as defined by best

Validity Criteria
Repeatability There is an estimate of the repeatability of the trait or traits.
Convergent validity There is a positive correlation between performance in 2 tests that are hypothesized to measure the same trait.

Discriminant
validity

Ecological,
physiological
validity

There is a negative or no correlation between performance in 2 tests that are hypothesized to measure different traits.

There is a test of the relationship between the behavioral trait and physiological or ecological traits and contexts. Physiological and
ecological traits fit into 5 defined types: reproduction, growth, health, survival, and other.

crystalized the idea that repeated measures of behaviors are
necessary for animal personality studies.

Personality diversity can have implications for the ecol-
ogy and evolution of species (Biro & Stamps, 2008; Moiron
et al, 2020; Wolf & Weissing, 2012). There is evidence
that personality influences key ecological variables, such as
survival, movement, disease, reproduction, sampling, anthro-
pogenic disturbance, habitat use, species interactions, ecological
invasions, human—wildlife conflicts, and response to environ-
mental change (Merrick & Koprowski, 2017; Wolf & Weissing,
2012). Incorporating personality into experimental biology may
improve understanding of trait evolution and ecology, as well
as help conservationists use differences in individual varia-
tion to predict, maintain, and adapt population responses to
environmental changes (Roche et al.,, 2016; Wolf & Weissing,
2012).

Conservation may benefit from incorporating animal pet-
sonality, due to its focus on mitigating threats to vulnerable
populations (Conrad et al., 2011; McDougall et al., 2006; Met-
rick & Koprowski, 2017; Soulé, 1985). For example, in reviews
of animal personality research, an often-cited application is
to help limit bias in conservation programs that trap or cap-
ture animals because there is evidence that bolder animals ate
more accessible for trapping than shyer ones (Brooker et al.,
2016; Merrick & Koprowski, 2017; Mittelbach et al., 2014;
Roche et al., 2016). Another frequently suggested application is
quantifying the personalities of conservation-dependent species
prior to their release into the wild because personalities can
be related to dispersal (Biro & Stamps, 2008; Kelleher et al.,
2018; Merrick & Koprowski, 2017; Mittelbach et al., 2014;
Smith; West et al., 2019 & Blumstein, 2008). In their review
Merrick and Koprowslki (2017) make detailed suggestions of
how personality can be applied to a multitude of different con-

servation contexts, including detection probability and capture
success, stress response, movement and space use, habitat selec-
tion, mate choice and reproductive success, parasite infections,
harvest success, anthropogenic disturbance, wildlife control,
invasive species ecology, reintroductions and translocations, and
captive conservation programs. However, in these reviews many
suggestions for how personality can be applied to conserva-
tion are based on inferences from broader personality literature,
rather than actual conservation contexts. Moreover, these sug-
gestions for applying animal personality to management build
on eatrlier debates surrounding conservation behavior that pre-
date modern understanding of best-practice animal personality
research (Buchholz, 2007; Caro, 2007; McDougall et al., 2000).
Conservation is a multidisciplinary science that includes
species-specific breeding programs, population biology, interna-
tional law, and community group organization (Griffiths & Dos
Santos, 2012) (Appendix S2). Conservation practitioners often
have a minimal margin of error in designing and implementing
interventions (Snyder et al., 1995; Soulé, 1985). Any diversion
of resources into a strategy with unknown outcomes could
have devastating consequences, risking detrimental impacts on
intended conservation goals, stakeholder involvement, contin-
ued funding, or even economic and political support (Catalano
et al., 2019; Shaw et al., 2021; Soulé, 1985). Conservationists
considering incorporating animal personality in management
interventions could easily take a misstep if they have access
only to outdated terminology and methodological approaches
(Buchholz, 2007; Caro, 2007; Carter et al., 2013; McDougall
et al,, 20006; Réale et al., 2007). The initial lack of a unified
framework or terminology in animal personality research may
have made the field inaccessible to some (Beeckman & Jor-
dan, 2017; Jungwirth et al., 2017). A recent editorial in Frhology
by Dingemanse and Wright (2020) provides a consensus on
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measuring personality; thus, the state of previous personality
research remains questionable. Exacerbating all the problems,
the extent to which animal personality has been incorporated
into conservation has yet to be quantified. Instead, most reviews
highlight only a handful of positive examples (Brooker et al.,
2016; Kelleher et al., 2018; Mittelbach et al., 2014; Roche et al.,
2016; Wolf & Weissing, 2012). To ensure that conservationists
looking to incorporate personality in their practice make the
most of the resources at their disposal, it is imperative to eval-
uate the extent to which animal personality and conservation
have already been integrated and to define best practices for
such studies.

To evaluate how animal personality has been incorporated
into conservation biology and provide a practical entry point for
conservationists interested in incorporating personality in their
management decisions, we performed a systematic review fol-
lowing the Preferred Reporting Items for Systematic Reviews
and Meta-Analyses (PRISMA) methodological guidelines (Page
et al., 2021). The PRISMA systematic review protocols pro-
vide an objective and transparent way to summarize literature
in a reproducible way and are particularly valuable in this case
because they can overcome selective reporting and research
biases that may be present in previous reviews of the use of
animal personality in conservation.

We used PRISMA to summarize primary research articles
to determine how personality has been incorporated in con-
servation biology so far. We aimed to answer this question by
detailing the breadth of methodological techniques used in each
article. To evaluate the rigor of the research from a personal-
ity perspective, we assessed each research article based on the
Carter et al. (2013) guidelines for personality studies (summa-
rized in Table 2). We also categorized articles based on the
conservation contexts in which personality tests have been used
and summarized the reasons personality was investigated and
the key findings and authors’ suggestions concerning person-
ality as a conservation tool. Finally, we used this information
to create a shortlist of the articles in which animal personal-
ity and conservation were successfully integrated in terms of
the methodology used to evaluate personality and the degree
of focus on conservation application. This list is intended as
a resource for conservationists who may be unfamiliar with
personality but are interested in its potential conservation
applications.

METHODS

We used the PRISMA framework with the ecology and
evolutionary biology extension (O’Dea et al., 2021). Before con-
ducting the literature search, several lists of definitions and
criteria were made based on Carter et al’s (2013) review to
ensure that when categorizing and reporting information from
each journal article we interpreted it based on a single set of
definitions and criteria (Table 3). For example, if the authors
described a trait as excitability, but in the definition guidelines, it
fits within the definition of boldness, we reported it in the review
as boldness. This approach allows a more reproducible method-

ology for future reviews and limits potential biases arising from
the somewhat confused state of the animal personality literature.
However, it should also be noted that all assessments were made
by R.D.M. alone and therefore subject to this author’s ability
to interpret the original authors’ work and this author’s under-
standing and knowledge of statistical analyses. However, using
a predetermined guide for all categorizations and summarizing
the literature (Table 3) should help eliminate objective bias to
some extent (O’Dea et al., 2021).

We used the Web of Science search engine to access databases
of articles available to Victoria University of Wellington, New
Zealand. We were only interested in primary research articles
that integrated animal personality and conservation science. To
focus on personality studies in the field of animal conservation,
we used the following single string of Boolean operators that we
modified from a previous review of the publication of personal-
ity studies across taxa (Gherardi et al., 2012): TS = ((conservation
AND animat*) AND (personalit® OR ((bebaviors OR bebaviour*)
AND syndrome*) OR temperament OR (coping AND style¥) OR
individnalif¥))). These terms were further refined by document
type (article or proceedings paper or early access) and Web of
Science indexes (SCl-expanded, SSCI, A&HCI, CPCI-S, CPCI-
SSH, ESCI, CCR-EXPANDED, IC time span was all years) to
complete the search query.

This search was conducted on May 5, 2021 and initially
returned 174 journal articles (hereafter referred to as reports
following the definition by Page et al. [2021]), all of which
were sought for retrieval and assessed for eligibility. This pro-
cess was performed manually for each article (flow diagram
detailing retrieval process in Appendix S3). Five reports in
this search could not be accessed and were excluded. The 169
remaining reports were read in their entirety, and a further 31
reports that were literature reviews were excluded. A further
25 exclusions were made for reports that were not directly
related to animal personality or conservation because they were
focused on human personality (# = 10), repeatability in ani-
mal vocalization (# = 8), genetics without personality testing
(m = 5), technical veterinary research (z = 1), ot plant biology
(n=1).

After these exclusions, 113 reports remained, and data were
extracted from the text of each report. First, objective vari-
ables were summarized, including authors names, journal name,
year of publication, country where the study took place, species
studied, condition of testing (wild or captive), test sample size,
and whether there was an assessment of repeatability. Next,
the slightly more subjective categorizations of the articles were
made using the definitions and criteria established prior to
beginning the literature search (Table 3). Further exclusions
were made for reports that did not include material aligning
with any of the objective or subjective categories (# = 21) and
reports that did not include any form of repeatability assessment
(n=44).

The remaining 48 reports that included an attempt to
quantify repeatability were further summarized. This summary
included the statistical method used for estimating repeatability;
the personality traits identified; the ecological or physiologi-
cal traits that personality was compared with; the relationships
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TABLE 3

personality in conservation science

Report (i.e., a document supplying information about a particular study) assessment categorization guide for the systematic review of studies applying

Report component Category

Criteria for inclusion in a category

Conservation context List of 13 conservation contexts

in Appendix S2

Personality test List of 18 test categories in

Appendix S1

Repeatability and validity Repeatability, convergent
validity, discriminant validity,
ecological or physiological

validity or both

Personality trait Activity, aggressiveness
boldness, exploration,

sociability

Relationship between
personality and

None, N

ecological or physiological
traits ot both

Positive, Y (+)

Where the report met definitions for >1 of the contexts in Appendix S2, the most

extensively discussed context was assigned.

Assigned based on meeting the description for a test type given in Appendix S1, regardless
of name given to test in the original article.

If the definitions in Table 2 were met, the report was marked as yes for that category. If
there was evidence for ecological or physiological validity, we assigned type by assessing
the ecological and physiological context that personality was compared with.

If a report met the repeatability critetion, this was assigned based on criteria described in
table 1, regardless of the label for the trait that was used in original article.

Articles in which authors indicated there was no statistically significant relationship found.

Article in which authors reported a statistically significant relationship with higher degrees

of the personality trait meaning higher ecological or physiological trait (e.g., boldness

increased survival).

Negative, Y(-)

Authors reported a statistically significant relationship that higher degrees of the

personality trait meant lower ecological and physiological traits (e.g., boldness decreased

survival)
Other Y There was a relationship that could not be desctibed using positive or negative terms.
Conservation content Low There was less than a paragraph in the discussion.
Medium There was approximately a paragraph in the discussion.
High There was a specific conservation section or specific recommendations for

conservationists.

found in those comparisons; whether the report confirmed eco-
logical, convergent, or discriminant validity or all 3 or none of
these; and the amount of conservation content in the report
(details in Table 3). We categorized reports as high quality if
they showed ecological validity alongside convergent or discrim-
inant validity for the personality traits assessed. The discussion
section of reports with either or both convergent or discrimi-
nant validity testing was examined. The reason for investigating
personality, the study’s key findings, the suggestions of reasons
for findings, and suggestions for future use of findings con-
cerning conservation were summarized. Finally, we categorized
reports as highly relevant to conservation based on the amount
of conservation content they included. Reports were identified
as the highest quality examples of research interfacing animal
personality and conservation science if they scored both the
highest in terms of personality study quality and had the most
conservation relevance.

After summarizing the literature, we examined the patterns in
publication year, sample size, taxa examined, testing condition,
type of personality test, and conservation context of reports that
included repeatability assessment with those that did not. We
collated the types of personality tests for reports that assessed
repeatability and organized them by testing condition and con-
servation context. We separately collated each ecological and
physiological trait measured against personality trait.

To investigate why so many reports did not have repeata-
bility measures, we performed row-wise Fishers exact tests to

determine whether there was a difference in the proportions
of reports that assessed repeatability versus those that did not
across time, by taxonomic class, conservation context, ot pet-
sonality test. To determine whether there was a difference in
the proportion of captive to wild testing conditions in reports
that assessed repeatability and those that did not, we performed
the chi-square goodness-of-fit test. Finally, we petformed a 2-
sample Wilcoxon test and calculated the Wilcoxon effect size
of the difference in sample sizes between reports that assessed
repeatability and those that did not. All significance tests were
calculated with an alpha of 0.05.

The initial summaries were made using Google sheets, data
cleaning, and error checking in Microsoft Excel. Statistical tests
were conducted and figures created with RStudio (RStudio
Team, 2021) packages reshape2 (Wickham, 2007) and rstatix
(Kassambara, 2021) for tests and ggplot2 (Wickham, 2016) and
cowplot for figures (Wilke, 2020). Tables were produced in
Microsoft Word. The entire data set of 174 articles, together
with their inclusion—exclusion status and categorization, is in
Appendix S4 and a complete reference list is in Appendix S5.

RESULTS

Our search resulted in 174 total returns, but only 92 met our
eligibility criteria and were assessed by this review. Publica-
tion of reports increased slowly from 1999 to 2014, peaking
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in 2015. Over half the reports were published from 2015 to
2021 (Figure 1la). Study sample sizes ranged from 3 to 1748
(median = 41, mode = 20, mean [SD] = 100 [208]). Most
reports in this review had sample sizes of <100 (Figure 1b).
The species studied ranged across all classes of vertebrates and
2 classes of invertebrates (Insecta, Chromadorea). The most fre-
quently studied group, mammals, made up over one third of the
reports (Figure 1c). Testing personality in captivity was the most
common testing condition (Figure 1d).

When examining the rates of wild testing within each tax-
onomic class, birds were the only class to have more wild
testing (Zeapiive = 95 wila = 12). In contrast, remarkably more
captive testing was performed with mammals (7,ph0e = 23,
Iyild = 15)7 fish (”captivc =13, Iyild = 2)’ and reptﬂes (”captivc =7
nyig = 3). There was no wild testing of amphibians (#,pgive = 5,

>

nyig = 0) or invertebrates (eypive = 3, #yila = 0). The most
common test performed was the novel object test, followed
closely by movement tracking and novel environment tests;
these tests made up over one third of all tests used across the
reports (Figure 2a). Tonic immobility, separation, and proxim-
ity to conspecific tests were not used in any of the reports.
The most common conservation context cited in one third
of the reports was population biology, with community-based
conservation, conservation education, economics, habitat man-
agement, wildlife law and policy, and wildlife trade not appearing
in any report (Figure 2b).

Repeatability assessment in reports

Of the 92 reports that met our overall eligibility criteria, 48
assessed the repeatability of behaviors (listed in Appendix S0),
meeting the minimum critetia for measuring personality (Carter
etal., 2013). The proportion of reports with repeatability assess-

ments did not significantly differ from those without in any
year, taxonomic class, conservation context, or personality test
(Appendix S7). The proportion of reports with repeatability
assessment did not significantly differ from those without in
wild or captive testing condition ()(2 =0.018,df =1, n = 92,
P =0.984) (Figure 1d). The sample sizes of reports that assessed
repeatability (median = 46, range: 8-1748) did not differ from
those that did not (median = 34, range: 3-340; I = 905.5,
p=0.241, n = 92; Wilcoxon effect size = 0.123) (Figure 1b).

Repeatability of behavior assessments

Cotrelation-based methods were the most common method of
determining repeatability across reports (Zepors = 22), followed
by mixed-effects modeling (#.pors = 12) and intraclass corre-
lation coefficients (#;eporis = 9). The rest used other methods,
such as Bayesian modeling (#;¢pors = 5). In terms of evaluating
repeatability, boldness was the most common personality trait
investigated (#5ance = 27), followed by activity (#gance = 10),
explotration (#gance = 13), sociability (#,4ance = 5), and aggtres-
sion (Zipgiance = 3)- All but 3 of the reports that assessed
repeatability compared the personality trait investigated with
some ecological or physiological traits, meeting the definition
of ecological validity (Carter et al., 2013). A list of tests used
in reports that assessed repeatability sorted by testing condition
and conservation context is in Appendix S8. The most common
ecological and physiological trait category was other behav-
iof (Migstances = D7), followed by reproduction (#nsiances = 33),
growth (Bipgances = 23), survival (#pgances = 20), and health
(Mipstances = 8). All specific ecological and physiological traits
investigated and their relationships with personality traits are
reported in Appendix S9 for reports that assessed repeata-
bility. Twenty-eight out of these 45 ecologically valid reports
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Instances of (a) personality tests used across reports dealing with animal personality and conservation (1 report may have had >1 type of

personality test) and (b) conservation contexts cited in reports on animal personality and conservation

confirmed convergent or discriminant or both validities in their
reporting. Their key findings and conservation applications are
summarized in Table 4. Nineteen of these 45 valid reports were
also in the highest category of conservation content. Overall,
18 reports had the highest possible scores in terms of both
conservation content and personality assessment (studies listed
and summarized in Table 5).

DISCUSSION

Little more than half of the reports included in our systematic
review accurately assessed personality by assessing repeatabil-
ity of behavior in their personality test. Of the 48 reports
that reported personality correctly, 28 also confirmed their
personality measures using discriminant or convergent tech-
niques. Of these 28, 18 had a high degree of information

specifically for conservationists. We believe these 18 reports
represent the best introduction to integrating animal personality
and conservation.

Many included reports claimed to measure personality and
incorporate it within some conservation context, most of which
were published after 2014. This is notable because, in theory,
most already had access to Carter et al.’s (2013) seminal review
on animal personality. Therefore, a best practice in terms of
methodological and statistical approaches to studying personal-
ity had already been established prior to the publication of most
reports included in our review, provided they had access to the
journals that published this research. Furthermore, authors of
reports published after 2017 could have accessed the Beeckman
and Jordan (2017) discussion. These post-2017 studies, there-
fore, have a distinct advantage because the field of personality
research had had the opportunity to tailor their research fol-
lowing the best practice guidelines set out in the responses.
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Therefore, it is somewhat astonishing that neatly half of the
included reports did not assess repeatability.

Reasons for lack of repeatability quantification

We attempted to pinpoint why there was such a dearth of
reports that assessed repeatability. Our literature summary
revealed no clear pattern of repeatability assessment being
included more frequently (i.e., in more than half of all papers
published) in the most recent years, as one might expect. Mote-
over, we found no difference in the proportion of repeatability
assessment between years, taxonomic class, conservation con-
text, personality tests, or testing conditions. Although there was
a slightly higher minimum sample size in studies that included
repeatability estimates, there was no difference in sample sizes
between reports that assessed repeatability and those that did
not. Some authors may not have included repeatability because
they investigated animals that were rare or nonterritorial or
that travel long distances (handling of such animals is limited
for ethical or practical reasons), which may explain why most
threat stimuli and handling tests did not include repeatability
(Richardson et al., 2019). Furthermore, some reports were at
the population level and did not consider the individual level
(Tudorache et al., 2015; Turner et al., 2015; White et al., 2017).
However, several reports managed to assess personality at the
individual level and then compare differences in the popula-
tion (Castanheira et al., 2016; Villegas-Rios et al., 2017; Wong
et al,, 2017). It appears that the difference between those that
did repeatability testing and those that did not came down to the
authors’ decision. However, if there is no evidence for repeata-
bility in behavior, then personality terminology should not be
used (Dingemanse & Wright, 2020), as acknowledged by at least
1 report in which authors referred to “personality proxy” rather
than outright personality (Richardson et al., 2019).

It is possible that our methodology for gathering reports
biased our findings toward more outdated or misguided work
because our search terms included older synonyms for pet-
sonality. Additionally, the search terms we used may have
failed to capture some studies that investigated personality as
it was defined in our methodology. For example, an overlooked
study could have used terms such as negphobia instead of explo-
ration, without directly referencing personality. Furthermore,
our search may not have encompassed all possible conserva-
tion contexts due to the broad interdisciplinary natute of the
field, or we may have undersampled relevant studies because we
used only 1 indexing system for our search. Nonetheless, our
search terms were sufficiently broad to return several studies
that ultimately did not meet our inclusion criteria. Moreovet,
we used standardized terms and definitions when evaluating
each report. As such, we are confident that our method did
not overly bias our assessment toward finding studies that did
not assess repeatability, and we are confident we gathered a
representative sample of the relevant literature. Instead, we sug-
gest that it is more likely that some authors followed older
or alternative guides when defining personality in their stud-
ies due to the confusing nature of the animal personality field

or following inappropriate methodology from previous studies.
Furthermore, as discussed by Dingemanse and Wright. (2020),
many authors appear to cite Réale et al. (2007) inappropri-
ately, defining personality as a class of behaviors, irrespective of
repeated measures of each distinct behavior. Because so many
reports in our review did not assess repeatability, we consid-
ered in detail only those that met this minimum criterion for
assessing personality to ensure that any conservationist wanting
to understand what has so far been incorporated from animal
personality has access to best practice examples.

Incorporation of personality in conservation
science

Our search revealed the widespread use of personality tests
across several conservation contexts that focus on animal biol-
ogy in the wild and captivity. However, captive testing was the
dominant testing condition across reports, mirroring other dis-
ciplines within animal behavior research (Greggor et al., 2014,
2016; McDougall et al., 2006; Roche et al., 2016; Sih et al., 2015)
and personality generally (Bell et al., 2009; Roche et al., 2016).
The issues with overreliance on captive testing and the need to
understand animal behavior in situ have been discussed exten-
sively elsewhere (Greggor et al., 2014, 20106; Pritchard et al.,
2016), but wild testing is of particular importance to animal
personality. For example, Bell et al. (2009) found that repeata-
bility estimates were higher in field-based studies than in the
lab. Repeatability of behavior is at the core of animal person-
ality (Dingemanse & Wright, 2020), so quantifying repeatability
in wild contexts, where there may be more room for between
individual variance to be expressed (Bell et al., 2009), will likely
improve the applicability of personality research to conserva-
tion. Despite this, we recognize that in many cases species
of conservation concern are often limited in population size,
accessibility, or are in a crisis state (Soulé, 1985). This, along-
side the difficulties performing experiments with wild animals
(Dawkins, 2007; Pritchard et al., 2016), may also contribute to
captive testing being more frequent in the reports in our review.

The most prevalent personality test was the novel object
test; it was used in every conservation context except species
conservation, captive community ecology, and wild wildlife
disease. This was closely followed by the novel environment
test. This pattern is unsurprising because these are among the
best-defined and most used tests across the broader personal-
ity literature (Carter et al., 2013; Merrick & Koprowski, 2017;
Roche et al., 20106). Both tests are relatively simple to implement
repeatedly and are the only way to measure boldness and explo-
ration as personality traits (Carter et al., 2013; Réale et al., 2007).
Furthermore, both can be conducted at short, medium, and
long-time scales through direct observation, video recordings,
or electronic tracking, making them ideal for implementation in
conservation contexts in the wild and in captivity (Réale et al.,
2007). Due to the widespread implementation and flexibility of
novel object and environment tests, they should be a top pri-
ority for future studies attempting to measure personality in
conservation contexts.
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Perhaps one of the most interesting findings of our review is
that there was no evidence that a specific personality trait has the
same relationship across species and contexts. As a case study
that highlights this phenomenon, boldness was investigated in
reports within each ecological and physiological category and
was found to have either positive, negative, or no relationships
to the ecological or physiological trait in question (Appendix
S9). For example, boldness was not related to survival in desert
tortoises (Gopherus agassizii) or Blanding’s turtles (Emydoidea
blandingi?), yet was positively related to survival in European
mink (Mustela lutreola) and negatively related to survival in swift
fox (Vulpes velox), pheasants (Phasianus colehicus), spotted hye-
nas (Crocuta crocuta), yellow-spotted monitors (Varanus panoptes),
and brushtail possums (7#ichosurus vulpecula) (Allard et al., 2019;
Bremner-Harrison et al., 2004; Germano et al., 2017; Haage,
Maran, et al., 2017; Madden & Whiteside, 2014; May et al.,
2016; Turner et al., 2020; Ward-Fear et al., 2019, 2020) (Table 4).
Similar variation in the nature of ecological links to personality
measures was apparent for boldness and body condition mea-
sures with no relationship in Blanding’s turtles and pheasants,
positive relationships in desert tortoises and brushtail possums,
and negative relationships in Atlantic cod (Gadus morbua) (Allard
etal., 2019; Germano et al., 2017; May et al., 2010; Villegas-Rios
etal., 2017). This suggests that personality’s role in conservation
is more complicated than the traditional unidirectional relation-
ship suggestions made by reviewers, such as shyer individuals
will always have lower rates of capture (Brooker et al., 2016; Mit-
telbach et al., 2014; Roche et al., 2016). However, boldness was
the only personality trait that had several examples of the same
or similar ecological variables being tested across species with
methodological and statistical rigor. Further investigation under
recently outlined methodological and statistical frameworks will,
we hope, further enhance the understanding of these conflicting
results (Dingemanse & Wright, 2020). Ultimately, personality
associations found for a particular conservation context may
not necessarily be reproducible in other contexts, populations,
or species. Perhaps this is an obvious conclusion, but it is
something that both personality researchers interested in apply-
ing their research and conservationists looking to incorporate
personality should be aware of.

Adpvice for conservation practitioners

Despite the breadth of research at the interface of animal per-
sonality and conservation, interpreting the implications that
personality could have for conservation is not possible with-
out carefully examining the methodology and statistics used to
support a report’s conclusion. An important outcome of our
review is the identification of reports that meet all of Carter
et al.’s (2013) recommendations for personality research while
also having substantial conservation content. In this context,
Tables 4 and 5 provide a preliminary reading list for conset-
vation practitioners considering applying personality to their
work. These relatively few studies set a benchmark for best
practice in personality measurement in a conservation context.
Among these reports, the most common motivations for study-

ing personality were for use in translocation or treintroduction
programs or to improve captive management and behavioral
training programs. These studies provide evidence from actual
conservation contexts that there are important ecological con-
sequences dependent on personality type. Examples include
survival, detection, and habitat use after translocation, as well as
mate paring and social structures in captivity. However, because
each study investigated personality in slightly different con-
texts and compared different behaviors, there is no consensus
yet on what to expect for specific personality traits. Overall,
the authors of these studies share the view that personality
may be helpful in conservation programs to select individu-
als that will be optimized to specific environmental conditions
or pairing with certain conspecifics. Furthermore, among these
reports there are multiple suggestions that as the environment
is changed or there is human interference (i.e., hunting, mon-
itoring), there is the potential for certain personality types to
be selected for, and this may have severe consequences for
conservation-dependent species. However, we identified only
18 reports that were highly relevant to conservation and that
also followed best practice for measuring personality; thus, more
research is necessary to reveal the full extent of how personal-
ity can contribute to conservation. Ultimately, before embarking
on any new research, the feasibility of incorporating person-
ality should be assessed to ensure that accurate and valuable
information can be obtained without negatively affecting ongo-
ing conservation. Therefore, we provide final recommendations
for conservationists interested in incorporating personality into
their project.

First, we recommend that conservation practitioners and
researchers follow the guidelines of Wolak et al. (2012) when
designing their personality research to achieve the optimal
combination of sample size and tests per individual within
their study system. Additionally, Garamszegi (2016) provides
an excellent guide and resources on what to do if the analysis
of behavior is constrained due to practical or ethical reasons.
Conservationists may want to quantify and record behavior as
part of procedures already at the core of their work. For exam-
ple, conducting visual observation measures with novel space
testing is a relatively simple and effective way of quantifying per-
sonality, particularly if the species is kept in captivity for any
period (e.g., during a translocation event). Two excellent exam-
ples of how this may be implemented are Allard et al.’s (2019)
study of Blanding’s turtles and Hammond et al.’s (2020) study
of Mountain yellow-legged frogs (Rana muscosa).

We also advise looking for opportunities to record behaviors
repeatedly across time and contexts without altering what would
already be occurring because this is one of the easiest and most
cost-effective ways for conservationists to incorporate personal-
ity into their programs. Many of the reports in our review tested
animals as part of ongoing conservation programs, such as an
ongoing reintroduction program for European mink (Haage,
Angerbjorn, et al., 2017), conditioned taste aversion training
with yellow-spotted monitors (Ward-Fear et al., 2019, 2020),
and regular breeding-season monitoring of Montagu’s harrier
(Cireus pygargus) nesting (Mougeot & Arroyo, 2017). Due to
the longitudinal nature of these projects, multiple measures of
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individuals were able to be made over time and the repeatabil-
ity of behaviors could be examined easily. However, depending
on what personality trait and species are being tested, incor-
porating behavioral measures in this way may not be the most
robust method (Carter et al., 2013). Yet if study species are held
in captivity as part of a conservation intervention (e.g, cap-
tive breeding or translocation), it may create the opportunity
to collect personality information with multiple tests. Once the
repeatability of a personality trait has been sufficiently quanti-
fied, it may then be possible to establish more straightforward
behavioral measures that can be used as a proxy for personal-
ity (e.g:, Ward-Fear et al., 2019). These simple measures could
then be added to existing protocols to screen animals, allowing
for management decisions to be made without entire personal-
ity testing protocols needing to be implemented. However, this
type of proxy establishment should only come after appropri-
ately quantifying personality in the managed population; our
results highlight that personality traits do not always show the
same ecological relationships across conservation contexts and
species.

In terms of statistical methodologies, most included reports
followed the protocols of Nakagawa and Schielzeth (2010) in
their use of correlational, mixed modeling, or intraclass correla-
tion coefficient tests. It may not be possible in all conservation
contexts to meet the assumptions of such tests (Wolak et al,,
2012), but other approaches are valid and may carry less strict
assumptions (Allegue et al., 2017; Cleasby et al., 2015; Garam-
szegi, 2016). Alternatively, Bayesian approaches ate available for
those who shy away from frequentist statistics (see Villegas-Rios
et al,, 2017). Whatever statistical approach is chosen, there must
be some form of repeated measures testing and analyses to meet
the Carter et al. (2013) guidelines. Establishing the validity of
tests is an essential aspect of personality quantification (defini-
tions in Table 2) but not as critical as repeatability testing. A
standard methodology used for convergent and discriminant
validity testing is factor analysis, with which it is possible to
examine the relationships between repeatable traits. However,
correlation analysis can be sufficient (Catter et al., 2013). In
summary, for those conservationists interested in exploring the
interface of conservation and personality in their practice, we
suggest starting by reading Carter et al. (2013), drawing on the
examples in the best practice reports identified by this review
(Table 4, 5) and following the statistical guides mentioned above.

Our systematic review revealed that personality has been
broadly applied to conservation, with personality tests used in
many conservation contexts. However, in most cases person-
ality has not been very well incorporated into conservation
science; very few examples met the requirements of personality
research. Nevertheless, we were able to identify several rigor-
ous integrated personality reports, and we used these as the
basis for providing recommendations on how conservationists
might integrate personality into a conservation program. We
hope any conservationist who follows these recommendations
will be well prepared to quantify personality, ultimately improv-
ing understanding of how integrating animal personality may
benefit conservation science.
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