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When individuals react differently to a stimulus, and these
behavioural trait differences are repeatable (consistent) across
time and contexts, the variation is known as personality (e.g.
Briffa & Weiss 2010). Using data from successive behavioural
assays, Biro (2012) showed that within-individual behavioural
responses during initial tests in a relatively unfamiliar envi-
ronment were not repeatable. In contrast, later tests conducted
in the same environment, which was relatively more familiar,
produced repeatable behaviours. Biro therefore suggested that
a large number of observations (� 10) per individual are
required to acclimate and characterize labile behavioural states
rigorously. We believe that Biro’s assay unintentionally conflates
different types of behavioural traits. This issue is not discussed
in the commentary. We also propose that rapid repeated
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behavioural assays habituate individuals and the results cannot
be extrapolated to assaying in a novel and unfamiliar environ-
ment. Finally, we suggest that Biro’s recommended number of
repeat samples per individual is often not logistically feasible in
wild populations.

A behavioural trait can be measured along an axis with high and
low estimates of the trait represented as extremes. Réale et al.
(2007) suggested that behavioural traits can be divided into five
guideline categories: (1) shyebold: an individual’s response to
a risky situation in a familiar environment; (2) exploratione
avoidance: an individual’s response to a novel situation, such as an
unfamiliar environment or object; (3) activity: the activity level of
an individual in a nonrisky and familiar environment; (4) aggres-
siveness: an individual’s pugnacity towards conspecifics in a social
setting; and (5) sociability: an individual’s nonaggressive tendency
to seek or avoid conspecifics. As all these axes are sensitive to the
context inwhich they are measured, experiments must be designed
to ensure that the intended behavioural axis is assayed (Carter et al.
2012b; Réale et al. 2007).
by Elsevier Ltd. All rights reserved.
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Biro’s assays measured boldness and activity in an increasingly
familiar context as testing progressed. Therefore, the activity assay
conflated explorationeavoidance and activity behaviours. Boldness
and activity were measured twice a day over 7 days in Ward’s
damselfish, Pomacentrus wardi, and individuals were ranked in
their response to risk in an environment that became increasingly
familiar through acclimatization. Boldness was scored via a startle
latency response and activity by the number of aquarium crossings
and movement time. Boldness was not repeatable between a rela-
tively unfamiliar and a more familiar environment, that is, before
versus after three to four observations. Activity was not repeatable
in relatively unfamiliar settings but was repeatable in more familiar
settings, that is, after four observations. It has been documented
that behavioural traits thought to stem from the same behavioural
axis may in fact stem from different axes when sampled in different
contexts (Carter et al. 2012a). It is therefore important to ensure
that behavioural traits and the contexts inwhich they are expressed
are fully defined. Any underlying assumptions affecting the
behavioural trait must be supported before testing and considered
during interpretation.

Associative learning, causing habituation to an increasingly
familiar stimulus, further confounds behavioural traitmeasurements
in changing contexts. There are two points in Biro’s study where
habituation may have affected the conclusions drawn from the
boldness assay: during the initial training period andduring repeated
rapid assaying. Before the study, Biro had to train some of the dam-
selfish to retreat to a shelter after a simulated attack. Therefore, Biro’s
boldness scores, after repeated training and sampling, might not
reflect boldness, because of habituation to the stimulus. Biro also
revealed that averaging test scores may lead to incorrect conclusions
about the behavioural traits of individuals. However, he did not
consider the likelihood of habituation or that individuals can differ in
their rate of habituation and learning (Glowa & Hansen 1994;
Gallistel et al. 2004). We therefore consider it vital to consider con-
text, habituation and individual plasticity in habituation responses
when designing and drawing conclusions from behavioural assays.

One way of minimizing the potential for the habituation of in-
dividuals to novelty might be to use longer intermeasure intervals
between assays. In Biro’s laboratory study the interval length was
3e17 h. Longer intervals could help reduce the possibility of non-
associative learning causing habituation. For example, a shorter
interval length between successive exploration tests, across four
great tit, Parus major, populations, caused birds to become faster
explorers (Dingemanse et al. 2012). The intermeasure interval
length in studies of wild populations is usually less controllable and
often considerably longer (potentially years) than in laboratory
populations, owing to unpredictable recapture events. Clearly, the
experimental design must statistically consider the intersampling
interval in the study of both wild and captive populations.

In addition to the effect of interval length, behavioural responses
towards the same stimulus may differ when measured in the wild
versus the laboratory. Biro correctly highlights that ‘the implicit
assumption of any laboratory study of a labile trait, such as
behaviour, is that its expression is a good predictor of trait
expression of those same individuals under more familiar, less
stressful, and therefore more natural conditions’ (pp. 1295e1296).
We generally agree with this notion, although we note that the
measurement of the explorationeavoidance axis relies on meas-
uring responses to novel environments. Such tests will naturally
involve an element of stress that an individual would not encounter
in a familiar environment. The stress response is therefore an ele-
ment of the exploration response to a novel environment. An
empirical study by Herborn et al. (2010) supports this idea by
showing that exploration behaviour in a novel environment pos-
itively predicted analogous exploration measurements in the wild.
Additionally, individuals sampled in wild populations will
have experienced greater variation in their environment than in-
dividuals raised in the laboratory. Greater environmental variation
coupled with processes such as stimulus generalization may act to
habituate wild individuals to stress-imposed responses (Bell et al.
2009; A. Weiss, personal communication). This could be the rea-
sonwhy captive-bred birds and wild birds of the same species react
differently to the same novelty tests (E. Schlicht & J. Partecke,
personal communication). To support these ideas better, more
research is needed to compare behavioural responses of wild and
captive animals.

To advance our knowledge of the biology of personality traits we
must not only ensure comparability between wild and captive
studies but also obtain accurate and precise results. For this, we
need to define precisely the quantity and type of data required.
Limited resources will inevitably produce a trade-off between the
number of individuals measured and the number of measurements
per individual. Biro’s rapid assay used mixed models to estimate
behavioural reaction norms. These models use repeated measures
to describe how personalities change over time (Dingemanse et al.
2010). Specifically, Biro identified a break point that divided the
reaction norm into two periods, probably because of acclimation.
Biro recommends that future studies should use at least 10 obser-
vations to identify this acclimation point and rigorously charac-
terize the reaction norm. Sensitivity analyses suggest that a ratio of
individuals to observations of >0.5 with sample sizes over 200
provides the power to detect individual variation in the slopes and
intercepts of reaction norms (Martin et al. 2011; van de Pol 2011).
However, to generate accurate and precise estimates, the ratio of
individuals to observations should be �0.5, with 40 or more in-
dividuals and a total sample size of at least 1000 observations
(Martin et al. 2011; van de Pol 2011). When these criteria are ach-
ieved, the ratio of individuals to observations can be biased towards
more individuals (van de Pol 2011); however, when repeatability is
low the ratio should be biased towards more observations
(Garamszegi & Herczeg 2012).

The trade-off between the number of individuals measured and
the number of measurements per individual is accentuated in the
study of wild animals because of the logistical and administrative
constraints. It is often not feasible, and may even be harmful, to
collect multiple experimental measurements per individual. A
meta-analysis of the repeatability of behavioural measures (see
supplementary material in Bell et al. 2009) highlights this possible
difficulty. It demonstrated that more repeated measures were
usually obtained in the laboratory (mean ¼ 5.7, 95% confidence
interval, CI ¼ 4.8e6.6) than in the field (mean ¼ 2.4, 95%
CI ¼ 2.3�2.5). The majority of laboratory and field studies sampled
individuals just twice, although some studies sampled individuals
over 60 times, resulting in a mode of 2 and a mean of 4.4 (95%
CI ¼ 3.8�5.0) measures per individual over 759 studies. This im-
plies for wild populations that Biro’s suggestion of 10 measures per
individual is often logistically unfeasible.

In summary, we believe that Biro’s study raises a valid and
cautionary note about the misclassification of individual behav-
ioural types and inaccurate estimation of the repeatability of
behavioural traits. We highlight that Biro’s suggested 10 measures
per individual to allow for acclimation is confounded by the
habituation effect resulting from associative learning. This con-
sequently conflates behavioural axes because of changing contexts.
We question whether Biro’s recommendation can improve behav-
ioural trait assessment, especially in wild populations. Carefully
designed empirical studies are needed to prevent misclassification
of behavioural traits (Carter et al 2012b; Campbell & Fiske 1959)
when traits are correlated and context dependent, and combined
field and laboratory studies will help to validate comparability. This
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could reveal important patterns and improve our understanding of,
for instance, how stable behavioural syndromes are across contexts
and time and the impact of habituation and frequency of inter-
measure intervals on repeatability estimates.
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