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Simple Summary: The study of animal personality is important to conserve animals because it can
help in selecting the most appropriate individuals to be released into the wild. Individuals not so
bold or aggressive, less stressed, who explore their new environment with greater caution are often
more likely to survive after release into the wild. In contrast, bolder and more aggressive animals
reproduce more successfully and, therefore, can be released with the aim of rapid repopulation of an
area. These and other aspects of how animal personality can help in conservation programs, as well
as how to collect personality data are covered in this paper.

Abstract: The number of animal species threatened with extinction are increasing every year, and
biologists are conducting animal translocations, as one strategy, to try to mitigate this situation.
Furthermore, researchers are evaluating methods to increase translocation success, and one area that
shows promise is the study of animal personality. Animal personality can be defined as behavioral
and physiological differences between individuals of the same species, which are stable in time and
across different contexts. In the present paper, we discuss how animal personality can increase the
success of translocation, as well as in the management of animals intended for translocation by eval-
uating personality characteristics of the individuals. Studies of the influence of birthplace, parental
behavior, stress resilience, and risk assessment can be important to select the most appropriate
individuals to be released. Finally, we explain the two methods used to gather personality data.

Keywords: boldness; copying style; extinction; temperament; translocation

1. Introduction

The increase in the number of animals threatened by extinction is leading researchers
worldwide to increase their efforts to conserve animal species [1]. Among the conservation
initiatives, habitat protection and captive breeding for animal translocation/reintroduction
are the most applicable since they have direct implications for the survival of the species in
a specific location [2–5]. Animal introduction (i.e., the intentional movement and release of
an organism outside its indigenous range), reintroduction (i.e., the intentional movement
and release of an organism inside its indigenous range from which it has disappeared), and
reinforcement (i.e., the intentional movement and release of an organism into an existing
population of conspecifics) are types of animal translocation (all definitions taken from [6]).

The success of animal translocations can be low [7–9] and biologists are studying
methods to decrease failures in animal translocation programs [10–12]. One of the actions
is to consider how aspects of the animals’ behavior affects conservation success [13–15].
Conservation biologists have been working separated from behavioral biologists for a
long time and the recent union of both scientific areas has proved to be important for
the increase in the success rates of translocation programs [16–18]. A translocation is
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considered a success if the released animals maintain a viable population in the release
area [6].

Animal releases can occur by two methods: soft or hard release [19,20]. There are
two main differences between them: (1) pre-release management, which is implemented
during soft release and is not implemented during hard release [19,21,22], and (2) post-
release support, which is also implemented after soft release and comprises food and
shelter provisioning/supplementation [6,23,24]. The lack of implementation of pre-release
management and post-release support for hard release is because hard release generally is
used when wild-caught animals are released or when large numbers are released, as in the
case of fish, amphibians, etc. [19,25]. Most of the animals receiving pre-release management
are raised or have spent most of their lives in captivity [19,26–28].

Populations of captive-born animals are being released in translocation programs [29–31],
but problems linked to life in captivity are crucial to the failure of the programs [32,33].
For example, captive-born animals may lack the behavioral skills needed to survive after
release, such as the ability to find food, shelter, or mates [34,35]. Sometimes captive-born
animals cannot identify and respond to their predators [36,37]. Also, behavioral problems,
such as the performance of abnormal behaviors may compromise individuals’ survival
after translocation [38–40]. Finally, artificial/unconscious selection of certain personality
profiles in captivity can affect the evolutionary potential of reintroduced populations [41].

Behavioral problems can be managed before the release of the animals into nature, for
example, by animal training or environmental enrichment [41,42]. Furthermore, the use
of tools that allows the choice of the most suitable individuals for release should greatly
improve translocation success. Pre-release anti-predator conditioning [43–45], appropriate
environmental enrichment [46,47], food and movement training [24,48] are among pre-
release management techniques, which enhance the animals’ skills. Investigating aspects of
the animals’ personalities is one of the tools that is also being applied to try and identify the
most appropriate individuals that should be release into nature in terms of conservation
success [49–51].

Animal personality can be defined as behavioral and physiological differences between
individuals of the same species that are stable in time and across different contexts [52–54].
Animal temperament, coping styles, behavioral syndromes, and behavioral predisposition
are synonyms of animal personality found in the scientific literature [52–54]. Every person
who has two or more vertebrate pets can easily distinguish differences in their personalities,
and these differences are beginning to be observed and studied for wild animals, both in
nature and in captivity [54]. Personality is a construct, identified and classified for animals
as including: neuroticism, agreeableness, extraversion, openness, conscientiousness, domi-
nance, boldness, sociability, activity, exploration, aggressiveness, and activity, with some
overlaps [52,55,56]. Although linking animal personality and conservation is relatively
new for science [54], it has proven to be promising. In this paper, we will discuss how the
study of animal personality can be important for animal conservation.

2. Animal Personality and Animal Releases

As mentioned, previously, animal translocation is one of the conservation measures
used to avoid animal extinctions. Also, the use of captive-born animals is frequent because,
in addition to providing individuals for release, it is in agreement with the conservation
goals of modern zoos [57–59]. Examples of successful translocation programs that released
captive-born animals are: the golden-lion tamarin Leontopithecus rosalia [60]; the black-
footed ferret Mustela nigripes [61]; the Arabian oryx Oryx leucoryx [62]; and the bald eagle
Haliaeetus leucocephalus [63]. However, a bias towards reporting successful translocation
programs is known in the scientific literature [64,65], which means that we do not know
the number of translocation programs that fail. Furthermore, many more translocation
programs are undertaken without scientific evaluation, as a legal requirement, in response
to anthropogenic activities such as dam building [20].
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Within this scenario, would it be possible to use personality to enhance translocation
success? The interest in linking personality directly to animal translocation emerged after a
study of reintroduced swift foxes (Vulpes velox) in Canada found that survival was linked
to personality [66]. Six weeks after release, the monitoring of 31 reintroduced swift foxes
showed that bolder individuals died sooner than shyer individuals. This study was a
pivotal moment for conservation efforts because it shows that shyer individuals were
best to be translocated first, since they have a greater probability of surviving longer and,
consequently, establishing in the area. However, why did this happen and is this true for
all species? After the publication of this study, there have been calls in the literature to
include personality assessment in translocations/animal releases, and boldness, explo-
ration, activity, and sociability became the most studied aspects of personality-conservation
dyad [41,67–69].

2.1. Boldness, Exploration, and Activity: Influence on Survival after Release

Bolder animals are more prone to take risks, because they explore more their envi-
ronment, get closer to predators, sample more food items, etc. [66,68,70]. By doing this,
bolder animals may die sooner than shyer animals [66]. However, studies show they
reproduce more when compared to shyer individuals [71,72]. Furthermore, exploration of
the environment can be advantageous for the individual to build a mental map of the area,
locating feeding areas, shelter areas, mates, etc. [73–75]. Thus, there are advantages and
disadvantages of reintroducing only shyer individuals.

In a study of 23 captive-born Blanding’s turtles (Emydoidea blandingii), researchers
found that turtles presented different personality traits in the aggressiveness, boldness, and
exploratory dimensions [68]. After reintroduction, more exploratory turtles survived more
than less exploratory turtles, the exploratory dimension being the only one that influenced
survival. Exploratory turtles used significantly more muskrat dens to hide and rest, and
this could be responsible for their greater survival after release.

In a study with 28 Tasmanian devils (Sarcophilus harrissii) in Australia, bold individuals
survived 3.5 times longer after translocation than shy individuals [76]. The researchers
suggest that this result could be due to environmental spatial and temporal conditions at
the time of release since fitness landscapes of behavior changes over time [77–80]. In other
words, it is possible that the relationship between boldness and survival could change in
different temporal and spatial circumstances; that is, shyer individuals could be favored in
different years or/and in different locations.

Other studies evaluated the influence of personality on the survival of the released
animals. In a study of blue-fronted parrots (Amazona aestiva), shyer and bolder individuals
formed the release group [81]. After 10 months of acclimatization and pre-training sessions,
31 parrots were released into nature. There was no difference in the survival rate of
bolder and shyer individuals, but shyer individuals survived 40 days longer than bolder
individuals [81].

The effects of personality traits (boldness, exploration, and sociability) on the sur-
vival of European mink (Mustela lutreola) after reintroduction were evaluated [49]. The
results showed that survival was linked to boldness and exploration, but not to sociability,
with bolder animals surviving more than shyer animals, and less exploratory animals
surviving more in 2012 and more exploratory animals surviving more in 2013. Initially,
cautious animals were favored and then, when they had some knowledge about the en-
vironment, bolder animals were apparently favored. Could these results be reflecting a
mixed evolutionary stable strategy? [82].

In an evolutionary stable strategy, variation is maintained due to frequency depen-
dent selection, where no rare mutant strategy is favored [83]. Imagine a population of a
given animal species, where bolder and shyer individuals can be observed. If the bolder
individuals are more aggressive than the shyer individuals, they will win any dispute
between them, reproducing more than the shyer ones. Thus, if it is advantageous to be
bold, the bold personality will be selected, and bolder individuals will increase in number
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in that population. However, disputes between bolder individuals may generate physical
injuries due to the hyper-aggressiveness shown by both participants in disputes, which
would decrease reproductive activities and fitness [84]. In this situation a shyer strategy
would be better for individuals, and shyer individuals would increase in that population.
Thus, the evolution of different ratios in animal personality types could be explained by
game theory [82]. Thus, frequency-dependent selection could explain why in some species
shyer individuals do better sometimes and bolder individuals do better in others. However,
frequency-dependent selection affects only one aspect that influences personality trait
evolution, and other theories are worthy of investigation (for other theories, see [80,82,85]).

Should we release only shyer individuals or only bolder individuals, then? Or should
we release a mix of shyer and bolder individuals? Animal personality has a genetic com-
ponent [86–88] and selecting only shyer or only bolder individuals would influence the
overall behavioral diversity in a released population [84,85]. Personality diversity is as
important as genetic diversity for the establishment and survival of the released popula-
tion [85,89]. A population with only shyer individuals would result in less reproduction,
lower exploration of the environment, and less behavioral diversity [90]. Thus, introducing
a mix of shyer and bolder individuals could help in the maintenance of a population sub-
jected to natural and sexual selection [85,89]. As stated earlier, the introduction of a mix of
personality profiles would, in theory, facilitate the establishment of a new population, since
the best strategy would vary across time, favoring different personality profiles depending
on the environmental conditions. The introduction of a mix of personality profiles would
work for both social and asocial species.

The boldness dimension has proven to be an interesting starting-point for conserva-
tionists to investigate. Maybe a captive experiment could be conducted mixing bold and
shy individuals, in different proportions (100% bold; 80% bold and 20% shy; 50% bold and
50% shy; 20% bold and 80% shy; 100% shy) and in different environmental conditions (with
predators and without predators) to evaluate how different frequencies of personality traits
can affect survival. These examples also show that the study of personality needs to be
species-specific, since the results of survival for one species do not necessarily correspond
to the factors influencing the survival of a different species. This was a conclusion from
an extensive meta-analytical study, which showed that bolder individuals survive more
after reintroduction than shyer individuals [91]. However, in terms of species survival
in relation to bold or shy individuals surviving better we do not have enough data on
different species to analyze if there are other underlying biological causes, such as diet,
activity cycle, body size, etc.

2.2. Sociability

For social species, the number of social conflicts and how individuals deal with these
conflicts can help in the evolution and persistence of personality types. This hypothesis
is known as the social niche specialization hypothesis [92]. Thus, it is expected that
social species would present more personality types than asocial species, because different
personalities would make group living easier [92,93]. A greater number of personality
types were found in social shrews [93], spiders [94], and fishes [95,96]. Also, the presence
of conspecifics in social species can modify an individual’s willingness to take risks. For the
three-spined stickleback fish (Gasterosteus aculeatus), the absence of other individuals made
solitary animals take more risks [96]. This could be a result of the solitary individual seeking
the presence of conspecifics [97,98], the need to explore the environment to locate shelter
and food [99], and/or caused by the lack of social information transmission [100,101]. Thus,
the release of solitary individuals of social species can increase the risks of failure in a
conservation program.

Studies evaluating the frequency of personality traits in nature, the fitness outcomes
of each personality trait (i.e., the number of offspring, survival rates, sociability, etc.) and
heritability estimates of personality traits [personality traits are known to be heritable, but
heritability estimates vary depending on the trait and the species evaluated [88,102]] are
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important for a better comprehension of the evolution of animal personality. Besides this,
some studies show that behavioral syndromes (personality traits at a population level)
can vary depending on the habitat type (example: rural or urban) and that personality
influences neophilia and neophobia in the individuals (for example urban individuals tend
to be bolder, more exploratory and neophiliac, while rural individuals tend to be shyer, less
exploratory and neophobic) [103,104]. Such studies could enhance the benefits of using
personality as a tool to increase the survival of animals after release.

3. Other Links Between Personality and Species Conservation

Personality–conservation studies are not only investigations of the boldness dimension
and its link to survival rates after translocation. There are many more aspects of personality
that can be studied to enhance conservation success.

3.1. Birth Environment

First, the birth environment can shape personality traits in animals. Some studies
are linking the birth environment to personality traits of offspring [105]. In these studies,
parental effects on their offspring’s phenotypes are discussed. These effects can be both
genetical and environmental [105,106]. The parental effect on the offspring’s genotype
comes from heritability of genes [88,107,108]. The parental effect on the phenotype of the
offspring comes from the influence of the environment on the parents (epigenetic effect),
which transmits their responses to the environmental stimuli to their offspring [88,107,108].
Some examples are rank-related facilitation in social species, where the status of the parents
in the society can facilitate access to food items, adequate habitats, social raising, and
inter-relationships [92]; food provisioning: when parents are able to provide an adequate
food supply for the growth of their offspring, this will allow an adequate development of
physical and physiological systems, which will influence the expression of certain behaviors
later in life [109]; even the place chosen by parents to give birth can influence the personality
of the animals, by stimulating the secretion of hormones, that will influence development
and behavior [110]. Thus, an animal can be more curious or bolder depending, in part, on
parental influence on the birth environment.

3.2. Stress

Second, chronic stress can decrease the success of conservation programs and can be
linked to personality traits of animals. Distress needs to be avoided for better outcomes
in conservation studies since distressed animals have difficulties in adapting to their new
habitat, and, therefore, are more prone to be predated [110–114]. However, animals need
some acute stress events to enhance physiological responses of their body [79,86] and for the
normal elicitation and development of behaviors, such as learning about predators and how
to escape them [44,45] or prey-capture behaviors [115]. Some studies link the production
of stress hormones and a weak feedback response to personality traits, such as those on
the shy-bold continuum axis [example: shyer hens (personality trait) present a higher
Hypothalamic-Pituitary-Adrenal activity (hormonal response) and a low rate of feather
pecking than bolder hens (behavioral response) [111,116]. This relationship was observed
in a study of the great tit (Parus major), where more risk-averse individuals were those who
produced more glucocorticoid hormones and had a weaker feedback response [111]. Other
studies have shown that more risk-averse animals are more prone to develop heart and
intestinal diseases, as well as to have a weaker immunological system [112]. For example,
optimally stressed animals could better adjust their behavioral and physiological responses
to the new environment after release into nature.

3.3. Dispersion

Third, could the use of bolder animals to reinforce a population be a better strategy
since they disperse and explore more of the environment? This answer depends on other
indicators, such as the profile of the natural population, the need to preserve personality
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diversity, and habitat characteristics, such as predation risk. Bolder and shyer individuals,
for example, can present a non-random distribution through the environment, with bolder
individuals occupying riskier areas (like those with high human disturbances such as
urban environments) and shyer avoiding such areas (personality-matching habitat choice
hypothesis [117,118]). Thus, the evaluation of the predation risk of a certain habitat could
help to decide which personality profile would be expected to do better after release.

3.4. Reproduction

Finally, reproduction can be influenced by personality traits. Some studies link person-
ality characteristics to reproductive success [119–121]. Antisocial captive cheetahs (Acyonix
jubatus), that avoid social interactions reproduce more than social individuals, which was
related to ovarian suppression in paired females [122]. In the zebrafish (Danio rerio) bolder
and more aggressive males fertilize more eggs when compared to shyer individuals [123].
In the giant panda (Ailuropoda melanoleuca) more aggressive males produce more cubs due
to more successful intromissions in less aggressive females, showing a male/female per-
sonality effect on reproduction [38]. The captive breeding of zoo animals using studbooks
is based on preserving as much genetic diversity as possible by maintaining the animals
under neutral selection conditions [124]. However, in practice this has not always been the
case and may not always be the case today. For example, a study found that tamer small cat
species were more likely to breed in zoos [125]. Historically, the captive breeding of animals
has tried to eliminate individuals who were considered overly aggressive [126], this was
actively done for domesticated animals and informally done for zoo animals before the
use of studbooks. The insertion of personality data in studbooks could be beneficial in
the reproductive management of captive populations [41]. Thus, personality traits can
decisively affect reproductive rates and should be considered in animal management [127]
(Figure 1).
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4. How to Evaluate Personality before Release

Since personality is so important for various biological processes, it is important to
know the best methods to collect personality data: questionnaires (rating) and behavioral
data (coding) [128,129].

The rating method is a qualitative way to consider animal personality [130]. It involves
people familiar with the individuals answering questionnaires [131]. In the questionnaires
different aspects of animal personality are addressed (boldness, sociability, activity, ex-
ploration, aggressiveness), and the respondents score these aspects by marking on scales
that normally range from 1 to 10, where 1 means that the aspect is not or hardly ob-
served in the evaluated individual and 10 means that the aspect is always observed in
the individual [131,132]. Ratings need to be statistically validated, which is a complicated
process [131], because they need to measure animal personality accurately [130]. The rating
method is one of the most used in animal personality studies [132]. A recently developed
similar approach, which can provide insights into an animal’s personality, is Qualitative
Behavioral Assessment [133,134].

The coding method is based on recording the behavior expressed by the individuals
during behavioral tests (e.g., open-field, novel object, etc.) or during normal activities,
in captivity or in the wild [132]. Behavioral tests are considered better for the animals to
display their personality than observing general behavior [128]. Then, the frequencies of
behavioral expressions are computed and used in personality determination [129].

Both methods are efficient in personality investigation, and the best method should
be chosen based on the study goals and on the environment where the study is being
conducted (the rating method is easier for captive environments and the coding method is
better for natural environments [128]). The rating method has the advantage of gathering
data faster than the coding method, but also has the disadvantage of being based on
the judgements of the raters (if more than one rater is rating the animals, their ratings
need to present high levels of agreement to be validated; this normally occurs when very
experienced raters are rating the animals) [128]. The coding method has the advantage
of being based on the behavior exhibited by the animals, which are recorded without the
idea of personality classification, but has the disadvantage of being more time-consuming
to gather data [128]. Some authors compared the two methods and found contradictory
results, with studies showing that both methods generated similar results [135–137], and
different results [128,138]. Some authors argued that personality researchers should apply
both methods because they are complementary and generate important information about
the personality dimensions of the animals [139]. It is important to validate behavioral
rating and coding because behavioral recordings always involve subjective judgements.
Before validity, we need to test the consistency of data, i.e., how reliable is the collected
data. Intra-observer, inter-observer and inter-test’s reliability needs to be evaluated by
statistical tests, such as correlation statistics, and if the result of the correlation coefficient
is 0.7 or more, then we can assume that the data is reliable [140]. Suggestions for data
reliability and validation can be found in the scientific literature [130,141].

A practical and quick idea/suggestion for conservationists is to calculate boldness
scores for the animals intended to be reintroduced. Boldness score is calculated based on
the number of bold and shy behaviors exhibited during novel object trials [67,142]. To
do this, researchers need to classify the species’ behaviors into four categories: overly
bold, bold, shy, and overly shy. Overly bold behaviors will be summed and multiplied
by 3, bold behaviors will be summed and multiplied by 2, shy behaviors will be summed
and multiplied by 1 and overly shy behaviors will be summed and multiplied by -1 [142].
The scores for each bold/shy category are summed, and the highest values represent
the bolder individuals while the lowest values represent the shyer individuals. This
method developed for the swift fox proved to be easy to apply and should be considered
in conservation programs (this is only a suggestion; other practices can be found in the
scientific literature [127,143]). Obviously, it would be useful to have population data
because of the possibility of having only one personality type in your sample.
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5. Conclusions

Animal personality studies are being applied to animal conservation studies. The
evaluation of the influence of birth places, parent personality, stress resilience, and risk
assessment can be important to select the best individuals to be released. Behavioral tests,
such the novel object test, should be implemented to discriminate personality aspects
of the individuals, such as boldness and aggressiveness. Personality studies could help
conservation programs to increase their success rate.
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103. Bratko, D.; Butković, A.; Hlupić, T.V. Heritability of Personality. Psihol. teme 2017, 26, 1–24. [CrossRef]
104. Huang, P.; St. Mary, C.M.; Kimball, R.T. Habitat urbanization and stress response are primary predictors of personality variation

in northern cardinals (Cardinalis cardinalis). J. Urban Ecol. 2020, 6, 1–13. [CrossRef]
105. Herborn, K.A.; Macleod, R.; Miles, W.T.S.; Schofield, A.N.B.; Alexander, L.; Arnold, K.E. Personality in captivity reflects

personality in the wild. Anim. Behav. 2010, 79, 835–843. [CrossRef]
106. Reddon, A.R. Parental effects on animal personality. Behav. Ecol. 2012, 23, 242–245. [CrossRef]
107. Hertler, S.C. Beyond birth order: The biological logic of personality variation among siblings. Cogent Psychol. 2017, 4, 1325570.

[CrossRef]
108. Zajitschek, S.; Herbert-Read, J.E.; Abbasi, N.M.; Zajitschek, F.; Immler, S. Paternal personality and social status influence offspring

activity in zebrafish. BMC Evol. Biol. 2017, 17, 157. [CrossRef]
109. Chira, A. How does parental personality influence offspring quality in animals? Ann. For. Res. 2014, 57, 347–362. [CrossRef]
110. Mutzel, A.; Dingemanse, N.J.; Araya-Ajoy, Y.G.; Kempenaers, B. Parental provisioning behaviour plays a key role in linking

personality with reproductive success. Philos. Trans. R. Soc. B Biol. Sci. 2013, 280, 20131019. [CrossRef]
111. Baugh, A.T.; Senft, R.A.; Firke, M.; Lauder, A.; Schroeder, J.; Meddle, S.L.; Van Oers, K.; Hau, M. Risk-averse personalities have

a systemically potentiated neuroendocrine stress axis: A multilevel experiment in Parus major. Horm. Behav. 2017, 93, 99–108.
[CrossRef]

http://doi.org/10.1038/246421a0
http://doi.org/10.1163/156853905774539454
http://doi.org/10.1016/j.tree.2012.05.001
http://doi.org/10.1098/rstb.2010.0178
http://doi.org/10.1111/jeb.12700
http://doi.org/10.3389/fevo.2017.00007
http://doi.org/10.1016/j.tree.2014.11.004
http://www.ncbi.nlm.nih.gov/pubmed/25498413
http://doi.org/10.1111/ele.13438
http://www.ncbi.nlm.nih.gov/pubmed/31811699
http://doi.org/10.1016/j.tree.2010.06.012
http://doi.org/10.1016/j.anbehav.2017.02.021
http://doi.org/10.1098/rspb.2013.3166
http://doi.org/10.1016/j.applanim.2016.02.004
http://doi.org/10.1016/j.anbehav.2015.12.010
http://www.ncbi.nlm.nih.gov/pubmed/26949265
http://doi.org/10.1037/0735-7036.105.4.366
http://www.ncbi.nlm.nih.gov/pubmed/1778069
http://doi.org/10.1111/1365-2656.12724
http://www.ncbi.nlm.nih.gov/pubmed/28646599
http://doi.org/10.1098/rspb.2013.1724
http://doi.org/10.3389/fpsyg.2016.01147
http://www.ncbi.nlm.nih.gov/pubmed/27540368
http://doi.org/10.1016/j.anbehav.2019.10.017
http://doi.org/10.1016/bs.asb.2017.02.004
http://doi.org/10.31820/pt.26.1.1
http://doi.org/10.1093/jue/juaa015
http://doi.org/10.1016/j.anbehav.2009.12.026
http://doi.org/10.1093/beheco/arr210
http://doi.org/10.1080/23311908.2017.1325570
http://doi.org/10.1186/s12862-017-1005-0
http://doi.org/10.15287/afr.2014.233
http://doi.org/10.1098/rspb.2013.1019
http://doi.org/10.1016/j.yhbeh.2017.05.011


Animals 2021, 11, 1019 12 of 13

112. 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. Coping styles in animals: Current status in behavior and stress-physiology. Neurosci. Biobehav. Rev. 1999, 23, 925–935.
[CrossRef]

113. Dickens, M.J.; Delehanty, D.J.; Romero, L.M. Stress: An inevitable component of animal translocation. Biol. Conserv. 2010, 143,
1329–1341. [CrossRef]

114. Teixeira, C.P.; de Azevedo, C.S.; Mendl, M.; Cipreste, C.F.; Young, R.J. Revisiting translocation and reintroduction programmes:
The importance of considering stress. Anim. Behav. 2007, 73, 1–13. [CrossRef]

115. Newberry, R.C. Environmental enrichment: Increasing the biological relevance of captive environments. Appl. Anim. Behav. Sci.
1995, 44, 229–243. [CrossRef]

116. Carere, C.; Van Oers, K. Shy and bold great tits (Parus major): Body temperature and breath rate in response to handling stress.
Physiol. Behav. 2004, 82, 905–912. [CrossRef]

117. Carrete, M.; Tella, J.L. Individual consistency in flight initiation distances in burrowing owls: A new hypothesis on disturbance-
induced habitat selection. Biol. Lett. 2009, 6, 167–170. [CrossRef] [PubMed]

118. Holtmann, B.; Santos, E.S.A.; Lara, C.E.; Nakagawa, S. Personality-matching habitat choice, rather than behavioural plasticity, is a
likely driver of a phenotype–environment covariance. Philos. Trans. R. Soc. B Biol. Sci. 2017, 284, 20170943. [CrossRef]

119. Monceau, K.; Dechaume-Moncharmont, F.-X.; Moreau, J.; Lucas, C.; Capoduro, R.; Motreuil, S.; Moret, Y. Personality, immune
response and reproductive success: An appraisal of the pace-of-life syndrome hypothesis. J. Anim. Ecol. 2017, 86, 932–942.
[CrossRef]

120. Carter, A.J.; Goldizen, A.W.; Tromp, S.A. Agamas exhibit behavioral syndromes: Bolder males bask and feed more but may suffer
higher predation. Behav. Ecol. 2010, 21, 655–661. [CrossRef]

121. Both, C.; Dingemanse, N.J.; Drent, P.J.; Tinbergen, J.M. Pairs of extreme avian personalities have highest reproductive success. J.
Anim. Ecol. 2005, 74, 667–674. [CrossRef]

122. Razal, C.; Pisacane, C.; Miller, L. Multifaceted Approach to Personality Assessment in Cheetahs (Acinonyx jubatus). Anim. Behav.
Cogn. 2016, 3, 22–31. [CrossRef]

123. Ariyomo, T.O.; Watt, P.J. The effect of variation in boldness and aggressiveness on the reproductive success of zebrafish. Anim.
Behav. 2012, 83, 41–46. [CrossRef]

124. Princée, F.P.G. Exploring Studbooks for Wildlife Management and Conservation; Springer: Cham, Switzerland, 2016; ISBN 978-3-319-50031-7.
125. Mellen, J.D. Factors influencing reproductive success in small captive exotic felids (Felis spp.): A multiple regression analysis. Zoo

Biol. 1991, 10, 95–110. [CrossRef]
126. Løvendahl, P.; Damgaard, L.H.; Nielsen, B.L.; Thodberg, K.; Su, G.; Rydhmer, L. Aggressive behaviour of sows at mixing and

maternal behaviour are heritable and genetically correlated traits. Livest. Prod. Sci. 2005, 93, 73–85. [CrossRef]
127. Watters, J.V.; Powell, D.M. Measuring Animal Personality for Use in Population Management in Zoos: Suggested Methods and

Rationale. Zoo Biol. 2011, 31, 1–12. [CrossRef]
128. Highfill, L.; Hanbury, D.; Kristiansen, R.; Kuczaj, S.; Watson, S. Rating vs. coding in animal personality research. Zoo Biol. 2009,

29, 509–516. [CrossRef] [PubMed]
129. Inoue-Murayama, M.; Kawamura, S.; Weiss, A. From Genes to Animal Behavior: Social Structures, Personalities, Communication by

Color; Springer: Tokyo, Japan, 2011.
130. Meagher, R.K. Observer ratings: Validity and value as a tool for animal welfare research. Appl. Anim. Behav. Sci. 2009, 119, 1–14.

[CrossRef]
131. Finkemeier, M.-A.; Langbein, J.; Puppe, B. Personality Research in Mammalian Farm Animals: Concepts, Measures, and

Relationship to Welfare. Front. Veter. Sci. 2018, 5, 131. [CrossRef] [PubMed]
132. Powell, D.; Zoo, S.L. Applications of Personality to the Management and Conservation of Nonhuman Animals. In From Genes

to Animal Behavior; Inoue-Murayama, M., Kawamura, S., Weiss, A., Eds.; Springer: Tokyo, Japan, 2015; pp. 185–199. ISBN
9784431538929.

133. Tetley, C.L.; O’Hara, S.J. Ratings of animal personality as a tool for improving the breeding, management and welfare of zoo
mammals. Anim. Welf. 2012, 21, 463–476. [CrossRef]

134. Minero, M.; Costa, E.D.; Dai, F.; Murray, L.A.M.; Canali, E.; Wemelsfelder, F. Use of Qualitative Behaviour Assessment as an
indicator of welfare in donkeys. Appl. Anim. Behav. Sci. 2016, 174, 147–153. [CrossRef]

135. Góis, K.C.R.; Ceballos, M.C.; Sant’Anna, A.C.; Da Costa, M.J.R.P. Using an observer rating method to assess the effects of
rotational stocking method on beef cattle temperament over time. Rev. Bras. Zootec. 2016, 45, 501–508. [CrossRef]

136. Kubinyi, E.; Gosling, S.D.; Miklósi, Á. A comparison of rating and coding behavioural traits in dogs. Acta Biol. Hung. 2015, 66,
27–40. [CrossRef] [PubMed]

137. Horback, K.M.; Miller, L.J.; Kuczaj, S.A. Personality assessment in African elephants (Loxodonta africana): Comparing the temporal
stability of ethological coding versus trait rating. Appl. Anim. Behav. Sci. 2013, 149, 55–62. [CrossRef]

138. Ijichi, C.; Collins, L.M.; Creighton, E.; Elwood, R.W. Harnessing the power of personality assessment: Subjective assessment
predicts behaviour in horses. Behav. Process. 2013, 96, 47–52. [CrossRef]

139. Silva, V.S.; Azevedo, C.S. Evaluating personality traits of captive maned wolves, Chrysocyon brachyurus (Illiger, 1815) (Mammalia:
Canidae), for conservation purposes. Lundiana 2013, 11, 35–41.

http://doi.org/10.1016/S0149-7634(99)00026-3
http://doi.org/10.1016/j.biocon.2010.02.032
http://doi.org/10.1016/j.anbehav.2006.06.002
http://doi.org/10.1016/0168-1591(95)00616-Z
http://doi.org/10.1016/S0031-9384(04)00312-9
http://doi.org/10.1098/rsbl.2009.0739
http://www.ncbi.nlm.nih.gov/pubmed/19864278
http://doi.org/10.1098/rspb.2017.0943
http://doi.org/10.1111/1365-2656.12684
http://doi.org/10.1093/beheco/arq036
http://doi.org/10.1111/j.1365-2656.2005.00962.x
http://doi.org/10.12966/abc.02.02.2016
http://doi.org/10.1016/j.anbehav.2011.10.004
http://doi.org/10.1002/zoo.1430100202
http://doi.org/10.1016/j.livprodsci.2004.11.008
http://doi.org/10.1002/zoo.20379
http://doi.org/10.1002/zoo.20279
http://www.ncbi.nlm.nih.gov/pubmed/19827135
http://doi.org/10.1016/j.applanim.2009.02.026
http://doi.org/10.3389/fvets.2018.00131
http://www.ncbi.nlm.nih.gov/pubmed/30003083
http://doi.org/10.7120/09627286.21.4.463
http://doi.org/10.1016/j.applanim.2015.10.010
http://doi.org/10.1590/s1806-92902016000900001
http://doi.org/10.1556/ABiol.66.2015.1.3
http://www.ncbi.nlm.nih.gov/pubmed/25740436
http://doi.org/10.1016/j.applanim.2013.09.009
http://doi.org/10.1016/j.beproc.2013.02.017


Animals 2021, 11, 1019 13 of 13

140. Carlstead, K.; Mellen, J.; Kleiman, D.G. Black rhinoceros (Diceros bicornis) in U.S. Zoos: I. Individual behavior profiles and their
relationship to breeding success. Zoo Biol. 1999, 18, 17–34. [CrossRef]

141. Martin, P.; Bateson, P. Measuring Behaviour, 3rd ed.; Cambridge University Press: Cambridge, UK, 2007; ISBN 9780511810893.
142. Beckmann, C.; Biro, P.A. On the Validity of a Single (Boldness) Assay in Personality Research. Ethology 2013, 119, 937–947.

[CrossRef]
143. Bremner-Harrison, S.; Cypher, B.L.; Job, C.V.H.; Harrison, S.W.R. Assessing personality in San Joaquin kit fox in situ: Efficacy of

field-based experimental methods and implications for conservation management. J. Ethol. 2018, 36, 23–33. [CrossRef] [PubMed]

http://doi.org/10.1002/(SICI)1098-2361(1999)18:1&lt;17::AID-ZOO4&gt;3.0.CO;2-K
http://doi.org/10.1111/eth.12137
http://doi.org/10.1007/s10164-017-0525-9
http://www.ncbi.nlm.nih.gov/pubmed/29353954

	Introduction 
	Animal Personality and Animal Releases 
	Boldness, Exploration, and Activity: Influence on Survival after Release 
	Sociability 

	Other Links Between Personality and Species Conservation 
	Birth Environment 
	Stress 
	Dispersion 
	Reproduction 

	How to Evaluate Personality before Release 
	Conclusions 
	References

