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Individually distinctive behavioral traits, or personalities, contribute to population-level processes and ecological
interactions important in applied wildlife conservation research. Inter-individual variation in behavioral traits
(personality) and correlation among behavioral traits (behavioral syndromes), can influence empirical estimates
of population size and structure, models of resource selection and population dynamics, harvest and control in
wildlife and fisheries populations, population response to disturbance and novel environments, and the success
of reintroductions. Despite the important role that personality and behavioral syndromes play in the ecology and
dynamics of wildlife populations, a disconnect between basic and applied research realms continues. While the
concept of animal personalities and their role in ecology and evolution is increasingly embraced in the animal be-
havior, ecology, and evolutionary biology literature, it is less represented in applied wildlife management and
conservation literature. We identify 10 research foci, often considered the domain of applied wildlife manage-
ment and conservation, summarize examples of how these research domains may be influenced by personality
and behavioral syndromes, and outline potential implications. We suggest that a focus on individuals in wildlife
conservation study can bridge the gap between basic and applied research and incorporate knowledge fromboth
realms towards more effective management, conservation, and recovery of populations.
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1. Introduction

There is increasing recognition of inter-individual behavioral differ-
ences within animal populations that are consistent over time and
across contexts, known as personalities, behavior types, or behavioral
phenotypes (Mittelbach et al., 2014; Réale et al., 2010; Svendsen and
Armitage, 1973;Wolf andWeissing, 2012). Behavioral traits commonly
measured as components of animal personality include aggression (ten-
dency for agonistic behavior towards conspecifics), exploration-
avoidance (how individuals respond to a novel situation), activity (ten-
dency towards movement), shyness–boldness (responses to perceived
risk), and sociability (non-agonistic behavior towards conspecifics)
(Armitage, 1986; Canestrelli et al., 2015; Réale et al., 2007; Sih et al.,
2004b). Behavioral traits that comprise personality are often correlated
and suites of correlated behavioral traits are referred to as behavioral
syndromes (Sih et al., 2004b). The idea that inter-individual behavioral
differences are more than stochastic noise within populations emerged
from psychological literature as early as the 1920s (Gosling, 2001), and
has received much attention from behavioral ecologists and evolution-
ary biologists in the last 15–20 years (Réale et al., 2007, 2010; Wolf
and Weissing, 2010). Consistent inter-individual behavior differences
and correlated behavioral traits have been documented across a variety
of taxa and are considered common (Conrad et al., 2011; Gosling, 2001;
Réale et al., 2007, 2010; Sih et al., 2004b;Wolf andWeissing, 2012). Fur-
ther, evidence suggests that behavioral traits and associated syndromes
vary in response to environmental conditions (Dingemanse et al., 2010;
Sih et al., 2004b). Animal personalities are empirically shownor hypoth-
esized to have impacts on population processes including space use,
habitat selection, responses to novel environments, dispersal, species
interactions, host-parasite interactions, disease transmission, and
other key processes important for wildlife conservation and manage-
ment (Anthony and Blumstein, 2000; Sih et al., 2012; Smith and
Blumstein, 2013; Stamps and Groothuis, 2010; Wolf and Weissing,
2012). Furthermore, behavioral traits and syndromes are shown to be
linked to fitness such that individuals will perform better in some cir-
cumstances and not others thus maintaining behavioral differences
within a population (Dingemanse and Réale, 2013; Sih et al., 2004a,
2004b) and influencing demographic parameters (Anthony and
Blumstein, 2000); important considerations for wildlife management.

Wildlife studies often focus on enumeration, correlates of resource
use and habitat selection, and demographic processes at the population
level (Martin, 1998), yet natural selection operates at the level of indi-
viduals (Austin et al., 2004; Lomnicki, 1988). That animal personalities
within populations serve tomaintain genetic diversity, influence demo-
graphic parameters and potentially the results of wildlife research, in-
terpretation of results, and success of conservation or management
actions is not often addressed by applied wildlife practitioners (but
see Conrad et al., 2011) despite guidelines and reviews that highlight
the implications of animal personality in applied wildlife conservation
and management practice (Angeloni et al., 2008; Anthony and
Blumstein, 2000; Blumstein and Fernández-Juricic, 2010; Caro, 2007;
Festa-Bianchet and Apollonio, 2003; Greggor et al., 2016; Smith and
Blumstein, 2013; Sutherland, 1998). The presence of animal personali-
ties can bias empirical estimates of population size and structure (Biro,
2013; Biro andDingemanse, 2008), andwhich individuals are harvested
in managed wildlife and fisheries populations (Biro and Post, 2008). In-
clusion of behavioral variability is important in models of animal move-
ment and dispersal (Fraser et al., 2001; Taylor and Cooke, 2014),
resource selection, and population dynamics. Personality differences
and behavioral syndromes can play a role in how populations will re-
spond to disturbance and novel environments (Atwell et al., 2012;
Owen et al., 2016), how individuals will cope with handling, transloca-
tion, and reintroduction (Mason, 2010; McDougall et al., 2006), and the
success of conservation efforts such as habitat restoration, corridor de-
signs and crossing structures (Caro, 2007). Consideration of animal per-
sonalities may be important during all phases of wildlife study. During
the design phase, researchersmay considermethods to assess behavior-
al variability within a population directly, or account for it indirectly via
mixed-effectsmodels and alternative samplingmethods (e.g. active and
passive sampling; Biro, 2013). The presence of animal personalities and
context-dependent fitness among them may be important to consider
during data collection, analysis, assessment of management implica-
tions, and the development of management plans (McDougall et al.,
2006).

Published studies that document animal personality and behavioral
syndromes and their realized or potential impacts in wildlife conserva-
tion are primarily directed towards basic science audiences in animal
behavior, ecology, and evolutionary biology, and not towards applied
wildlife conservation practitioners. This disconnect mirrors that be-
tween animal behavior research in general and its application towards
applied conservation (Angeloni et al., 2008; Berger-Tal et al., 2016;
Caro, 2007; Sutherland, 1998). The emerging field of conservation be-
havior (Blumstein and Fernández-Juricic, 2010; Smith and Blumstein,
2013) has facilitated the translation of behavior research to improved
wildlife conservation inmany areas, yet the connection between animal
personality and applied conservation remains underdeveloped (Berger-
Tal et al., 2016).

Here, we review literature on how animal personality and behavior-
al syndromes may influence population processes important to wildlife
conservation andmanagement and affect outcomes of wildlife research
within the following research foci: detection probability and
trappability, stress response, animal movement and dispersal, habitat
selection, mate choice and reproductive success, parasite infection,
human harvest, urbanization and disturbance, invasibility, and captivity
and reintroduction. We provide examples of how these foci may be in-
fluenced by animal personalities and behavioral syndromes, outline po-
tential implications, and offer recommendations (Table 1).

2. Material and methods

We conducted literature reviews in Thomson Reuters Web of Sci-
ence™ Core Collection to identify research related to behavior traits,
personality, and behavioral syndromes relevant towildlife conservation
andmanagement. We specified a time period between 1900 andMarch
2016 and searched for primary literature with the terms “animal per-
sonality”, “behav* syndrome”, “behav* type”, and “behav* phenotype”
listed as a research topic, with results refined by Ecology (to include Zo-
ology, Biology, Behavioral Sciences, Evolutionary Biology, Biodiversity
Conservation, Environmental Science, and Marine Freshwater Biology).
From our preliminary search of published literature, we identified stud-
ies with results and implications directly relevant to applied wildlife
conservation and management, and organized our search results by
10 research foci: detection probability and trappability, stress response,
animal movement and dispersal, habitat selection, mate choice and re-
productive success, parasite infection, human harvest, urbanization
and disturbance, invasibility, and captivity and reintroduction.

3. Results

Behav* type was the most commonly used term (behavior type =
3193 hits; behav* phenotype = 722 hits; animal personality = 329
hits; behav* syndrome = 350 hits). Animal personality and associated
behavior terms continue to be topics of exponentially increasing inter-
est over the last 15 years (Réale et al., 2010; Fig. 1, personality example),
including conservation (animal personality AND conservation = 45
hits), but publications remain largely restricted to the domains of ani-
mal behavior and evolutionary biology (Supplementary material Table
1A), and are not well represented in applied literature. Our searches
returned minimal hits for “animal personality” or similar terms in ap-
plied wildlife management and conservation outlets such as Journal of
Wildlife Management (animal personality: 1; behav* phenotype: 0;
behav* syndrome: 0), Wildlife Biology (animal personality: 1; behav*



Table 1
Applied wildlife conservation and management research domains, mechanisms for how individually distinct behavioral traits may influence the outcome of wildlife research, associated
implications, and recommendations for dealing with individual behavior differences in wildlife ecology. Note that the list of selected references provided is not exhaustive.

Applied
wildlife
domain

Mechanisms Implications for research and
management

Recommendations & considerations Selected references

1 Detection
probability and
capture success

Bold, active, exploratory individuals
most detected and explore novel
objects

Detection probability, estimates of
population parameters, life history
traits, physiology, and variability in
behavioral traits may be biased
based upon individuals trapped;
individual variation in trappability
can hinder estimates of population
density, social structure, and the
efficacy of management actions

Augment studies with non-invasive
sampling such as scat, hair, eDNA,
and camera traps to better estimate
population size

Réale et al. (2000), Biro and
Dingemanse (2008), Boon et al.
(2008), Marescot et al. (2011),
Byrne et al. (2012), Carter et al.
(2012), Biro (2013) and Foote et al.
(2012)

2 Stress response Physiology and neurobiology
differences among individuals result
in different “coping styles” for
handling stress

Some individuals more susceptible
to negative effects from handling,
and can include trap mortality, and
long-term effects of increased
cortisol and other stress hormones

Implement protocols to monitor
captured individuals during
handling that account for individual
variation in response to handling
stress such as monitoring heart or
breathing rate, struggle rate, and
potentially releasing individuals if a
threshold is exceeded.

Koolhaas et al. (1999), von der Ohe
and Servheen (2002), Montané et al.
(2003),Lupien et al. (2009), Carere
et al. (2010), Brommer and Kluen
(2012) and Raoult et al. (2012)

3 Movement and
space use

Individuals differ in behaviors
related to movement and dispersal,
exploration, and tendency for risk
taking, and these can vary in
response to environmental
conditions

Many animal movement models
simplify inter-individual variability
in movement and foraging behavior,
leading to over- or under-prediction
of actual movement patterns.
Models of population dynamics,
probability of colonization, and
range shift predictions may be
limited by overly simplistic
representations of natal dispersal
distances

Recognize individuals vary in
movement behavior and perception
of landscape permeability and
incorporate inter-individual
variability in models of movement,
population dynamics, and landscape
connectivity

Fraser et al. (2001), Austin et al.
(2004) del Mar Delgado and
Penteriani (2008), Duckworth
(2008), Hawkes (2009), Armitage et
al. (2011), Fordham et al. (2014),
Taylor and Cooke (2014), Spiegel et
al. (2015), Thorlacius et al. (2015)
and Canestrelli et al. (2015)

4 Habitat
selection

Individuals with particular
behavioral traits may occur more
frequently in certain environmental
contexts compared to others

Habitat alterations, restoration
efforts, or disturbance may select for
certain behavior traits over others. If
some personalities are more
attracted to a habitat treatment than
others, but are less trappable,
erroneous management conclusions
may be drawn.

Studies of habitat selection or that
aim to compare effects of habitat
management actions should
consider the potential for habitat
preferences to differ among
individuals, account for individual
heterogeneity in models, and
acknowledge that
personality-dependent
heterogeneity in detection
probability and trappability could
bias conclusions.

Wilson et al. (1993), Boon et al.
(2008), Stamps and Groothuis
(2010), Pearish et al. (2013) and
Alcalay et al. (2014)

5 Mate choice
and
reproductive
success

Behavioral traits are correlated with
mate choice, probability of extra
pair copulations, mating success,
and offspring personality

Assessment of mate preferences and
frequency of extra pair mating may
be biased by the behavioral traits of
individuals sampled in a study

Incorporate behaviorally
heterogeneous individuals for
inclusion in mate choice studies;
include individuals as covariates in
selection models.

Armitage (1986), van Oers et al.
(2008), Schuett et al. (2010), David
and Cézilly (2011), Sih et al. (2014),
Teyssier et al. (2014) and Bierbach et
al. (2015)

6 Parasite
infections

Some personalities are more
susceptible to parasite infection and
parasites can alter host behavior to
increase opportunities for
transmission

Individual behavior traits and
fluctuations in parasite density,
population density, resources, and
predation risk may interact to
influence rates of parasite infection
and spread, the spatial distribution
of individuals, habitat selection,
reaction to predators, individual
fitness, and population dynamics

Studies of population or behavioral
responses may consider inclusion of
some estimate of parasite load as an
environmental covariate –
particularly parasites documented to
alter individual behavior. Increased
surveillance of endo- and
ecto-parasites, either directly or
molecularly, may aid in
understanding the role parasites
play in behavior variation and
population regulation

Dobson (1988), Barber and
Dingemanse (2010), Thompson et
al. (2010), Avilés and Parejo (2011),
Dunn et al. (2011), Poulin (2013),
Marinov et al. (2015)

7 Harvest
success and
population
implications

Bold, active, fast-growing
individuals may be more likely to be
depredated, harvested

Non-random mortality from hunting
and fishing can select for small, slow
growing, secretive individuals that
can lead to decreased
body/ornament size and fecundity,
and reduce the apparent number of
individuals available to hunters and
anglers. Behavioral traits related to
harvest vulnerability may be
independent of age, size, or sex.

In heavily harvested populations of
conservation or management
concern experiencing declines,
management plans should be
flexible and adaptive to promote and
maintain diversity in physical and
behavioral traits.

Biro et al. (2004), Biro and Post
(2008), Conrad et al. (2011), Ciuti et
al. (2012), Monteith et al. (2013),
Smith and Blumstein (2013),
Hessenauer et al. (2015) and
Härkönen et al. (2015)

8 Effects of
anthropogenic
disturbance

Anthropogenic disturbances may
impact individuals in a population
differently: Bold, active, exploratory
individuals tend to be associated
with fast learning, reduced
neophobia, increased tolerance for

Disturbance-tolerant individuals
may be more likely to use structures
such as crossing structures, nest
boxes, artificial roosts, enter traps,
and potentially accept vaccine baits;
disturbance-tolerant individuals are

In recognition that disturbed areas
may reduce inter-individual
behavior variation and select for
certain behavior traits over others,
managers could incorporate buffers
proportional to the flight initiation

Blumstein et al. (2003); Parker and
Nilon (2008), Guillette et al. (2009),
Atwell et al. (2012), Titulaer et al.
(2012), Lowry et al. (2013), Naguib
et al. (2013) and Sol et al. (2013)
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Table 1 (continued)

Applied
wildlife
domain

Mechanisms Implications for research and
management

Recommendations & considerations Selected references

humans, noise, and other
disturbances

more likely to become human
commensals or pests that increase
human-wildlife conflicts, transmit
zoonotic diseases, colonize new
areas, or become invasive

distance of a species of concern
around disturbed, highly urbanized,
or rapidly changing areas to
maintain as much behavioral
variation as possible. Results from
studies conducted in highly
disturbed areas may not be relevant
to populations in less disturbed
areas and vice versa.

9 Wildlife
control and
invasive
species

Individuals at the invasion front
often exhibit increased aggression,
activity, and boldness, traits
considered together as an “invasion
syndrome”

Resource availability, temperature,
predation risk, and behavioral traits
of native and invasive species can
influence invasion success and
intensity of competition; behaviors
associated with invasibility may aid
trapping and control efforts initially,
however culling programs may
select for trap shy individuals,
reducing efficacy of eradication
programs as efforts continue

Consider how resource availability
and other environmental variables
impact behavior and competitive
interactions between native and
invasive species; multiple capture or
control methods could be employed
simultaneously to reduce behavioral
biases

Tuyttens et al. (1999), Pintor et al.
(2008), Chapple et al. (2012), Brodin
and Drotz (2014), Juette et al.
(2014), Thorlacius et al. (2015),
Zhao and Peishan (2015) and
Winandy and Denoël (2015)

10 Reintroduction,
translocation,
and captivity

Individuals respond differently to
captivity, translocation, and
reintroduction; some behavioral
traits are better suited to captivity,
reintroduction, and translocation

Captive breeding programs drive
contemporary evolutionary change
in animal temperament by selecting
for docility, decreased activity, and
boldness; these individuals may fare
poorly upon release into natural
environments

Make efforts to promote and
conserve behavioral diversity in
captive populations and select a
behaviorally diverse group of
individuals for each reintroduction
attempt.

Shepherdson (1994), McDougall et
al. (2006), Mason (2010), Watters
and Powell (2012) and Reading et al.
(2013)
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phenotype: 0; behav* syndrome: 0),Wildlife Research (animal personal-
ity: 1; behav* phenotype: 1; behav* syndrome: 1), Conservation Biology
(animal personality: 0; behav* phenotype: 0; behav* syndrome: 1), or
Biological Conservation (animal personality: 0; behav* phenotype: 0;
behav* syndrome: 1).

3.1. Detection probability and capture success

Estimating the size ofwildlife populations based upon repeated, ran-
dom samples of marked or unmarked individuals is common (Silvy,
2012). Despite efforts to obtain systematic random samples of individ-
uals and use of models to account for differences in detection probabil-
ity, animal personalities can present hidden biases in wildlife sampling
protocols and influence the probability of detection and capture (Biro,
Fig. 1. The frequency of publications that refer to “animal personality” in organismal
research between 1996 and 2015. Data accessed from Thomson Reuters Web of Science
™ Core Collection, March 2016.
2013; Biro and Dingemanse, 2008). Personality and behavioral syn-
dromes within a population affect sampling because bold, active, ex-
ploratory individuals might be more likely to be sampled (Biro, 2013;
Biro and Dingemanse, 2008; Carter et al., 2012). Unless the entire pop-
ulation is known, detection probability estimates are necessarily based
upon a random sample of the population, a sample that could itself be
biased based upon how different personalities relate to detectability
(Biro, 2013; Carter et al., 2012). True detection probability could be
higher or lower, which in turn affects estimates of population size
(Biro, 2013).

In lakes stocked with equal densities of slow, intermediate, and fast
growing rainbow trout (Onchorhynchus mykiss), fast growing individ-
uals were twice as likely to be sampled despite random sampling
methods, likely due to the fact that fast growing individuals were
more active and less wary (Biro, 2013). Population size of wolves
(Canis lupus) in Francewas underestimated by 27%when individual de-
tection heterogeneity was ignored (Marescot et al., 2011). Biases in de-
tectability due to personality differencesmay be reduced by inclusion of
non-invasive sampling techniques such as DNA extraction from hair or
feces, environmental DNA (Foote et al., 2012), or detection via camera
traps (Luikart et al., 2010; Mills et al., 2000) to augment sampling
methods such as live trapping or netting and distance sampling (Biro,
2013).

Differences in trappability among individuals are documented
across many taxa and include mammals, birds, and reptiles and ob-
served differences are associated with personality traits (Carter et al.,
2012; Guillette et al., 2010; Réale et al., 2000; Tuyttens et al., 1999).
Bold, active, exploratory individuals tend to enter live traps or nets
more frequently (Biro, 2013; Boon et al., 2008; Boyer et al., 2010;
Carter et al., 2012), and the tendency for increased trappability can af-
fect the types of individuals that are incorporated into wildlife studies,
potentially leading to behaviorally, physiologically, and physically bi-
ased estimates of population characteristics and parameters (Biro and
Dingemanse, 2008). Further, sampling individuals via live trapping to
document personalities and behavioral syndromes may underestimate
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the actual amount of variation in and correlation among behavioral
traits (Carter et al., 2012). Consideration of inter-individual variation
in trappability is important to adjust estimates of population density,
characterize social structure, and to assess the efficacy of management
actions. For example, estimates of variation in trappability among Euro-
pean badgers (Meles meles) was key to estimate population size and in-
form how many individuals required vaccination against tuberculosis
annually and which vaccination delivery method would be most effec-
tive (Byrne et al., 2012).

For wildlife studies that involve the capture of individuals, trapping
methodology, gear, and populationmodelsmay be reviewed in an effort
to reduce bias from differential trappability and detectability among in-
dividuals. Some individuals may be more wary of particular types of
traps, thus incorporating different trap types (e.g. restraints and cage-
like traps) in a study may serve to capture different types of individuals
and reduce bias (Byrne et al., 2012). Passive trappingmethods that rely
upon individual investigation and contact with the device or novel food
baits may fail to sample individuals that are less active, neophobic, or
too wary to approach (Biro, 2013) and methods that do not require in-
vestigation, such as pitfall traps may be preferred (Michelangeli et al.,
2016). However, it is important to note that even passive sampling
methods may fail to sample all individuals due to individual heteroge-
neity inmovement and subsequent probability of trap encounter. Active
capture methods that involve hand netting and noosing may bias sam-
ples towards individuals whose personality allows researchers to ap-
proach within a particular distance (Biro, 2013; Carter et al., 2012).
Researchers can improve sampling of wary, less active individuals by
allowing animals to habituate to trap presence prior to actual trapping
efforts, increase the duration of each trapping session, and employ trap-
pingmethods that are robust to behavioral biases such as electrofishing,
large set nets, pitfall traps, and driving herding animals towards large
nets or corrals (Biro, 2013; Michelangeli et al., 2016). Individual hetero-
geneity in detection and capture can be accounted for in two widely
used platforms formodeling population parameters viamark-recapture
data and include PledgerMixtureModels and Individual RandomEffects
Models in Program MARK (White and Burnham, 1999) and Behavioral
Response (Mb), Individual Heterogeneity in Capture Probability (Mh),
models in the R package “unmarked” (Fiske and Chandler, 2011), and
Spatial Capture Recapture models via R packages “secr” (Efford, 2016)
and “oSCR” (Sutherland et al., 2016). By taking into account inter-indi-
vidual heterogeneity in detection and trappability due to animal per-
sonalities, conservation practitioners can improve estimates of
abundance and density.

3.2. Stress response

Behavioral traits are correlated with different stress physiologies
that include the hypothalamic-pituitary-adrenal axis reactivity, oxida-
tive status, and underlying neurobiology (Biro and Stamps, 2010;
Brommer and Kluen, 2012; Carere et al., 2010; Koolhaas et al., 1999;
Raoult et al., 2012). Correlations among physiological characteristics
and behavioral traits, known as coping styles, include 2main strategies:
1) proactive strategies characterized by sympathetic and noradrenergic
response to stress and a bold, aggressive fight-or-flight behavioral re-
sponse, and 2) reactive strategies characterized by high parasympathet-
ic activation and hypothalamic-pituitary-adrenal response and low
aggression, risk aversion, and a freezing behavioral response (Carere
et al., 2010; Koolhaas et al., 1999). Coping styles are documented in a di-
versity of taxa and are heritable (Brommer and Kluen, 2012; Carere et
al., 2010; Raoult et al., 2012). Stress response traits are among those
commonly measured to define animal personalities (Fucikova et al.,
2009; Goldstein and Lawton, 2014) and screen individuals for transloca-
tion success (May et al., 2016). Different coping styles within a popula-
tion have been linked to longevity, propensity to disperse, and
reproductive success (Carere et al., 2010; Hall et al., 2015) under differ-
ent socio-environmental conditions.
Some individuals may be more susceptible to negative impacts of
capture stress and trap mortality. Capture and handling are considered
among the most stressful events that wild ungulates, and likely many
other taxa, experience (Montané et al., 2003). Increased sympathetic ac-
tivation and circulating levels of testosterone and cortisol, as observed
in bold, aggressive individuals (Carere et al., 2010), are associated
with increased risk of cardiovascular problems, decreased immune re-
sponse, potential for lowered reproductive success, body mass, and
growth (Carere et al., 2010; Lupien et al., 2009; von der Ohe and
Servheen, 2002), exhaustion, hyperthermia, muscle myopathy, rhabdo-
myolysis, and necrosis (Montané et al., 2003). Because coping styleswill
confer fitness advantages in some situations and disadvantages in
others, there may be an interaction between coping style and demo-
graphic parameters (similar to those reviewed in Anthony and
Blumstein, 2000). It is therefore important for conservation practi-
tioners to consider how external stressors, including the actions of re-
searchers, may differentially impact individuals under study, and exert
selective forces that benefit some individuals and adversely affect
others.

3.3. Movement and space use

Movements such as foraging, space use, and dispersal are behaviors
that vary among individuals (Taylor and Cooke, 2014) and are often cor-
related with other consistent behavioral traits. Individuals differ in the
magnitude of their movements, movement patterns, and propensity
to disperse from the natal area. Such heterogeneity in movement pat-
tern and capacity contributes to variability in conspecific and
heterospecific interactions, resource use, and competition (Austin et
al., 2004; Spiegel et al., 2015) and can influence gene flow, population
dynamics, and the distribution and colonization potential of species
(Bowler and Benton, 2005; Canestrelli et al., 2015; Cote et al., 2010).
Tendency to disperse from the natal area is associated with behavioral
traits that include boldness, activity, exploration, aggression, and de-
creased sociability across many taxa, with activity and exploration
most influential in all stages (Armitage et al., 2011; Duckworth and
Badyaev, 2007; Duckworth and Kruuk, 2009; Merrick and Koprowski,
2016; Thorlacius et al., 2015). Further, personalities may contribute to
themaintenance of leptokurtic distributions of dispersal distanceswith-
in a population, whereby a few individuals each generation disperse
very long distances (Fraser et al., 2001). Natal dispersal is often treated
simplistically in population models in which a single fixed dispersal
strategy (e.g. random walks) is used to characterize dispersal move-
ments (Bowler and Benton, 2005; del Mar Delgado and Penteriani,
2008; Hawkes, 2009), when in reality there is an underlying distribu-
tion of dispersal probabilities and distances. Further, if dispersal is tied
to behavioral or physiological traits under selection via predation or
harvest (see Section 3.7 below), altered selective pressure could have
implications for population dynamics, and species' ability to track shifts
in habitat distribution and colonize new areas.

Animal personality, individual physical condition, resource availabil-
ity, conspecifics, and habitat can interact to influence perceptions of
habitat quality, landscape permeability, and how individuals move on
the landscape (Bakker and Van Vuren, 2004; Bélisle, 2005; Clobert et
al., 2009; Debeffe et al., 2012; Spiegel et al., 2015; Wey et al., 2015). In
Roe deer (Capreolus capreolus), individual condition and habitat influ-
enced dispersal movements and perceived landscape connectivity.
Heavier individuals tended to inhabit rich, heterogeneous habitats and
were more likely to disperse and move farther compared to animals in
forested habitat, which tended to be lighter. Conversely, red squirrels
(Tamiasciurus hudsonicus) of low body mass were more likely to cross
large clear cuts allowing them to save energy and avoid conspecific ag-
gression (Bakker and Van Vuren, 2004). Behavioral traits (boldness and
aggressiveness), sex, social information via conspecific space use inten-
sity, and availability of food, cover, and refuge influenced movement
patterns of sleepy lizards (Tiliqua rugosa), and interactions among
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these factors became more intense when resource availability was low
(Spiegel et al., 2015).

Spatially explicit demographic models that account for inter-indi-
vidual differences in movement behavior and propensity to interact
with landscape features may more reliably estimate species range dy-
namics and extinction risk (Fordham et al., 2014). In northern snake-
necked turtles (Chelodina rugosa), models that accounted for interac-
tions between individual movement behavior and landscape structure
(functional connectivity) resulted in elevated rates of local extinction
risk and slower rates of range contraction compared to models that
only incorporated structural connectivity (Fordhamet al., 2014). The in-
fluence of personalities on space use and other movements can be
accounted for in spatially explicit models by inclusion of individuals as
random effects in linear mixed-effects models, allowing researchers to
assess the influence of individual heterogeneity on the process of inter-
est (e.g. Börger et al., 2006).

3.4. Habitat selection

Personalities and individual states can be associated with prefer-
ences for particular components of habitat or niches (Boon et al.,
2008; Pearish et al., 2013; Wilson et al., 1993), and observed habitat
preferences are repeatable (Alcalay et al., 2014). Personality-dependent
habitat selection can influence the density and dispersion of individuals,
promote the maintenance of personality variation within a population
(Stamps and Groothuis, 2010), and may represent a mechanism for
sympatric speciation. Such behavior–environment correlations develop
when individuals with particular behavioral traits occurmore frequent-
ly in certain environmental contexts compared to others (Dingemanse
et al., 2009; Stamps and Groothuis, 2010), and such contexts could in-
clude risk of predation (Bonnot et al., 2015; Boon et al., 2008), microcli-
mates (Cerqueira et al., 2016), habitat, and social structure (Pearish et
al., 2013). Increased exploration, use of open areas, and tendency for in-
creased predationwere observed in active and bold North American red
squirrels (Tamiasciurus hudsonicus; Boon et al., 2008) and pumpkinseed
sunfish (Lepomis gibbosus; Wilson et al., 1993), and risk-tolerant roe
deer (Capreolus capreolus; Bonnot et al., 2015). Bold Nile tilapia
(Oreochromis niloticus) consistently prefer warmer thermal microcli-
mates such that temperature preference can be used as a proxy to
screen for other behavior traits (Cerqueira et al., 2016). Three-spined
sticklebacks (Gasterosteus aculeatus) exhibit consistent inter-individual
differences in microhabitat use: solitary exploratory individuals prefer
open habitat and solitary less exploratory individuals prefer more
cover (Pearish et al., 2013).

Considerable variability in structure and quality may exist within
habitat types, and spatial heterogeneity in habitat may in turn contrib-
ute to spatial heterogeneity in behavior and other traits observed in
wildlife species. The relationship between diversity in habitat and be-
havioral traits could have important implications for management of
wildlife and habitats (Boon et al., 2008; Pearish et al., 2013). Habitat
modifications and restoration efforts may confer fitness advantages for
some individuals, and disadvantages for others based upon individual
state and personality. Conservation practitioners can benefit from con-
sidering how habitat alterations may differentially impact individuals
in a population andprovide sufficient heterogeneity to support diversity
in individual states and behavioral traits (Smith and Blumstein, 2013).

3.5. Mate choice and reproductive success

Just as individual behavioral trait variation provides a substrate for
natural selection (Sih et al., 2004a; vanOers et al., 2005), evidence accu-
mulates to suggest that behavioral traits associatedwith animal person-
ality play a role in sexual selection and partner compatibility, influence
mating success and fitness in heterogeneous environments, and rein-
force the maintenance of inter-individual behavior variation (Gabriel
and Black, 2012; Schuett et al., 2010; Sih et al., 2014; van Oers et al.,
2008). Sex differences in mean behavior intensity or variability can re-
sult in sexual selection for assortative and disassortative behavioral
traits (see Schuett et al., 2010 for a thorough review). Boldness, docility,
and other behavioral traitsmay behonest signals ofmate quality and re-
flect information about a potential mate's physiology, natal environ-
ment (including parental phenotypes), and life history strategy
(Teyssier et al., 2014). Selection of preferred behavioral traits may also
be context specific, revealing one mechanism for mate choice variation
within a population. In common lizards (Zootoca vivipara), individuals
vary consistently in sociability and activity and mate preference is de-
pendent on predation risk. Females reared in the absence of predator
cues chose active males as mates. When presented with predator cues
prior to mating, females exhibited no mate preference (Teyssier et al.,
2014). Because male activity level is heritable, females may select
mates thatwill confer offspring behavioral traits with the best prospects
for survival depending upon predation risk (Teyssier et al., 2014). Male
Atlantic mollies (Poecilia mexicana), differ consistently in activity level
and boldness, and the intensity of both behavioral traits is reduced
when more males are present (i.e. sperm competition is high;
Bierbach et al., 2015). The strength ofmale preference for larger females
was both personality and context dependent: bold, activemales housed
with other males had stronger preference for large females (Bierbach et
al., 2015).

Personalitiesmay influence the rate of extrapair copulations, partner
compatibility, number of successful matings, and offspring survival and
recruitment. In great tits (Parus major), males and females vary consis-
tently in exploratory behavior; the probability of being cuckolded
(broodswith extrapair offspring) was highest in extreme fast-exploring
and slow-exploring pairs (van Oers et al., 2008). Male water striders
(Aquarius remigis) differ consistently in levels of activity and aggression;
active-aggressive males spent the most time searching for females and
had the highest mating success and this relationship was consistent
across social contexts (Sih et al., 2014). In yellow-bellied marmots, fe-
males differ in levels of amicability and social behaviors; adult female
sociabilitywas positively correlatedwith reproductive success, and sub-
sequent recruitment of yearling female into the population (Armitage,
1986). Steller's jays (Cyanocitta stelleri) vary consistently in exploration
and risk-taking behavior; individuals paired with behaviorally similar
partners experienced increased reproductive success and behavioral
matching may be most important in poor years (Gabriel and Black,
2012). Studies of mate choice may be biased by the behavioral traits of
individuals sampled (David and Cézilly, 2011) and associated social
context. Personality-dependent heterogeneity in mate choice and re-
productive success may be an important consideration for increasing
success of captive breeding programs (Greggor et al., 2016), conserva-
tion of species with complex mating and social systems, and popula-
tions that are in decline or threatened due in part to low reproductive
success.

3.6. Parasite infections

Some behavioral traits may increase exposure and susceptibility to
parasites, with implications for the conservation of host species and
the maintenance of imperfect levels of host defense observed in wild
populations (Avilés and Parejo, 2011). Individualsmay differ in their ex-
posure to parasites basedupon their behavioral tendencies, and once in-
fected, parasites can alter host behavior in a manner conducive to
parasite transmission (Barber and Dingemanse, 2010; Poulin, 2013).
Host behavior manipulation by parasites influences many factors asso-
ciated with wildlife research to include habitat use, risk taking,
trappability, and population dynamics, and is considered anothermech-
anism that can influence inter-individual behavior differences in wild-
life populations (Barber and Dingemanse, 2010; Dobson, 1988).
Malaria (Plasmodium and Leucocytozoon) infection affected problem
solving ability, exploration, and risk taking in great tits (Dunn et al.,
2011). Similarly, malaria-infected common nightingales (Luscinia
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megarhynchos) exhibited increased neophilia and risk taking behavior
(Marinov et al., 2015).

Behavioral traits that make individuals more susceptible to parasite
infection include increased sociability and social behaviors such as
allogrooming, foraging behavior, increased exploration, and neophilia
(Barber and Dingemanse, 2010). The interplay among parasites, para-
site avoidance, individual behavior, and fitness is complex (Barber and
Dingemanse, 2010) and can play a role in population dynamics. Para-
sites can contribute to the regulation of host populations (Tompkins
and Begon, 1999), and their role in host population dynamics is a key
issue in the conservation and management of threatened wildlife spe-
cies (Thompson et al., 2010). How parasites influence individual behav-
iors and the extent to which personalities contribute to parasite
infection and transmission in wildlife populations can provide insight
into the prediction and potential mitigation of outbreaks, associated fit-
ness costs, and transmission to humans. This is particularly relevant for
imperiled or endemic species faced with non-native species and associ-
ated exposure to novel parasites via spillover (e.g. Thompson et al.,
2010). Studies designed to quantify behavioral traits within a popula-
tion should consider assessing parasite infection as an environmental
covariate (Dunn et al., 2011). Increased surveillance of parasites inwild-
life populations via non-invasive molecular tools (Thompson et al.,
2010) can enhance our understanding of the relationships among para-
site infections, infection intensity, animal personality, and population
dynamics.

3.7. Harvest success and population implications

Individuals in a population vary in detection and capture probabili-
ties (see Section 3.1 above), and may differ in the likelihood of being
depredated by natural predators or harvested via hunting and fishing,
with the likelihood of being depredated or harvested dependent upon
interactions between behavior and environment. In both wildlife and
fisheries, larger, older, or faster-growing individuals tend to be selected
for harvest both for cultural reasons (e.g. trophy size) and due to regu-
lations on minimum size limits (Biro and Post, 2008; Coltman et al.,
2003; Monteith et al., 2013). Artificial selection for phenotypic traits
via harvest is shown to influence both the demographic and phenotypic
composition of populations, resulting in decreased abundance of desir-
able individuals (Coltman et al., 2003; Festa-Bianchet, 2003), and desir-
able phenotypic traits are often correlatedwith behavior. In fishes, bold,
aggressive exploratory behavioral traits are correlated with faster
growth rates (Biro, 2013; Biro and Post, 2008), and in natural popula-
tions, growth rate and size are maintained below maximum levels by
negative selection from predators as the boldest, fastest growing indi-
viduals are most likely to forage in risky open water habitats (Biro et
al., 2004). Commercial and recreational fisheries impose similar, often
more intense negative selection (Biro and Post, 2008; Hessenauer et
al., 2015; Mittelbach et al., 2014). In a simulated intensive commercial
gillnet fishery on trout, fast-growing, active, bold individuals were har-
vested at three times the rate of slow-growing, shy individuals indepen-
dent of body size, an example of fisheries-induced evolution of a life
history trait (growth rate; Biro and Post, 2008). Because certain person-
alities are more vulnerable to harvest, minimum size limit regulations
will not reduce negative selection and loss of fast-growing genotypes
from the population, which leads to slower-growing, less fecund fisher-
ies with lower yields – an important consideration for the recovery of
threatened fisheries (Biro and Post, 2008). Recreational angling is also
shown to impose artificial selection on heritable, correlated behaviors
including boldness, exploration, activity, foraging behavior, restingmet-
abolic rate, and nest defense in bass (Micropterus spp.) (Hessenauer et
al., 2015) and Eurasian perch (Perca fluviatilis) (Härkönen et al., 2015).
In species where nest defense is essential for increasing egg and larval
survival, anglingmay be detrimental to population recovery and persis-
tence as bold, aggressive individualsmay be the best nest defenders, but
also the most likely to be caught (Mittelbach et al., 2014).
Fewer data demonstrate direct correlations between behavioral
traits and vulnerability to anthropogenic hunting, but evidence suggests
that some behavioral traits may increase susceptibility to hunter har-
vest. Bighorn sheep (Ovis canadensis) ewes that were more likely to be
trapped were considered bold, reproduced earlier, and had higher
weaning success (Réale et al., 2000). However, during years of high pre-
dation frommountain lions (Puma concolor), bold, less docile eweswere
less likely to be depredated by a natural predator (Réale and Festa-
Bianchet, 2003). Bold, active elk (Cervus elaphus) males and females ex-
hibited increased use of open areas andweremost likely to beharvested
by hunters (Ciuti et al., 2012). Similarly, some individual black bears
(Ursus americanus) were more likely to be trapped, observed in camera
traps, and shot by hunters irrespective of sex, age, or time spent in the
study area (Noyce et al., 2001). Recommendations to counteract the ef-
fects of hunter harvest on decreased antler size, reducedmale age struc-
ture, and associated life history traits include less selective pressure on
large, fast growing males, and increased harvest of females (Monteith
et al., 2013). However, if certain individuals are behaviorally vulnerable
to harvest independent of age, size, and sex (Biro and Post, 2008), har-
vest may continue to exert negative selective pressure on fast-growing,
bold, active individuals, with potential to increase the frequency of
small, shy animals with decreased fecundity in the population (exploi-
tation-induced evolutionary change; Ciuti et al., 2012). Artificial selec-
tion for shy, less active, slower growing individuals in fish and wildlife
populations can result in decreased detection of individuals by re-
searchers, and yield by hunters and anglers. Thus management recom-
mendations should address ways to maintain diversity in physical and
behavioral phenotypes via flexible adaptive management of harvested
populations (Smith and Blumstein, 2013).

3.8. Effects of anthropogenic disturbance

Human-induced changes to earth's ecosystems are pervasive and
drive observable evolutionary change in fish and wildlife populations
(Smith and Bernatchez, 2008). Selective pressures exerted by urbaniza-
tion, landscape fragmentation, and climate change are generally beyond
the scope of environmental conditions under which species have
evolved (Lowry et al., 2013; Sih, 2013; Sol et al., 2013). Individuals
vary in their ability to tolerate such disturbances, with population-
level implications. Bold, aggressive, exploratory individuals have re-
duced neophobia to objects and food and are more likely to tolerate an-
thropogenic disturbances, move through human-modified landscapes,
and colonize new areas (Duckworth and Badyaev, 2007; Sol et al.,
2013; Tuomainen and Candolin, 2011). The tendency for increased
density and aggression and decreased wariness and fear of humans in
urbanized environments, has been termed the “urban wildlife syn-
drome” documented in many synurbic species such as gray squirrels
(Sciurus carolinensis) and coyote (Canis latrans) (Parker and Nilon,
2008 and references therein).

How adaptive particular behavioral traits are in response to anthro-
pogenically created novel situations and environments is context de-
pendent (Sih, 2013; Tuomainen and Candolin, 2011), but in general
bold, docile, active, explorers tend to be innovative and quick learners
(Guillette et al., 2009; Titulaer et al., 2012), exhibitmore behavioralflex-
ibility (Frost et al., 2007), are less stressed by human presence, and are
more successful in the face of urbanization anddisturbance (see reviews
by Lowry et al., 2013; Sol et al., 2013). In great tits (Parus major), nes-
tling provisioning behavior and nest success in the face of anthropogen-
ic noise depended upon the personality of both parents, where active,
exploratory males and less active, slow exploring females were more
tolerant of noise and visited nests more frequently (Naguib et al.,
2013). Rapid phenotypic divergences were observed between urban
and rural dark-eyed junco (Junco hyemalis thurberi) populations in
their native montane breeding range and a newly colonized (c.a.
1983) urban population (Atwell et al., 2012). Urban colonists exhibited
consistently higher levels of corticosterone, bold, exploratory behavior
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traits, and lower flight initiation compared to individuals in the native
montane population (Atwell et al., 2012).

How individual behaviors, life history traits, and associated popula-
tion parameters change in response to anthropogenically-altered
environments has positive and negative implications for wildlife
management and conservation (Lowry et al., 2013; Thompson and
Henderson, 1998). Disturbance-adapted individuals may bemore likely
to utilize novel, conservation-oriented structures such as wildlife cross-
ings, nest boxes, artificial roosts, enter traps for the purposes ofmarking,
radio-collaring, collection of biophysical samples, or translocation, and
accept vaccine baits. Conversely, disturbance-adapted individuals are
more likely to become human commensals or pests that increase
human-wildlife conflicts, transmit zoonotic diseases, colonize new
areas (Duckworth, 2008), or become invasive. The maintenance of
less-disturbed buffers around highly disturbed areasmay promote utili-
zation by and continued survival of individuals that are less behaviorally
suited to anthropogenically altered environments (Blumstein et al.,
2003; Richardson and Miller, 1997).

3.9. Wildlife control and invasive species

Propagule pressure alone may not sufficiently predict successful in-
vasion and establishment of non-native species (Chapple et al., 2012).
The behavioral traits of non-native individuals that colonize new areas
at the invasion front tend to differ from the source population mean
and are characterized by increased aggression (Duckworth and
Badyaev, 2007; Winandy and Denoël, 2015), boldness, and activity
(Brodin and Drotz, 2014; Thorlacius et al., 2015); correlated traits
often considered together as an ‘invasion syndrome’ (Chapple et al.,
2012). Different personalities and behavioral syndromes may be fa-
vored at various stages of invasion or colonization (Chapple et al.,
2012; Wolf and Weissing, 2012) and have consequences for manage-
ment and control efforts (Juette et al., 2014). Behavioral traits of invad-
ing individuals can impact native residents via increased competition,
agonistic interactions, and disease transmission. The extent towhich in-
vading individuals negatively impact residents, in turn, depends upon
the behavioral traits of individual residents.

The interaction of environmental conditions, behavioral traits, and
competitive abilities among native and non-native species may predict
the exclusion or persistence of the native species in the presence of an
invasive (Winandy and Denoël, 2015), particularly when the invader
is ecologically similar (Pintor et al., 2008). In palmate newts (Lissotriton
helveticus), aggression from a non-native predator (goldfish; Carassius
auratus), individual boldness, and developmental phenotype
(metamorphs or paedomorphs) influenced time spent foraging. This in-
teraction among behavioral and physical traits of native and non-native
species may explain how non-native goldfish, which do not prey upon
newts, contributed to a dramatic decline in newt abundance
(Winandy and Denoël, 2015). Resource abundance may modulate be-
havioral traits such that agonistic interactions and competition among
invasive and native species may be intensified in low resource situa-
tions. Invasive signal crayfish (Pacifastacus leniusculus) were bolder
and more aggressive in streams with low prey availability; boldness
and aggression were reduced in streams with more prey, even in the
presence of a native congener (Pintor et al., 2008). Increased tempera-
tures as a result of global climate changemay influence behavioral traits,
invasion success, and intensity of competition between native and non-
native species. In poikilothermic organisms, environmental tempera-
ture can influence behavioral trait expression,metabolic rates, food con-
sumption, and invasion success. A 3 °C increase in water temperature
resulted in increased activity, aggression, and boldness in invasive red
swamp crayfish (Procambarus clarkii; (Zhao and Peishan, 2015).

Once an invasive species is established, control efforts may modify
the behavioral composition of the invasive population, complicating
complete eradication (Juette et al., 2014; Tuyttens et al., 1999). Behav-
ioral traits that contribute to invasion success (e.g. boldness, activity,
aggression) are also associated with increased trappability and capture
success (see Section 3.1 above), and trapping efforts to control invasives
may be more effective on bold individuals and inadvertently introduce
artificial selection for shy and less trappable individuals (Tuyttens et
al., 1999) or less dominant individuals (Stuecheli, 1991), making enu-
meration and eradication more difficult. Multiple capture or control
measuresmay be undertaken simultaneously so as not to bias efforts to-
wards any particular behavioral phenotype.

3.10. Reintroduction, translocation, and captivity

Considerable variation exists in how species and individual animals
respond to captive environments (Mason, 2010; McDougall et al.,
2006). Bold, docile, less active behavioral traits are associated with in-
creased fitness in captivity compared to shy, aggressive, active types
and this fitness dichotomy, in conjunctionwith artificial, anthropogenic
selection, has led to altered behavioral traits in captive populations over
relatively short time periods (McDougall et al., 2006). Such contempo-
rary evolutionary shifts in the behavioral traits of captive populations
can hamper the success of reintroduction efforts (Reading et al., 2013)
by reducing behavioral heterogeneity and associated genetic diversity
that is adaptive in the wild (Smith and Blumstein, 2013). Therefore
the maintenance of behavioral heterogeneity in captive populations is
an important consideration for the management of wildlife in zoos or
captive breeding centers, particularly for the implementation of translo-
cation and reintroduction efforts (Reading et al., 2013; Shepherdson,
1994).

Reintroduction success may depend in part upon individual ability
to move through and navigate structurally complex environments,
avoid predators, forage efficiently, interact socially, respond to stress,
select habitat components, and avoid humans (May et al., 2016;
Reading et al., 2013). Provision of diverse rearing environments or sim-
ulated habitats, skill training, and enrichment activities has aided in de-
velopment of key behaviors in preparation for reintroduction
(McDougall et al., 2006; Reading et al., 2013; Shepherdson, 1994;
Watters and Meehan, 2007). Appropriate enrichment and skill training
has improved reintroduction success in many threatened and endan-
gered species including black-footed ferrets (Mustela nigripes), Colum-
bia Basin pygmy rabbits (Brachylagus idahoensis), black-tailed prairie
dogs (Cynomys ludovicianus), California condors (Gymnogyps
californianus), and American bison (Bison bison) (Reading et al., 2013).
Behavioral assays of individuals along several trait axes pre-release al-
lows managers to select a more behaviorally (and presumably physio-
logically and genetically) diverse group slated for release (May et al.,
2016; Reading et al., 2013; Smith and Blumstein, 2013; Watters and
Meehan, 2007) and may serve to increase survival and persistence
post-release.

4. Conclusions

Animal personalities and behavioral syndromes influence popula-
tion-level processes and result in ecological interactions important in
applied wildlife conservation and management (Smith and Blumstein,
2013). Rather than just noise around a population mean, individually
distinct behavioral traits have observable ecological and evolutionary
consequences (Réale et al., 2007; Sih et al., 2012; Wolf and Weissing,
2012). That personalities and behavioral syndromes are maintained
within populations is testament to their importance, not only as the
canvas uponwhich natural selection acts, but also as the products of nat-
ural selection (Réale et al., 2007). Heterogeneity in availability of food,
mates, territories, competition intensity, predation risk, and susceptibil-
ity to parasites across time and space are examples of selective forces
that act to maintain distinct personalities and behavioral syndromes
within a population (Wolf and Weissing, 2010). As products of natural
selection, observed rapid changes to the frequency of individually dis-
tinct behavioral traits within populations facing strong selection (e.g.
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from harvest, urbanization, captivity, invasive species) are examples of
contemporary evolution and serve as reminders that management
actions can have evolutionary consequences (Ashley et al., 2003;
Stockwell et al., 2003). Therefore the ecological and evolutionary conse-
quences of anthropogenic disturbance andmanagement actions on per-
sonality and behavioral syndromes should be considered along with
other ecologically important traits to ensure evolutionary enlightened
management (Ashley et al., 2003).

Here we summarize how consideration of animal personality and
behavioral syndromes provides important insight into applied wildlife
conservation research. Direct measurement of behavioral traits and
documenting animal personality can be time consuming, data intensive,
and potentially subject individuals to added stress, and may therefore
not be feasible in some wildlife conservation studies. However, consid-
eration of animal personality, even without direct measure, may ac-
count for unexplained variability in population models and studies of
resource and mate selection, reduce bias in, and reduce unintentional
selection for particular behavioral traits via wildlife harvest, control,
and reintroduction effortswhile facilitating improvedwildlife conserva-
tion in the face of anthropogenic disturbance and changing landscapes.
Where possible, we suggest that managers consider the following:

1. Account for inter-individual behavioral heterogeneity by including
individuals as random effects in linear mixed-effects models of re-
source selection (e.g. Duchesne et al., 2010), movement (Börger et
al., 2006), and population demographics (e.g. Fiske and Chandler,
2011).

2. Promote the maintenance of diverse behavioral traits in wild and
captive populations by retaining environmental heterogeneity and
structural complexity (Smith and Blumstein, 2013).

3. Adopt flexible, adaptive management strategies for harvested popu-
lations that maintain diversity in physical and behavioral traits
(Coltman et al., 2003; Festa-Bianchet, 2003; Smith and Blumstein,
2013).

4. Consider how conservation and management actions may influence
ecologically important behavioral traits within wildlife populations
based upon what is currently known about the population. Consider
what new insights may arise from collecting information on person-
ality variation.

Supplementary data to this article can be found online at http://dx.
doi.org/10.1016/j.biocon.2017.01.021.

Acknowledgements

This research was supported by grants from the University of Arizo-
na and the Arizona Agriculture Experiment Station (long-term funds
and in-kind support to JLK). We thank R. W. Mannan, C. Conway, D.
Blumstein, and two anonymous reviewers whose comments signifi-
cantly improved this manuscript.

References

Alcalay, Y., Ovadia, O., Scharf, I., 2014. Behavioral repeatability and personality in pit-
building antlion larvae under differing environmental contexts. Behav. Ecol.
Sociobiol. 68, 1985–1993.

Angeloni, L., Schlaepfer, M.A., Lawler, J.J., Crooks, K.R., 2008. A reassessment of the inter-
face between conservation and behaviour. Anim. Behav. 75, 731–737.

Anthony, L.L., Blumstein, D.T., 2000. Integrating behaviour into wildlife conservation: the
multiple ways that behaviour can reduce N(e). Biol. Conserv. 95, 303–315.

Armitage, K.B., 1986. Individuality, social behavior, and reproductive success in yellow-
bellied marmots. Ecology 67, 1186–1193.

Armitage, K.B., Van Vuren, D.H., Ozgul, A., Oli, M.K., 2011. Proximate causes of natal dis-
persal in female yellow-bellied marmots, Marmota flaviventris. Ecology 92, 218–227.

Ashley, M.V., Willson, M.F., Pergams, O.R.W., O'Dowd, D.J., Gende, S.M., Brown, J.S., 2003.
Evolutionarily enlightened management. Biol. Conserv. 111, 115–123.

Atwell, J.W., Cardoso, G.C., Whittaker, D.J., Campbell-Nelson, S., Robertson, K.W.,
Ketterson, E.D., 2012. Boldness behavior and stress physiology in a novel urban envi-
ronment suggest rapid correlated evolutionary adaptation. Behav. Ecol. 23, 960–969.

Austin, D., Bowen,W.D., Mcmillan, J.I., 2004. Intraspecific variation inmovement patterns:
modeling individual behaviour in a large marine predator. Oikos 105, 15–30.
Avilés, J.M., Parejo, D., 2011. Host personalities and the evolution of behavioural adapta-
tions in brood parasitic-host systems. Anim. Behav. 82, 613–618.

Bakker, V.J., Van Vuren, D.H., 2004. Gap-crossing decisions by the red squirrel, a forest-de-
pendent small mammal. Conserv. Biol. 18, 689–697.

Barber, I., Dingemanse, N.J., 2010. Parasitism and the evolutionary ecology of animal per-
sonality. Philos. Trans. R. Soc. Lond. Ser. B Biol. Sci. 365, 4077–4088.

Bélisle, M., 2005. Measuring landscape connectivity: the challenge of behavioral land-
scape ecology. Ecology 86, 1988–1995.

Berger-Tal, O., Blumstein, D.T., Carroll, S., Fisher, R.N., Mesnick, S.L., Owen, M.A., Saltz, D.,
St. Claire, C.C., Swaisgood, R.R., 2016. A systematic survey of the integration of animal
behavior into conservation. Conserv. Biol. 30, 744–753.

Bierbach, D., Sommer-Trembo, C., Hanisch, J., Wolf, M., Plath, M., 2015. Personality affects
mate choice: bolder males show stronger audience effects under high competition.
Behav. Ecol. 26, 1314–1325.

Biro, P.A., 2013. Are most samples of animals systematically biased? Consistent individual
trait differences bias samples despite random sampling. Oecologia 171, 339–345.

Biro, P.A., Dingemanse, N.J., 2008. Sampling bias resulting from animal personality. Trends
Ecol. Evol. 24, 66–67.

Biro, P.A., Post, J.R., 2008. Rapid depletion of genotypes with fast growth and bold person-
ality traits from harvested fish populations. Proc. Natl. Acad. Sci. U. S. A. 105,
2919–2922.

Biro, P.A., Stamps, J.A., 2010. Do consistent individual differences in metabolic rate pro-
mote consistent individual differences in behavior? Trends Ecol. Evol. 25, 653–659.

Biro, P.A., Abrahams, M.V., Post, J.R., Parkinson, E.A., 2004. Predators select against high
growth rates and risk-taking behaviour in domestic trout populations. Proc. R. Soc.
B Biol. Sci. 271, 2233–2237.

Blumstein, D.T., Fernández-Juricic, E., 2010. A Primer of Conservation Behavior. first ed.
Sinauer Associates, Inc., Sunderland, MA.

Blumstein, D.T., Anthony, L.L., Harcourt, R., Ross, G., 2003. Testing a key assumption of
wildlife buffer zones: is flight initiation distance a species-specific trait? Biol. Conserv.
110, 97–100.

Bonnot, N., Verheyden, H., Blanchard, P., Cote, J., Debeffe, L., Cargnelutti, B., Klein, F.,
Hewison, A.J.M., Morellet, N., 2015. Interindividual variability in habitat use: evidence
for a risk management syndrome in roe deer? Behav. Ecol. 26, 105–114.

Boon, A.K., Réale, D., Boutin, S., 2008. Personality, habitat use, and their consequences for
survival in North American red squirrels Tamiasciurus hudsonicus. Oikos 117,
1321–1328.

Börger, L., Franconi, N., Ferretti, F., Meschi, F., De Michele, G., Gantz, A., Coulson, T., 2006.
An integrated approach to identify spatiotemporal and individual-level determinants
of animal home range size. Am. Nat. 168, 471–485.

Bowler, D.E., Benton, T.G., 2005. Causes and consequences of animal dispersal strategies:
relating individual behaviour to spatial dynamics. Biol. Rev. 80, 205–225.

Boyer, N., Réale, D., Marmet, J., Pisanu, B., Chapuis, J.L., 2010. Personality, space use and
tick load in an introduced population of Siberian chipmunks Tamias sibiricus.
J. Anim. Ecol. 79, 538–547.

Brodin, T., Drotz, M.K., 2014. Individual variation in dispersal associated behavioral traits
of the invasive Chinese mitten crab (Eriocheir sinensis, H. Milne Edwards, 1854) dur-
ing initial invasion of Lake Vänern, Sweden. Curr. Zool. 60, 410–416.

Brommer, J.E., Kluen, E., 2012. Exploring the genetics of nestling personality traits in a
wild passerine bird: testing the phenotypic gambit. Ecol. Evol. 2, 3032–3044.

Byrne, A.W., O'Keeffe, J., Green, S., Sleeman, D.P., Corner, L.A.L., Gormley, E., Murphy, D.,
Martin, S.W., Davenport, J., 2012. Population estimation and trappability of the Euro-
pean badger (Meles meles): Implications for tuberculosis management. PLoS One 7,
e50807.

Canestrelli, D., Bisconti, R., Carere, C., 2015. Bolder takes all? The behavioral dimension of
biogeography. Trends Ecol. Evol. 31, 35–43.

Carere, C., Caramaschi, D., Fawcett, T.W., 2010. Covariation between personalities and in-
dividual differences in coping with stress: converging evidence and hypotheses. Curr.
Zool. 56, 728–741.

Caro, T., 2007. Behavior and conservation: a bridge too far? Trends Ecol. Evol. 22,
394–400.

Carter, A.J., Heinsohn, R., Goldizen, A.W., Biro, P.A., 2012. Boldness, trappability and sam-
pling bias in wild lizards. Anim. Behav. 83, 1051–1058.

Cerqueira, M., Rey, S., Silva, T., Featherstone, Z., Crumlish, M., MacKenzie, S., Jentoft, S.,
2016. Thermal preference predicts animal personality in Nile tilapia Oreochromis
niloticus. J. Anim. Ecol. 85, 1389–1400.

Chapple, D.G., Simmonds, S.M., Wong, B.B.M., 2012. Can behavioral and personality traits
influence the success of unintentional species introductions? Trends Ecol. Evol. 27,
57–64.

Ciuti, S., Muhly, T.B., Paton, D.G., McDevitt, A.D., Musiani, M., Boyce, M.S., 2012. Human se-
lection of elk behavioural traits in a landscape of fear. Proc. R. Soc. B Biol. Sci. 279,
4407–4416.

Clobert, J., Le Galliard, J.-F., Cote, J., Meylan, S., Massot, M., 2009. Informed dispersal, het-
erogeneity in animal dispersal syndromes and the dynamics of spatially structured
populations. Ecol. Lett. 12, 197–209.

Coltman, D.W., O'Donoghue, P., Jorgenson, J.T., Hogg, J.T., Strobeck, C., Festa-Bianchet, M.,
2003. Undesirable evolutionary consequences of trophy hunting. Nature 426,
655–658.

Conrad, J.L., Weinersmith, K.L., Brodin, T., Saltz, J.B., Sih, A., 2011. Behavioural syndromes
in fishes: a review with implications for ecology and fisheries management. J. Fish
Biol. 78, 395–435.

Cote, J., Clobert, J., Brodin, T., Fogarty, S., Sih, A., 2010. Personality-dependent dispersal:
characterization, ontogeny and consequences for spatially structured populations.
Philos. Trans. R. Soc. Lond. Ser. B Biol. Sci. 365, 4065–4076.

David, M., Cézilly, F., 2011. Personality may confound common measures of mate-choice.
PLoS One 6, e24778.

http://dx.doi.org/10.1016/j.biocon.2017.01.021
http://dx.doi.org/10.1016/j.biocon.2017.01.021
http://refhub.elsevier.com/S0006-3207(17)30155-6/rf0005
http://refhub.elsevier.com/S0006-3207(17)30155-6/rf0005
http://refhub.elsevier.com/S0006-3207(17)30155-6/rf0005
http://refhub.elsevier.com/S0006-3207(17)30155-6/rf0010
http://refhub.elsevier.com/S0006-3207(17)30155-6/rf0010
http://refhub.elsevier.com/S0006-3207(17)30155-6/rf0015
http://refhub.elsevier.com/S0006-3207(17)30155-6/rf0015
http://refhub.elsevier.com/S0006-3207(17)30155-6/rf0020
http://refhub.elsevier.com/S0006-3207(17)30155-6/rf0020
http://refhub.elsevier.com/S0006-3207(17)30155-6/rf0025
http://refhub.elsevier.com/S0006-3207(17)30155-6/rf0025
http://refhub.elsevier.com/S0006-3207(17)30155-6/rf0030
http://refhub.elsevier.com/S0006-3207(17)30155-6/rf0035
http://refhub.elsevier.com/S0006-3207(17)30155-6/rf0035
http://refhub.elsevier.com/S0006-3207(17)30155-6/rf0040
http://refhub.elsevier.com/S0006-3207(17)30155-6/rf0040
http://refhub.elsevier.com/S0006-3207(17)30155-6/rf0045
http://refhub.elsevier.com/S0006-3207(17)30155-6/rf0045
http://refhub.elsevier.com/S0006-3207(17)30155-6/rf0050
http://refhub.elsevier.com/S0006-3207(17)30155-6/rf0050
http://refhub.elsevier.com/S0006-3207(17)30155-6/rf0055
http://refhub.elsevier.com/S0006-3207(17)30155-6/rf0055
http://refhub.elsevier.com/S0006-3207(17)30155-6/rf0060
http://refhub.elsevier.com/S0006-3207(17)30155-6/rf0060
http://refhub.elsevier.com/S0006-3207(17)30155-6/rf0065
http://refhub.elsevier.com/S0006-3207(17)30155-6/rf0065
http://refhub.elsevier.com/S0006-3207(17)30155-6/rf0070
http://refhub.elsevier.com/S0006-3207(17)30155-6/rf0070
http://refhub.elsevier.com/S0006-3207(17)30155-6/rf0070
http://refhub.elsevier.com/S0006-3207(17)30155-6/rf0075
http://refhub.elsevier.com/S0006-3207(17)30155-6/rf0075
http://refhub.elsevier.com/S0006-3207(17)30155-6/rf0080
http://refhub.elsevier.com/S0006-3207(17)30155-6/rf0080
http://refhub.elsevier.com/S0006-3207(17)30155-6/rf0085
http://refhub.elsevier.com/S0006-3207(17)30155-6/rf0085
http://refhub.elsevier.com/S0006-3207(17)30155-6/rf0085
http://refhub.elsevier.com/S0006-3207(17)30155-6/rf0090
http://refhub.elsevier.com/S0006-3207(17)30155-6/rf0090
http://refhub.elsevier.com/S0006-3207(17)30155-6/rf0095
http://refhub.elsevier.com/S0006-3207(17)30155-6/rf0095
http://refhub.elsevier.com/S0006-3207(17)30155-6/rf0095
http://refhub.elsevier.com/S0006-3207(17)30155-6/rf0100
http://refhub.elsevier.com/S0006-3207(17)30155-6/rf0100
http://refhub.elsevier.com/S0006-3207(17)30155-6/rf0105
http://refhub.elsevier.com/S0006-3207(17)30155-6/rf0105
http://refhub.elsevier.com/S0006-3207(17)30155-6/rf0105
http://refhub.elsevier.com/S0006-3207(17)30155-6/rf0110
http://refhub.elsevier.com/S0006-3207(17)30155-6/rf0110
http://refhub.elsevier.com/S0006-3207(17)30155-6/rf0115
http://refhub.elsevier.com/S0006-3207(17)30155-6/rf0115
http://refhub.elsevier.com/S0006-3207(17)30155-6/rf0115
http://refhub.elsevier.com/S0006-3207(17)30155-6/rf0120
http://refhub.elsevier.com/S0006-3207(17)30155-6/rf0120
http://refhub.elsevier.com/S0006-3207(17)30155-6/rf0125
http://refhub.elsevier.com/S0006-3207(17)30155-6/rf0125
http://refhub.elsevier.com/S0006-3207(17)30155-6/rf0130
http://refhub.elsevier.com/S0006-3207(17)30155-6/rf0130
http://refhub.elsevier.com/S0006-3207(17)30155-6/rf0130
http://refhub.elsevier.com/S0006-3207(17)30155-6/rf0135
http://refhub.elsevier.com/S0006-3207(17)30155-6/rf0135
http://refhub.elsevier.com/S0006-3207(17)30155-6/rf0135
http://refhub.elsevier.com/S0006-3207(17)30155-6/rf0140
http://refhub.elsevier.com/S0006-3207(17)30155-6/rf0140
http://refhub.elsevier.com/S0006-3207(17)30155-6/rf0145
http://refhub.elsevier.com/S0006-3207(17)30155-6/rf0145
http://refhub.elsevier.com/S0006-3207(17)30155-6/rf0145
http://refhub.elsevier.com/S0006-3207(17)30155-6/rf0150
http://refhub.elsevier.com/S0006-3207(17)30155-6/rf0150
http://refhub.elsevier.com/S0006-3207(17)30155-6/rf0155
http://refhub.elsevier.com/S0006-3207(17)30155-6/rf0155
http://refhub.elsevier.com/S0006-3207(17)30155-6/rf0155
http://refhub.elsevier.com/S0006-3207(17)30155-6/rf0160
http://refhub.elsevier.com/S0006-3207(17)30155-6/rf0160
http://refhub.elsevier.com/S0006-3207(17)30155-6/rf0165
http://refhub.elsevier.com/S0006-3207(17)30155-6/rf0165
http://refhub.elsevier.com/S0006-3207(17)30155-6/rf0170
http://refhub.elsevier.com/S0006-3207(17)30155-6/rf0170
http://refhub.elsevier.com/S0006-3207(17)30155-6/rf0175
http://refhub.elsevier.com/S0006-3207(17)30155-6/rf0175
http://refhub.elsevier.com/S0006-3207(17)30155-6/rf0175
http://refhub.elsevier.com/S0006-3207(17)30155-6/rf0180
http://refhub.elsevier.com/S0006-3207(17)30155-6/rf0180
http://refhub.elsevier.com/S0006-3207(17)30155-6/rf0180
http://refhub.elsevier.com/S0006-3207(17)30155-6/rf0185
http://refhub.elsevier.com/S0006-3207(17)30155-6/rf0185
http://refhub.elsevier.com/S0006-3207(17)30155-6/rf0185
http://refhub.elsevier.com/S0006-3207(17)30155-6/rf0190
http://refhub.elsevier.com/S0006-3207(17)30155-6/rf0190
http://refhub.elsevier.com/S0006-3207(17)30155-6/rf0195
http://refhub.elsevier.com/S0006-3207(17)30155-6/rf0195
http://refhub.elsevier.com/S0006-3207(17)30155-6/rf0195
http://refhub.elsevier.com/S0006-3207(17)30155-6/rf0200
http://refhub.elsevier.com/S0006-3207(17)30155-6/rf0200
http://refhub.elsevier.com/S0006-3207(17)30155-6/rf0200
http://refhub.elsevier.com/S0006-3207(17)30155-6/rf0205
http://refhub.elsevier.com/S0006-3207(17)30155-6/rf0205


43M.J. Merrick, J.L. Koprowski Biological Conservation 209 (2017) 34–44
Debeffe, L., Morellet, N., Cargnelutti, B., Lourtet, B., Bon, R., Gaillard, J.-M., Mark Hewison,
A.J., 2012. Condition-dependent natal dispersal in a large herbivore: heavier animals
show a greater propensity to disperse and travel further. J. Anim. Ecol. 81,
1327–1337.

del Mar Delgado, M., Penteriani, V., 2008. Behavioral states help translate dispersal move-
ments into spatial distribution patterns of floaters. Am. Nat. 172, 475–485.

Dingemanse, N.J., Réale, D., 2013. What is the evidence that natural selection maintains
variation in animal personalities? In: Carere, C., Maestripieri, D. (Eds.), Animal Per-
sonalities. University of Chicago Press, Chicago and London, pp. 201–220

Dingemanse, N.J., Kazem, A.J.N., Reale, D., Wright, J., 2009. Behavioural reaction norms:
animal personality meets individual plasticity. Trends Ecol. Evol. 25, 81–89.

Dingemanse, N.J., Dochtermann, N., Wright, J., 2010. A method for exploring the structure
of behavioural syndromes to allow formal comparison within and between data sets.
Anim. Behav. 79, 439–450.

Dobson, A.P., 1988. The population biology of parasite-induced changes in host behavior.
Q. Rev. Biol. 63, 139–165.

Duchesne, T., Fortin, D., Courbin, N., 2010.Mixed conditional logistic regression for habitat
selection studies. J. Anim. Ecol. 79, 548–555.

Duckworth, R., 2008. Adaptive dispersal strategies and the dynamics of a range expan-
sion. Am. Nat. 172 (Suppl), S4–17.

Duckworth, R.A., Badyaev, A.V., 2007. Coupling of dispersal and aggression facilitates the
rapid range expansion of a passerine bird. Proc. Natl. Acad. Sci. U. S. A. 104,
15017–15022.

Duckworth, R., Kruuk, L.E.B., 2009. Evolution of genetic integration between dispersal and
colonization ability in a bird. Evolution 63, 968–977.

Dunn, J.C., Cole, E.F., Quinn, J.L., 2011. Personality and parasites: sex-dependent associa-
tions between avian malaria infection and multiple behavioural traits. Behav. Ecol.
Sociobiol. 65, 1459–1471.

Efford, M., 2016. Package secr: Spatial Explicit Capture-Recapture.
Festa-Bianchet, M., 2003. Exploitative wildlife management as a selective pressure for the

life-history evolution of large mammals. In: Festa-Bianchet, M., Apollonio, M. (Eds.),
Animal Behavior andWildlife Conservation. Island Press, Washington, D.C., pp. 191–207.

Festa-Bianchet, M., Apollonio, M., 2003. Animal Behavior and Wildlife Conservation. Is-
land Press, Washington, D.C.

Fiske, I., Chandler, R., 2011. Unmarked: an R package for fitting hierarchical models of
wildlife occurrence and abundance. J. Stat. Softw. 43, 1–23.

Foote, A.D., Thomsen, P.F., Sveegaard, S., Wahlberg, M., Kielgast, J., Kyhn, L.A., Salling, A.B.,
Galatius, A., Orlando, L., Gilbert, M.T.P., 2012. Investigating the potential use of envi-
ronmental DNA (eDNA) for genetic monitoring of marine mammals. PLoS One 7,
e41781.

Fordham, D.A., Shoemaker, K.T., Schumaker, N.H., Akçakaya, H.R., Clisby, N., Brook, B.W.,
Res, H., 2014. How interactions between animal movement and landscape processes
modify local range dynamics and extinction risk. Biol. Lett. 10.

Fraser, D.F., Gilliam, J.F., Daley, M.J., Le, A.N., Skalski, G.T., 2001. Explaining leptokurtic
movement distributions: intrapopulation variation in boldness and exploration.
Am. Nat. 158, 124–135.

Frost, A.J., Winrow-Giffen, A., Ashley, P.J., Sneddon, L.U., 2007. Plasticity in animal person-
ality traits: does prior experience alter the degree of boldness? Proc. Biol. Sci. 274,
333–339.

Fucikova, E., Drent, P.J., Smits, N., Van Oers, K., 2009. Handling stress as a measurement of
personality in great tit nestlings (Parus major). Ethology 115, 366–374.

Gabriel, P.O., Black, J.M., 2012. Behavioural syndromes, partner compatibility and repro-
ductive performance in Steller's jays. Ethology 118, 76–86.

Goldstein, E.A., Lawton, C., 2014. Ecology of Frontier Populations of the Invasive Grey
Squirrel (Sciurus carolinensis) in Ireland. PhD thesis. University College Cork.

Gosling, S.D., 2001. From mice to men: what can we learn about personality from animal
research? Psychol. Bull. 127, 45–86.

Greggor, A.L., Berger-Tal, O., Blumstein, D.T., Angeloni, L., Bessa-Gomes, C., Blackwell, B.F.,
St Clair, C.C., Crooks, K., de Silva, S., Fernández-Juricic, E., Goldenberg, S.Z., Mesnick,
S.L., Owen, M., Price, C.J., Saltz, D., Schell, C.J., Suarez, A.V., Swaisgood, R.R., Winchell,
C.S., Sutherland,W.J., 2016. Research priorities from animal behaviour formaximising
conservation progress. Trends Ecol. Evol. 2157, 1–12.

Guillette, L.M., Reddon, A.R., Hurd, P.L., Sturdy, C.B., 2009. Exploration of a novel space is
associated with individual differences in learning speed in black-capped chickadees,
Poecile atricapillus. Behav. Process. 82, 265–270.

Guillette, L.M., Bailey, A.A., Reddon, A.R., Hurd, P.L., Sturdy, C.B., 2010. A brief report: cap-
ture order is repeatable in chickadees. Int. J. Comp. Psychol. 23, 216–224.

Hall, M.L., van Asten, T., Katsis, A.C., Dingemanse, N.J., Magrath, M.J.L., Mulder R.A., 2015.
Animal personality and pace-of-life syndromes: do fast-exploring fairy-wrens die
young? Front. Ecol. Evol. 3, 1–14.

Härkönen, L., Hyvärinen, P., Niemelä, P.T., Vainikka, A., 2015. Behavioural variation in Eur-
asian perch populations with respect to relative catchability. Acta Ethol. 21–31.

Hawkes, C., 2009. Linkingmovement behaviour, dispersal and population processes: is in-
dividual variation a key? J. Anim. Ecol. 78, 894–906.

Hessenauer, J.M., Vokoun, J.C., Suski, C.D., Davis, J., Jacobs, R., O'Donnell, E., 2015. Differ-
ences in the metabolic rates of exploited and unexploited fish populations: a signa-
ture of recreational fisheries induced evolution? PLoS One 10, e0128336.

Juette, T., Cucherousset, J., Cote, J., 2014. Animal personality and the ecological impacts of
freshwater non-native species. Curr. Zool. 60, 417–427.

Koolhaas, J.M., Korte, S.M., De Boer, S.F., Van Der Vegt, B.J., Van Reenen, C.G., Hopster, H.,
De Jong, I.C., Ruis, M.A.W., Blokhuis, H.J., 1999. Coping styles in animals: current status
in behavior and stress-physiology. Neurosci. Biobehav. Rev. 23, 925–935.

Lomnicki, A., 1988. Population Ecology of Individuals. Princeton University Press,
Princeton, NJ.

Lowry, H., Lill, A., Wong, B.B.M., 2013. Behavioural responses of wildlife to urban environ-
ments. Biol. Rev. 88, 537–549.
Luikart, G., Ryman, N., Tallmon, D.A., Schwartz, M.K., Allendorf, F.W., 2010. Estimation of
census and effective population sizes: the increasing usefulness of DNA-based ap-
proaches. Conserv. Genet. 11, 355–373.

Lupien, S.J., McEwen, B.S., Gunnar, M.R., Heim, C., 2009. Effects of stress throughout the
lifespan on the brain, behaviour and cognition. Nat. Rev. Neurosci. 10, 434–445.

Marescot, L., Pradel, R., Duchamp, C., Cubaynes, S., Mrboutin, E., Hoquet, M.I.C., Miquel, C.,
Gimenez, O., Arescot, L.U.M., Radel, R.O.P., Uchamp, C.H.D., Ubaynes, S.A.C., Arboutin,
E.R.I.C.M., Iquel, C.H.M., Imenez, O.L.G., 2011. Capture – recapture population growth
rate as a robust tool against detection heterogeneity for population management.
Ecol. Appl. 21, 2898–2907.

Marinov, M.P., Zehtindjiev, P., Dimitrov, D., Ilieva, M., Bobeva, A., Marchetti, C., 2015. Hae-
mosporidian infections and host behavioural variation: a case study on wild-caught
nightingales (Luscinia megarhynchos). Ethol. Ecol. Evol. 9370, 1–12.

Martin, K., 1998. The role of animal behavior studies in wildlife science and management.
Wildl. Soc. Bull. 26, 911–920.

Mason, G.J., 2010. Species differences in responses to captivity: stress, welfare and the
comparative method. Trends Ecol. Evol. 25, 713–721.

May, T.M., Page, M.J., Fleming, P.A., 2016. Predicting survivors: animal temperament and
translocation. Behav. Ecol. 27, 969–977.

McDougall, P.T., Réale, D., Sol, D., Reader, S.M., 2006. Wildlife conservation and animal
temperament: causes and consequences of evolutionary change for captive,
reintroduced, and wild populations. Anim. Conserv. 9, 39–48.

Merrick, M.J., Koprowski, J.L., 2016. Sex-biased natal dispersal at the range periphery: the
role of behavior, resources, and maternal condition. Ecol. Evol.:1–15 http://dx.doi.
org/10.1002/ece3.2612.

Michelangeli, M., Wong, B.B.M., Chapple, D.G., 2016. It's a trap: Sampling bias due to an-
imal personality is not always inevitable. Behav. Ecol. 27, 62–67.

Mills, L.S., Citta, J.J., Lair, K.P., Schwartz, M.K., Tallmon, D.A., 2000. Estimating animal abun-
dance using noninvasive DNA sampling: promise and pitfalls. Ecol. Appl. 10, 283–294.

Mittelbach, G.G., Ballew, N.G., Kjelvik, M.K., Fraser, D., 2014. Fish behavioral types and
their ecological consequences. Can. J. Fish. Aquat. Sci. 71, 927–944.

Montané, J., Marco, I., López-Olvera, J., Perpiñán, D., Manteca, X., Lavín, S., 2003. Effects of
acepromazine on capture stress in roe deer (Capreolus capreolus). J. Wildl. Dis. 39,
375–386.

Monteith, K.L., Long, R.A., Bleich, V.C., Heffelfinger, J.R., Krausman, P.R., Bowyer, R.T., 2013.
Effects of harvest, culture, and climate on trends in size of horn-like structures in tro-
phy ungulates. Wildl. Monogr. 183, 1–28.

Naguib, M., van Oers, K., Braakhuis, A., Griffioen, M., de Goede, P., Waas, J.R., 2013. Noise
annoys: effects of noise on breeding great tits depend on personality but not on noise
characteristics. Anim. Behav. 85, 949–956.

Noyce, K.V., Garshelis, D.L., Coy, P.L., 2001. Differential vulnerability of black bears to trap
and camera sampling and resulting biases in mark-recapture estimates. Ursus 12,
211–226.

Owen, M.A., Swaisgood, R.R., Blumstein, D.T., Diego, S., Global, Z, Diego, S., Biology, E.,
Angeles, L., 2016. Contextual influences on animal decision-making: significance for
behavior-based wildlife conservation and management. Integr. Zool. 1–43.

Parker, T.S., Nilon, C.H., 2008. Gray squirrel density, habitat suitability, and behavior in
urban parks. Urban Ecosyst. 11, 243–255.

Pearish, S., Hostert, L., Bell, A.M., 2013. Behavioral type–environment correlations in the
field: a study of three-spined stickleback. Behav. Ecol. Sociobiol. 765–774.

Pintor, L.M., Sih, A., Bauer,M.L., 2008.Differences in aggression, activity andboldness between
native and introduced populations of an invasive crayfish. Oikos 117, 1629–1636.

Poulin, R., 2013. Parasite manipulation of host personality and behavioural syndromes.
J. Exp. Biol. 216, 18–26.

Raoult, V., Brown, C., Zuberi, A., Williamson, J.E., 2012. Blood cortisol concentrations pre-
dict boldness in juvenile mulloway (Argyosomus japonicus). J. Ethol. 30, 225–232.

Reading, R.P., Miller, B., Shepherdson, D., 2013. The value of enrichment to reintroduction
success. Zoo Biol. 32, 332–341.

Réale, D., Festa-Bianchet, M., 2003. Predator-induced natural selection on temperament in
bighorn ewes. Anim. Behav. 65, 463–470.

Réale, D., Gallant, B., Leblanc, M., Festa-Bianchet, M., 2000. Consistency of temperament in
bighorn ewes and correlates with behaviour and life history. Anim. Behav. 60,
589–597.

Réale, D., Reader, S.M., Sol, D., McDougall, P.T., Dingemanse, N.J., 2007. Integrating animal
temperament within ecology and evolution. Biol. Rev. Camb. Philos. Soc. 82, 291–318.

Réale, D., Dingemanse, N.J., Kazem, A.J.N., Wright, J., 2010. Evolutionary and ecological ap-
proaches to the study of personality. Philos. Trans. R. Soc. Lond. Ser. B Biol. Sci. 365,
3937–3946.

Richardson, C.T., Miller, C.K., 1997. Recommendations for protecting raptors from human
disturbance: a review. Wildl. Soc. Bull. 25, 634–638.

Schuett, W., Tregenza, T., Dall, S.R.X., 2010. Sexual selection and animal personality. Biol.
Rev. 85, 217–246.

Shepherdson, D., 1994. The role of environmental enrichment in the captive breeding and
reintroduction of endangered species. In: Olney, P.J.S., Mace, G.M., Feistner, A.T.C.
(Eds.), Creative Conservation: Interactive Management of Wild and Captive Animals.
Chapman & Hall, London, pp. 167–177.

Sih, A., 2013. Understanding variation in behavioural responses to human-induced rapid
environmental change: a conceptual overview. Anim. Behav. 85, 1077–1088.

Sih, A., Bell, A., Johnson, J.C., 2004a. Behavioral syndromes: an ecological and evolutionary
overview. Trends Ecol. Evol. 19, 372–378.

Sih, A., Bell, A.M., Chadwick Johnson, J., Ziemba, R.E., 2004b. Behavioral syndromes: an in-
tegrative overview. Q. Rev. Biol. 79, 241–277.

Sih, A., Cote, J., Evans, M., Fogarty, S., Pruitt, J., 2012. Ecological implications of behavioural
syndromes. Ecol. Lett. 15, 278–289.

Sih, A., Chang, A.T., Wey, T.W., 2014. Effects of behavioural type, social skill and the social
environment on male mating success in water striders. Anim. Behav. 94, 9–17.

http://refhub.elsevier.com/S0006-3207(17)30155-6/rf0210
http://refhub.elsevier.com/S0006-3207(17)30155-6/rf0210
http://refhub.elsevier.com/S0006-3207(17)30155-6/rf0210
http://refhub.elsevier.com/S0006-3207(17)30155-6/rf0215
http://refhub.elsevier.com/S0006-3207(17)30155-6/rf0215
http://refhub.elsevier.com/S0006-3207(17)30155-6/rf0220
http://refhub.elsevier.com/S0006-3207(17)30155-6/rf0220
http://refhub.elsevier.com/S0006-3207(17)30155-6/rf0220
http://refhub.elsevier.com/S0006-3207(17)30155-6/rf0225
http://refhub.elsevier.com/S0006-3207(17)30155-6/rf0225
http://refhub.elsevier.com/S0006-3207(17)30155-6/rf0230
http://refhub.elsevier.com/S0006-3207(17)30155-6/rf0230
http://refhub.elsevier.com/S0006-3207(17)30155-6/rf0230
http://refhub.elsevier.com/S0006-3207(17)30155-6/rf0235
http://refhub.elsevier.com/S0006-3207(17)30155-6/rf0235
http://refhub.elsevier.com/S0006-3207(17)30155-6/rf0240
http://refhub.elsevier.com/S0006-3207(17)30155-6/rf0240
http://refhub.elsevier.com/S0006-3207(17)30155-6/rf0245
http://refhub.elsevier.com/S0006-3207(17)30155-6/rf0245
http://refhub.elsevier.com/S0006-3207(17)30155-6/rf0250
http://refhub.elsevier.com/S0006-3207(17)30155-6/rf0250
http://refhub.elsevier.com/S0006-3207(17)30155-6/rf0250
http://refhub.elsevier.com/S0006-3207(17)30155-6/rf0255
http://refhub.elsevier.com/S0006-3207(17)30155-6/rf0255
http://refhub.elsevier.com/S0006-3207(17)30155-6/rf0260
http://refhub.elsevier.com/S0006-3207(17)30155-6/rf0260
http://refhub.elsevier.com/S0006-3207(17)30155-6/rf0260
http://refhub.elsevier.com/S0006-3207(17)30155-6/rf0265
http://refhub.elsevier.com/S0006-3207(17)30155-6/rf0270
http://refhub.elsevier.com/S0006-3207(17)30155-6/rf0270
http://refhub.elsevier.com/S0006-3207(17)30155-6/rf0270
http://refhub.elsevier.com/S0006-3207(17)30155-6/rf0275
http://refhub.elsevier.com/S0006-3207(17)30155-6/rf0275
http://refhub.elsevier.com/S0006-3207(17)30155-6/rf0280
http://refhub.elsevier.com/S0006-3207(17)30155-6/rf0280
http://refhub.elsevier.com/S0006-3207(17)30155-6/rf0285
http://refhub.elsevier.com/S0006-3207(17)30155-6/rf0285
http://refhub.elsevier.com/S0006-3207(17)30155-6/rf0285
http://refhub.elsevier.com/S0006-3207(17)30155-6/rf0290
http://refhub.elsevier.com/S0006-3207(17)30155-6/rf0290
http://refhub.elsevier.com/S0006-3207(17)30155-6/rf0295
http://refhub.elsevier.com/S0006-3207(17)30155-6/rf0295
http://refhub.elsevier.com/S0006-3207(17)30155-6/rf0295
http://refhub.elsevier.com/S0006-3207(17)30155-6/rf0300
http://refhub.elsevier.com/S0006-3207(17)30155-6/rf0300
http://refhub.elsevier.com/S0006-3207(17)30155-6/rf0300
http://refhub.elsevier.com/S0006-3207(17)30155-6/rf0305
http://refhub.elsevier.com/S0006-3207(17)30155-6/rf0305
http://refhub.elsevier.com/S0006-3207(17)30155-6/rf0310
http://refhub.elsevier.com/S0006-3207(17)30155-6/rf0310
http://refhub.elsevier.com/S0006-3207(17)30155-6/rf0315
http://refhub.elsevier.com/S0006-3207(17)30155-6/rf0315
http://refhub.elsevier.com/S0006-3207(17)30155-6/rf0320
http://refhub.elsevier.com/S0006-3207(17)30155-6/rf0320
http://refhub.elsevier.com/S0006-3207(17)30155-6/rf0325
http://refhub.elsevier.com/S0006-3207(17)30155-6/rf0325
http://refhub.elsevier.com/S0006-3207(17)30155-6/rf0330
http://refhub.elsevier.com/S0006-3207(17)30155-6/rf0330
http://refhub.elsevier.com/S0006-3207(17)30155-6/rf0330
http://refhub.elsevier.com/S0006-3207(17)30155-6/rf0335
http://refhub.elsevier.com/S0006-3207(17)30155-6/rf0335
http://refhub.elsevier.com/S0006-3207(17)30155-6/rf0340
http://refhub.elsevier.com/S0006-3207(17)30155-6/rf0340
http://refhub.elsevier.com/S0006-3207(17)30155-6/rf0345
http://refhub.elsevier.com/S0006-3207(17)30155-6/rf0345
http://refhub.elsevier.com/S0006-3207(17)30155-6/rf0350
http://refhub.elsevier.com/S0006-3207(17)30155-6/rf0350
http://refhub.elsevier.com/S0006-3207(17)30155-6/rf0355
http://refhub.elsevier.com/S0006-3207(17)30155-6/rf0355
http://refhub.elsevier.com/S0006-3207(17)30155-6/rf0355
http://refhub.elsevier.com/S0006-3207(17)30155-6/rf0360
http://refhub.elsevier.com/S0006-3207(17)30155-6/rf0360
http://refhub.elsevier.com/S0006-3207(17)30155-6/rf0365
http://refhub.elsevier.com/S0006-3207(17)30155-6/rf0365
http://refhub.elsevier.com/S0006-3207(17)30155-6/rf0370
http://refhub.elsevier.com/S0006-3207(17)30155-6/rf0370
http://refhub.elsevier.com/S0006-3207(17)30155-6/rf0375
http://refhub.elsevier.com/S0006-3207(17)30155-6/rf0375
http://refhub.elsevier.com/S0006-3207(17)30155-6/rf0380
http://refhub.elsevier.com/S0006-3207(17)30155-6/rf0380
http://refhub.elsevier.com/S0006-3207(17)30155-6/rf0380
http://refhub.elsevier.com/S0006-3207(17)30155-6/rf0385
http://refhub.elsevier.com/S0006-3207(17)30155-6/rf0385
http://refhub.elsevier.com/S0006-3207(17)30155-6/rf0390
http://refhub.elsevier.com/S0006-3207(17)30155-6/rf0390
http://refhub.elsevier.com/S0006-3207(17)30155-6/rf0390
http://refhub.elsevier.com/S0006-3207(17)30155-6/rf0395
http://refhub.elsevier.com/S0006-3207(17)30155-6/rf0395
http://refhub.elsevier.com/S0006-3207(17)30155-6/rf0395
http://refhub.elsevier.com/S0006-3207(17)30155-6/rf0400
http://refhub.elsevier.com/S0006-3207(17)30155-6/rf0400
http://refhub.elsevier.com/S0006-3207(17)30155-6/rf0405
http://refhub.elsevier.com/S0006-3207(17)30155-6/rf0405
http://refhub.elsevier.com/S0006-3207(17)30155-6/rf0415
http://refhub.elsevier.com/S0006-3207(17)30155-6/rf0415
http://refhub.elsevier.com/S0006-3207(17)30155-6/rf0420
http://refhub.elsevier.com/S0006-3207(17)30155-6/rf0420
http://refhub.elsevier.com/S0006-3207(17)30155-6/rf0420
http://dx.doi.org/10.1002/ece3.2612
http://refhub.elsevier.com/S0006-3207(17)30155-6/rf0430
http://refhub.elsevier.com/S0006-3207(17)30155-6/rf0430
http://refhub.elsevier.com/S0006-3207(17)30155-6/rf0435
http://refhub.elsevier.com/S0006-3207(17)30155-6/rf0435
http://refhub.elsevier.com/S0006-3207(17)30155-6/rf0440
http://refhub.elsevier.com/S0006-3207(17)30155-6/rf0440
http://refhub.elsevier.com/S0006-3207(17)30155-6/rf0445
http://refhub.elsevier.com/S0006-3207(17)30155-6/rf0445
http://refhub.elsevier.com/S0006-3207(17)30155-6/rf0445
http://refhub.elsevier.com/S0006-3207(17)30155-6/rf0450
http://refhub.elsevier.com/S0006-3207(17)30155-6/rf0450
http://refhub.elsevier.com/S0006-3207(17)30155-6/rf0455
http://refhub.elsevier.com/S0006-3207(17)30155-6/rf0455
http://refhub.elsevier.com/S0006-3207(17)30155-6/rf0455
http://refhub.elsevier.com/S0006-3207(17)30155-6/rf0460
http://refhub.elsevier.com/S0006-3207(17)30155-6/rf0460
http://refhub.elsevier.com/S0006-3207(17)30155-6/rf0460
http://refhub.elsevier.com/S0006-3207(17)30155-6/rf0465
http://refhub.elsevier.com/S0006-3207(17)30155-6/rf0465
http://refhub.elsevier.com/S0006-3207(17)30155-6/rf0470
http://refhub.elsevier.com/S0006-3207(17)30155-6/rf0470
http://refhub.elsevier.com/S0006-3207(17)30155-6/rf0475
http://refhub.elsevier.com/S0006-3207(17)30155-6/rf0475
http://refhub.elsevier.com/S0006-3207(17)30155-6/rf0480
http://refhub.elsevier.com/S0006-3207(17)30155-6/rf0480
http://refhub.elsevier.com/S0006-3207(17)30155-6/rf0485
http://refhub.elsevier.com/S0006-3207(17)30155-6/rf0485
http://refhub.elsevier.com/S0006-3207(17)30155-6/rf0490
http://refhub.elsevier.com/S0006-3207(17)30155-6/rf0490
http://refhub.elsevier.com/S0006-3207(17)30155-6/rf0495
http://refhub.elsevier.com/S0006-3207(17)30155-6/rf0495
http://refhub.elsevier.com/S0006-3207(17)30155-6/rf0500
http://refhub.elsevier.com/S0006-3207(17)30155-6/rf0500
http://refhub.elsevier.com/S0006-3207(17)30155-6/rf0505
http://refhub.elsevier.com/S0006-3207(17)30155-6/rf0505
http://refhub.elsevier.com/S0006-3207(17)30155-6/rf0505
http://refhub.elsevier.com/S0006-3207(17)30155-6/rf0510
http://refhub.elsevier.com/S0006-3207(17)30155-6/rf0510
http://refhub.elsevier.com/S0006-3207(17)30155-6/rf0515
http://refhub.elsevier.com/S0006-3207(17)30155-6/rf0515
http://refhub.elsevier.com/S0006-3207(17)30155-6/rf0515
http://refhub.elsevier.com/S0006-3207(17)30155-6/rf0520
http://refhub.elsevier.com/S0006-3207(17)30155-6/rf0520
http://refhub.elsevier.com/S0006-3207(17)30155-6/rf0525
http://refhub.elsevier.com/S0006-3207(17)30155-6/rf0525
http://refhub.elsevier.com/S0006-3207(17)30155-6/rf0530
http://refhub.elsevier.com/S0006-3207(17)30155-6/rf0530
http://refhub.elsevier.com/S0006-3207(17)30155-6/rf0530
http://refhub.elsevier.com/S0006-3207(17)30155-6/rf0530
http://refhub.elsevier.com/S0006-3207(17)30155-6/rf0535
http://refhub.elsevier.com/S0006-3207(17)30155-6/rf0535
http://refhub.elsevier.com/S0006-3207(17)30155-6/rf0540
http://refhub.elsevier.com/S0006-3207(17)30155-6/rf0540
http://refhub.elsevier.com/S0006-3207(17)30155-6/rf0545
http://refhub.elsevier.com/S0006-3207(17)30155-6/rf0545
http://refhub.elsevier.com/S0006-3207(17)30155-6/rf0550
http://refhub.elsevier.com/S0006-3207(17)30155-6/rf0550
http://refhub.elsevier.com/S0006-3207(17)30155-6/rf0555
http://refhub.elsevier.com/S0006-3207(17)30155-6/rf0555


44 M.J. Merrick, J.L. Koprowski Biological Conservation 209 (2017) 34–44
Silvy, N.J., 2012. The Wildlife Techniques Manual. seventh ed. The Johns Hopkins Univer-
sity Press, Baltimore, Maryland.

Smith, T.B., Bernatchez, L., 2008. Evolutionary change in human-altered environments.
Mol. Ecol. 17, 1–8.

Smith, B.R., Blumstein, D.T., 2013. Animal personality and conservation biology: the
importance of behavioral diversity. In: Carere, C., Maestripieri, D. (Eds.), Animal
Personalities. The University of Chicago Press, Chicago and London, pp. 381–413.

Sol, D., Lapiedra, O., González-Lagos, C., 2013. Behavioural adjustments for a life in the
city. Anim. Behav. 85, 1101–1112.

Spiegel, O., Leu, S.T., Sih, A., Godfrey, S.S., Bull, C.M., 2015. When the going gets tough:
behavioural type-dependent space use in the sleepy lizard changes as the season
dries. Proc. R. Soc. B Biol. Sci. 282, 20151768.

Stamps, J.A., Groothuis, T.G.G., 2010. Developmental perspectives on personality: implica-
tions for ecological and evolutionary studies of individual differences. Philos. Trans. R.
Soc. Lond. Ser. B Biol. Sci. 365, 4029–4041.

Stockwell, C.A., Hendry, A.P., Kinnison, M.T., 2003. Contemporary evolution meets conser-
vation biology. Trends Ecol. Evol. 18, 94–101.

Stuecheli, K., 1991. Trapping bias in sampling crayfish with baited funnel traps. N. Am.
J. Fish Manag. 11, 236–239.

Sutherland, W.J., 1998. The importance of behavioural studies in conservation biology.
Anim. Behav. 56, 801–809.

Sutherland, C., Royle, A., Linden, D., 2016. Package oSCR: Multi-session Sex-structured
Spatial Capture-Recapture Models.

Svendsen, G.E., Armitage, K.B., 1973. Mirror-image stimulation applied to field behavioral
studies. Ecology 54, 623–627.

Taylor, M.K., Cooke, S.J., 2014. Repeatability of movement behaviour in a wild salmonid
revealed by telemetry. J. Fish Biol. 84, 1240–1246.

Teyssier, A., Bestion, E., Richard, M., Cote, J., 2014. Partners' personality types and mate
preferences: predation risk matters. Behav. Ecol. 25, 723–733.

Thompson, M.J., Henderson, R.E., 1998. Elk habituation as a credibility challenge for
wildlife professionals. Wildl. Soc. Bull. 26, 477–483.

Thompson, R.C.A., Lymbery, A.J., Smith, A., 2010. Parasites, emerging disease and wildlife
conservation. Int. J. Parasitol. 40, 1163–1170.

Thorlacius, M.T., Hellström, G.H., Brodin, T.B., 2015. Behavioral dependent dispersal in the
invasive round goby Neogobius melanostomus depends on population age. Curr. Zool.
61, 529–542.

Titulaer, M., van Oers, K., Naguib, M., 2012. Personality affects learning performance in
difficult tasks in a sex-dependent way. Anim. Behav. 83, 723–730.
Tompkins, D.M., Begon, M., 1999. Parasites can regulate wildlife populations. Parasitol.
Today 15, 311–313.

Tuomainen, U., Candolin, U., 2011. Behavioural responses to human-induced environ-
mental change. Biol. Rev. 86, 640–657.

Tuyttens, F.A.M., MacDonald, D.W., Delahay, R., Rogers, L.M., Mallinson, P.J., Donnelly, C.A.,
Newman, C., 1999. Differences in trappability of European badgers Meles meles in
three populations in England. J. Appl. Ecol. 36, 1051–1062.

van Oers, K., Jong, G. De, van Noordwijk, A.J., Kempenaers, B., Drent, P.J., 2005. Contribu-
tion of genetics to the study of animal personalities: a review of case studies. Behav-
iour 142, 1191–1212.

van Oers, K., Drent, P.J., Dingemanse, N.J., Kempenaers, B., 2008. Personality is associated
with extrapair paternity in great tits, Parus major. Anim. Behav. 76, 555–563.

von der Ohe, C.G., Servheen, C., 2002. Measuring stress in mammals using fecal glucocor-
ticoids: opportunities and challenges. Wildl. Soc. Bull. 30, 1215–1225.

Watters, J.V., Meehan, C.L., 2007. Different strokes: can managing behavioral types
increase post-release success? Appl. Anim. Behav. Sci. 102, 364–379.

Watters, J.V., Powell, D.M., 2012. Measuring animal personality for use in population
management in zoos: suggested methods and rationale. Zoo Biology 31, 1–12.

Wey, T.W., Spiegel, O., Montiglio, P.-O., Mabry, K.E., 2015. Natal dispersal in a social
landscape: considering individual behavioral phenotypes and social environment in
dispersal ecology. Curr. Zool. 61, 543–556.

White, G.C., Burnham, K.P., 1999. ProgramMARK: survival estimation from populations of
marked animals. Bird Study 46, 120–138.

Wilson, D.S., Coleman, K., Clark, A.B., Biederman, L., 1993. Shy-bold continuum in pump-
kinseed sunfish (Lepomis gibbosus): an ecological study of a psychological trait.
J. Comp. Psychol. 107, 250–260.

Winandy, L., Denoël, M., 2015. The aggressive personality of an introduced fish affects for-
aging behavior in a polymorphic newt. Behav. Ecol. 26, 1528–1536.

Wolf, M., Weissing, F.J., 2010. An explanatory framework for adaptive personality differ-
ences. Philos. Trans. R. Soc. Lond. Ser. B Biol. Sci. 365, 3959–3968.

Wolf, M., Weissing, F.J., 2012. Animal personalities: consequences for ecology and evolu-
tion. Trends Ecol. Evol. 27, 452–461.

Zhao, D., Peishan, F., 2015. Temperature increase impacts personality traits in aquatic
non-native species: Implications for biological invasion under climate change. Curr.
Zool. 61, 1–11.

http://refhub.elsevier.com/S0006-3207(17)30155-6/rf0560
http://refhub.elsevier.com/S0006-3207(17)30155-6/rf0560
http://refhub.elsevier.com/S0006-3207(17)30155-6/rf0565
http://refhub.elsevier.com/S0006-3207(17)30155-6/rf0565
http://refhub.elsevier.com/S0006-3207(17)30155-6/rf0570
http://refhub.elsevier.com/S0006-3207(17)30155-6/rf0570
http://refhub.elsevier.com/S0006-3207(17)30155-6/rf0570
http://refhub.elsevier.com/S0006-3207(17)30155-6/rf0575
http://refhub.elsevier.com/S0006-3207(17)30155-6/rf0575
http://refhub.elsevier.com/S0006-3207(17)30155-6/rf0580
http://refhub.elsevier.com/S0006-3207(17)30155-6/rf0580
http://refhub.elsevier.com/S0006-3207(17)30155-6/rf0580
http://refhub.elsevier.com/S0006-3207(17)30155-6/rf0585
http://refhub.elsevier.com/S0006-3207(17)30155-6/rf0585
http://refhub.elsevier.com/S0006-3207(17)30155-6/rf0585
http://refhub.elsevier.com/S0006-3207(17)30155-6/rf0590
http://refhub.elsevier.com/S0006-3207(17)30155-6/rf0590
http://refhub.elsevier.com/S0006-3207(17)30155-6/rf0595
http://refhub.elsevier.com/S0006-3207(17)30155-6/rf0595
http://refhub.elsevier.com/S0006-3207(17)30155-6/rf0600
http://refhub.elsevier.com/S0006-3207(17)30155-6/rf0600
http://refhub.elsevier.com/S0006-3207(17)30155-6/rf0605
http://refhub.elsevier.com/S0006-3207(17)30155-6/rf0605
http://refhub.elsevier.com/S0006-3207(17)30155-6/rf0610
http://refhub.elsevier.com/S0006-3207(17)30155-6/rf0610
http://refhub.elsevier.com/S0006-3207(17)30155-6/rf0615
http://refhub.elsevier.com/S0006-3207(17)30155-6/rf0615
http://refhub.elsevier.com/S0006-3207(17)30155-6/rf0620
http://refhub.elsevier.com/S0006-3207(17)30155-6/rf0620
http://refhub.elsevier.com/S0006-3207(17)30155-6/rf0625
http://refhub.elsevier.com/S0006-3207(17)30155-6/rf0625
http://refhub.elsevier.com/S0006-3207(17)30155-6/rf0630
http://refhub.elsevier.com/S0006-3207(17)30155-6/rf0630
http://refhub.elsevier.com/S0006-3207(17)30155-6/rf0635
http://refhub.elsevier.com/S0006-3207(17)30155-6/rf0635
http://refhub.elsevier.com/S0006-3207(17)30155-6/rf0635
http://refhub.elsevier.com/S0006-3207(17)30155-6/rf0640
http://refhub.elsevier.com/S0006-3207(17)30155-6/rf0640
http://refhub.elsevier.com/S0006-3207(17)30155-6/rf0645
http://refhub.elsevier.com/S0006-3207(17)30155-6/rf0645
http://refhub.elsevier.com/S0006-3207(17)30155-6/rf0650
http://refhub.elsevier.com/S0006-3207(17)30155-6/rf0650
http://refhub.elsevier.com/S0006-3207(17)30155-6/rf0655
http://refhub.elsevier.com/S0006-3207(17)30155-6/rf0655
http://refhub.elsevier.com/S0006-3207(17)30155-6/rf0660
http://refhub.elsevier.com/S0006-3207(17)30155-6/rf0660
http://refhub.elsevier.com/S0006-3207(17)30155-6/rf0660
http://refhub.elsevier.com/S0006-3207(17)30155-6/rf0665
http://refhub.elsevier.com/S0006-3207(17)30155-6/rf0665
http://refhub.elsevier.com/S0006-3207(17)30155-6/rf0670
http://refhub.elsevier.com/S0006-3207(17)30155-6/rf0670
http://refhub.elsevier.com/S0006-3207(17)30155-6/rf0675
http://refhub.elsevier.com/S0006-3207(17)30155-6/rf0675
http://refhub.elsevier.com/S0006-3207(17)30155-6/rf2000
http://refhub.elsevier.com/S0006-3207(17)30155-6/rf2000
http://refhub.elsevier.com/S0006-3207(17)30155-6/rf0680
http://refhub.elsevier.com/S0006-3207(17)30155-6/rf0680
http://refhub.elsevier.com/S0006-3207(17)30155-6/rf0680
http://refhub.elsevier.com/S0006-3207(17)30155-6/rf0685
http://refhub.elsevier.com/S0006-3207(17)30155-6/rf0685
http://refhub.elsevier.com/S0006-3207(17)30155-6/rf0690
http://refhub.elsevier.com/S0006-3207(17)30155-6/rf0690
http://refhub.elsevier.com/S0006-3207(17)30155-6/rf0690
http://refhub.elsevier.com/S0006-3207(17)30155-6/rf0695
http://refhub.elsevier.com/S0006-3207(17)30155-6/rf0695
http://refhub.elsevier.com/S0006-3207(17)30155-6/rf0700
http://refhub.elsevier.com/S0006-3207(17)30155-6/rf0700
http://refhub.elsevier.com/S0006-3207(17)30155-6/rf0705
http://refhub.elsevier.com/S0006-3207(17)30155-6/rf0705
http://refhub.elsevier.com/S0006-3207(17)30155-6/rf0710
http://refhub.elsevier.com/S0006-3207(17)30155-6/rf0710
http://refhub.elsevier.com/S0006-3207(17)30155-6/rf0710

	Should we consider individual behavior differences in applied wildlife conservation studies?
	1. Introduction
	2. Material and methods
	3. Results
	3.1. Detection probability and capture success
	3.2. Stress response
	3.3. Movement and space use
	3.4. Habitat selection
	3.5. Mate choice and reproductive success
	3.6. Parasite infections
	3.7. Harvest success and population implications
	3.8. Effects of anthropogenic disturbance
	3.9. Wildlife control and invasive species
	3.10. Reintroduction, translocation, and captivity

	4. Conclusions
	Acknowledgements
	References


