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Abstract

Animals regularly scan their environment for predators and to monitor conspecifics. How-
ever, individuals in a group seem to differ in their vigilance linked to age, sex or state with
recent links made to personality. The aims of the study were to investigate whether a) indi-
viduals differ consistently in their vigilance, b) vigilance is linked to other personality traits
and c) other factors affect vigilance in the colour polymorphic Gouldian finch. Birds were
tested in same (red-headed or black-headed) or mixed head colour morph same sex pairs in
four contexts (novel environment, familiar environment, two changed environments). Vigi-
lance was measured as horizontal head movements. Vigilance showed contextual consis-
tency but no long-term temporal consistency over a year. Head movements were only
weakly linked to other personality traits indicative of a risk-reward trade-off with more explor-
ative individuals being less vigilant. Vigilance was highly plastic across situations and
affected by group composition. Mixed head colour morph pairs made more head move-
ments, potentially linked to higher social vigilance. Results indicate that vigilance is a highly
plastic trait affected by personality rather than a personality trait on its own, which allows
adapting vigilance to different situations.

Introduction

Animals routinely interrupt their current behaviour to scan their environment for potential
threats, particularly from predators. Grouping helps to reduce the costs of vigilance to detect
predators [1-4] but increases demand on monitoring conspecifics (social vigilance; [3, 5-8]).
However, there is increasing evidence that individuals in a group differ in their vigilance due
to differences in state, sex or age (e.g., [2, 9, 10]).

Vigilance is often measured in a foraging context to investigate trade-offs between foraging
and vigilance [11] by assessing the frequency and duration of heads-up (e.g., [4, 9, 11, 12]).
More recently, primarily horizontal head movements (in contrast to primarily vertical head
movements) have been used to measure vigilance. This method allows measuring vigilance in
any context and provides more information about the strategies used when scanning the envi-
ronment [13]. Every horizontal movement of the head brings the eyes of an individual in con-
tact with a different part of the environment [13], hence the frequency of head movements
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indicates how much of its environment an animal covers within a given time [13]. A high fre-
quency of head movements means that different areas of the environment are scanned in fast
succession with a short duration of looking in a particular direction. This has been linked to a
visual search strategy that allows detecting any threats quickly [14] and often occurs in more
dangerous situations (e.g., novel environments, at the periphery of a group, in small groups;
[15-17]). In contrast, a low frequency of head movements indicates a longer dwelling on one
aspect of the environment consistent with a visual tracking strategy that allows collecting
information about distance, identity and movement of a target (e.g., predators or conspecifics;
[14]). Both methods (heads-up and horizontal head movements) are consistent in that a higher
frequency of vigilance (more heads-up or more horizontal head movements) usually occurs in
more dangerous situations and results in a faster detection of predators [13].

Differences in vigilance between individuals in a group can be linked to their vulnerability;
females in size dimorphic species are more vigilant than males [10] as are individuals at the
periphery of groups [18]. Whereas age seems to follow an inverse U-shape curve with juveniles
[9, 19, 20] and old adults [4, 21] being less vigilant, potentially reflecting the need for higher
food intake in juveniles, whereas bigger size or senescence may be the reason in adults.

Another factor differently affecting individual’s vigilance is group composition. Vigilance
in groups with young is higher than without young [18], particularly in females with young [5,
8, 10, 20]. Moreover, in ibex (Capra sibirica) female groups and mixed sex groups were more
vigilant than male groups reflecting the higher predation in female groups and social vigilance
directed towards harassing males in mixed groups [4]. Higher vigilance has also been observed
in colour polymorphic species when in mixed morph groups as compared to monomorphic
groups again indicating social vigilance [22].

More recently, vigilance has been linked to consistent individual differences (personality).
While there is considerable plasticity in vigilance across situations (higher vigilance in novel
situations or under higher predation risk [10, 18, 23, 24]), habitats [25] and season [2-4], indi-
viduals differ consistently in their vigilance over time [19, 26-29]. Moreover, a few studies
found vigilance to be consistent within [19] and across contexts [24, 29].

The above findings suggest that vigilance is a personality trait on its own. Whereas other
studies have treated vigilance more as a (cognitive) trait that may be affected by personality
(measured as boldness, aggression etc) of an individual [30, 31]. In brief, personalities may
vary along a risk-reward continuum with bold, aggressive individuals prioritising fast and high
rewards over risk, whereas shy, non-aggressive individuals prioritise safety over rewards [32].
Consequently, bold individuals would be expected to be less vigilant. This has been confirmed
in a range of species from birds to mammals including humans [26, 28, 30, 33], whereas in
three-spined sticklebacks (Gasterosteus aculeatus) vigilance differed consistently between indi-
viduals but was unrelated to boldness [31]. In Eurasian siskins (Carduelis spinus) bolder indi-
viduals had a higher scan rate indicating higher vigilance compensating for their riskier
behaviour [34]. In the human literature another personality trait-extraversion/ introversion
has been weakly but consistently linked to vigilance with extroverts being less vigilant [33, 35,
36]. Finally, Risko et al. [37] found that in humans, perceptual curiosity (the desire to touch
something novel as part of the openness dimension) was positively linked to vigilance.

Here we investigate vigilance in the colour-polymorphic Gouldian finch (Chloebia goul-
diae). The species occurs in two main head colours, black and red, in the wild with about 70%
black-headed birds and 30% red-headed birds and less than 1% yellow-headed birds in most
populations [38]. They are highly social and inhabit tropical savannah grassland in North Aus-
tralia [39]. Their personality is linked to their head colour with red-headed birds being more
aggressive but less explorative towards a novel object and risk-averse in potentially dangerous
situations than black-headed birds [40]. While the two main morphs do not differ in their
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vigilance, group composition matters. Whenever red-headed birds are present (mixed or pure
red-headed groups), vigilance is heightened compared to pure black-headed groups [22].
Moreover, vigilance was highly plastic across situations with fewer head movements the more
novel a situation was [22].

The aim of the current study was to investigate

1. Whether vigilance is a personality trait (contextual and temporal consistency).
2. Whether vigilance correlates with other personality traits.

3. How vigilance changes in relation to situation, age, sex, head colour and head colour
composition.

Material and methods

Twenty-two Gouldian finches took part in the experiment with 12 females (6 black-headed, 6
red-headed) and 10 males (4 black-headed, 6 red-headed). Ages ranged from 1 to 8 years. The
birds originated from 10 different bird breeders acquired over several years with all birds resid-
ing in the Animal Facility at Liverpool John Moors University since at least a year.

Birds were kept in mixed age, sex and head colour groups of about 6 birds, each. Dimen-
sions of the holding cages were 120 x 80 x 100 cm (length x depth x height) and consisted of
three closed walls with a wire mesh front and ceiling. The interior consisted of natural twigs
and perches with food provided in feeders at the front. Food consisted of a mixture of Blattner
Amadine Zucht Spezial (Gouldamadine), Blattner Astrilden Spezial and Blattner rote Manna-
hirse (Blattner Heimtierfutter, Ermengerst, Germany). Blattner bird grit was provided sepa-
rately, as were eggshells. Cages contained water dispensers and a bath. The light regime was 13
hlight to 11 h dark.

Experimental procedure

Experiments were conducted in an adjacent room containing six cages (120 x 70 x 100 cm)
arranged back-to-back in two rows. Cages consisted of three wooden walls with a wire mesh
front and ceiling facilitating that birds could not see but hear each other. Two perches were
available left and right running perpendicular to the front. Food and water were provided at
the front wire. A camera was permanently mounted on a tripod one metre away from the
front of each cage.

For the current experiment only four of the six cages were used due to logistical reasons.
Experiments were conducted over a seven-day period testing four groups at the same time (=
one batch) with the next batch of birds being moved into the experimental cages the day after
the preceding group had finished. Cages were thoroughly cleaned between groups. Gouldian
finches are highly social; hence, birds were tested in same sex pairs either in same or mixed
head colour pairs (4 black-headed, 4 red-headed, 4 mixed head colour pairs balanced across
sexes). As there were only 22 birds, two black-headed males were used a second time to pro-
vide a partner for two red-headed males. Vigilance data of the re-used birds were not included
in the analysis as they were already represented in the data set with their first testing. Head col-
our combinations and sexes were balanced within and across batches.

The following experiments were conducted: Vigilance was investigated in four different sit-
uations. (1) novel environment (when released into the experimental cage), (2) familiar envi-
ronment (day 5 in experimental cage), (3) changed environment 1 (day 6) and (4) changed
environment 2 (day 7). A change in the environment consisted of either a novel object (metal
star, 10.5 x 4.5 cm, height x width) placed at a neutral location in the cage (over a perch but
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away from food and water) or a novel object (Christmas stocking sock, 11.5 x 5.5 x 2.5 cmy;
HxWxDepth) placed over the feeder. The order of presentation (day 6 or 7) was balanced across
the objects. The two changed environments represented different levels of risk. The star at the
neutral location could be ignored when wanted, causing a lower level of risk, whereas the sock
over the feeder required interaction and approach when the birds wanted to feed. All experi-
ments started at 10:00am and lasted for one hour. Data were recorded with digital video cam-
eras using the GeoVision 1480 software (GeoVision Inc., Taipei, Taiwan) for later analysis.

Sixteen of the 22 birds had taken part in a very similar vigilance experiment a year earlier
with exactly the same procedure for the novel and familiar situation but a slightly different
protocol for the changed situation. Instead of placing a novel object inside the cage, a novel
object (toy penguin or panda bear, 15-17 cm height, respectively) mounted on a tripod was
placed 40 cm away from the front wire outside the cage [22]. Experiences with the cages a year
ago were unlikely to have affected responses as reactions to unfamiliar situations usually fully
recover after non-exposure of three to four weeks [41, 42].

Birds were released into the cage with video recording starting immediately to collect vigi-
lance data in the novel environment (situation 1). After one hour, video recording was
stopped, and the birds had until day 5 to habituate to the cage. On day 5, vigilance was
recorded again in the now familiar environment (situation 2). The next day, either the star was
positioned over the neutral perch or the stocking sock over the feeder (changed environment
one and two-situation 3 and 4). In case of the stocking sock, birds were food deprived for one
hour prior to the start of the experiment to have similar hunger levels. On day 7, the object not
used on day 6 was introduced. On both days recording lasted for one hour after which the

objects were removed. Birds were moved back into their holding cages after the experiment
had finished on day 7.

Data analysis

Vigilance was measured as horizontal head movements [13] and defined as any visible move-
ment of the head. Birds rarely looked up or down and these head movements were not consid-
ered. Frequency of head movements was extracted for each individual and situation. This
measure is inversely related to the duration of looking into a particular direction [17].

All analyses were conducted with SPSS v. 26. The full data set is available in the S1 Table.
To answer the first question whether vigilance is a personality trait, I first tested for contextual
consistency of vigilance across the four situations in all birds (n = 22) using Pearson correla-
tion tests. In a second step, I tested for contextual and temporal consistency across a year and
three situations (based on the outcome of the correlation analysis) using the birds that were
tested twice one year apart (n = 16). Vigilance in the novel, familiar and changed situation in
the two years was compared. The changed situation presented a change that could be ignored
(away from food and water) and differed slightly between years. In year two it was the star ata
neutral location, whereas in year one an object was positioned outside the cage. Two objects
were used in year one and the mean of the vigilance shown across the two objects was used in
the analysis [22]. This analysis was done with One-Way ANOVA. One-Way ANOVAs com-
pare within group variation against between group variation. Here intra-individual variation
in vigilance across different situations and years was compared against the between-individual
variation in vigilance. Each individual contributed six data points (96 data points in total).

The second question was about whether vigilance correlates with other personality traits.
Data from the birds in year two (n = 22) in the two changed situations were used for this analy-
sis. The star positioned at a neutral location is a standard measure for object exploration [43].
The novel object elicits both, approach (neophilia) and avoidance (neophobia) reactions.
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Approach occurs when the motivation to approach is higher than the motivation to avoid the
novel object [43]. Object exploration has been shown to be consistent over time and a person-
ality trait in the Gouldian finch [40]. Three latencies were recorded: the time between intro-
ducing the object over the perch and a) landing on the perch with the novel object, b) being in
reach (two body lengths marked with a black line on the perch) of the object and c) touching
the object. Only the latency to land on the perch was used for further analysis as all but two
birds landed on the perch (20/22) providing the most variation, whereas 12 approached the
object in reach and nine touched the object. Latency to perch was positively related with
latency in reach (Spearman correlation: n = 22, corr. coef. = 0.58, p = 0.005) and latency in
reach with latency to touch (corr. coef. = 0.75, p < 0.001).

The stocking sock positioned above the feeder is a standard measure for object neophobia
[43, 44]. Here the motivation to feed and the motivation to avoid the novel object are in con-
flict with each other and approach times are a good representation of the fear involved [43].
Object neophobia is a consistent trait and positively correlated with object exploration in the
Gouldian finches [45]. Again, three latencies were recorded: the time between positioning the
novel object on top of the feeder and a) being in reach of the feeder, b) landing on the feeder
and c) feeding. Only the latency to be in reach of the feeder was used for further analysis as ten
out of twenty-two birds approached the feeder, whereas nine landed on the feeder and one fed.
The latency to be in reach of the feeder was highly correlated with the latency to land on the
feeder (Spearman Correlation: n = 22, corr. coef. = 0.96, p < 0.001) and close to significance
with the latency to feed (corr. coef. = 0.39, p = 0.069). The latency to land on the perch with
the object (object exploration) and the latency to be in reach of the feeder (object neophobia),
respectively, were correlated with the vigilance measure for each situation using Spearman cor-
relations as data deviated from normality.

To address the third question about how situation, age, sex, head colour and head colour
composition affect vigilance, I ran General Linear Mixed Models (GLMM). Analyses were run
on the individual level with situation as repeated measure and individual as random factor to
account for repeated testing. The sample size was n = 22 with each bird contributing four data
points, one for each situation, resulting in 88 data points in total. The dependent variable was
frequencies of head movements with an identity link function. A series of models were built to
test for effects of different variables and interactions. The basic model consisted of four fixed
factors (situation, head colour morph, sex and age class), one covariate (partner head colour
morph) and two interaction terms (head colour morph x partner head colour morph and head
colour morph x sex), which is the same basic model used for analysis in the vigilance study the
year before [22] except for sex being a fixed factor now rather than a covariate. Using the same
basic model allows direct comparison with the new situations used in the current study. Age
classes consisted of one- to two-year-old birds (n = 5), three to four years of age (n = 8) and
older than four years (n = 9). More complex models included interaction terms with situations
and combinations of two interactions. Akaike criterion was used to select the best model.

Ethical note

Experiments were conducted in accordance with The Association for the Study of Animal
Behaviour (ASAB) ethical guidelines [46] and were non-invasive. Experiments were approved
by the University Ethics Committee.

Results

Question 1 investigated consistency of vigilance across the four situations. Head movements
in the familiar environment were positively correlated with head movements in one of the
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changed (star at a neutral location) and the novel environment situation (Pearson correlation:
n = 22, familiar vs changed (star at neutral location) corr. coef. = 0.68, p < 0.001, familiar vs
novel corr. coef. = 0.50, p = 0.017). Head movements in both changed environments showed a
weak trend to be positively correlated with head movements in the novel environment (star:
corr. coef. = 0.37, 0.092, sock: corr. coef. = 0.37, p = 0.089).

Furthermore, temporal and contextual consistency was investigated in a subset of birds that
were tested in this study and the year before considering vigilance in the familiar situation, the
novel situation and one changed situation (novel object at a neutral location or outside the
cage in year one). Within individual variation did not differ significantly from the between
individual variation (One-Way ANOVA: n = 16, F = 1.365, p = 0.185).

Question 2 was concerned about a link between vigilance and other personality traits. Head
movements in the changed situation (sock above feeder) correlated positively with the latency
to land on the perch with the novel object (corr. coef. = 0.53, p = 0.011) but no other correla-
tions were identified (all p > 0.2).

Question 3 addressed how vigilance in the different situations was affected by head colour
morph, age, sex and head colour morph composition. The best model retaining the most infor-
mation was the basic model with the interactions age class x situation, sex x situation, head col-
our morph x situation and partner head colour morph x situation (Table 1). The following
variables and interactions were significant (Table 2). Vigilance differed across situations (F; ¢,
=44.421, p < 0.001; Fig 1) with the fewest head movements in the novel environment (novel
vs familiar t,; = 3.712, p < 0.001, novel vs changed (neutral location) t,; = 2.038, p = 0.046,
novel vs changed (above feeder) t,; = 5.010, p < 0.001). Head movements were intermediate
in the familiar environment and were significantly higher than in the novel environment (see
above), but significantly lower than in the changed environment with the object above the
feeder (statistics are from an additional paired t-test as the GLMM only provided outputs in

Table 1. Model selection outcome using Akaike information criterion (AIC) comparing vigilance in Gouldian
finches with respect to head colour, partner head colour, age class and sex in different situations.

Model AIC | Diff'

Basic model® + age class x situation + sex x situation + head colour x situation + partner head 917.785

colour x situation

Basic model + age class x situation + sex x situation + head colour x situation 954.220 | 36.435
Basic model + age class x situation + sex x situation + partner head colour x situation 956.172 | 38.387
Basic model + sex x situation + head colour x situation + partner head colour x situation 989.993 | 72.208
Basic model + age class x situation + head colour x situation 991.324 | 73.539
Basic model + age class x situation + sex x situation 991.369 | 73.584
Basic model + age class x situation + partner head colour x situation 993.544 | 75.759
Basic model + sex x situation + head colour x situation 1026.175 | 108.39
Basic model + age class x situation 1028.228 | 110.443
Basic model + sex x situation + partner head colour x situation 1029.487 | 111.702
Basic model + head colour x situation 1063.747 | 145.962
Basic model + sex x situation 1064.390 | 146.605
Basic model + partner head colour x situation 1067.053 | 159.268
Basic model 1101.648 | 183.863

!Diff: Difference in AIC to best model (italics)
*Basic model: Situation + age class + sex + colour morph + partner colour morph (C) + colour morph x partner
colour morph + colour morph x sex

C: variable entered as covariate

https://doi.org/10.1371/journal.pone.0279066.t001
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Table 2. General Linear Mixed Model outcome of best model (see Table 1).

Variables F Df1 Df2 P
Corrected model 9.756 25 62 <0.001
Situation 44.421 3 62 <0.001
Age class 5.330 2 62 0.007
Sex 5.012 1 62 0.029
Colour morph 0.035 1 62 0.853
Colour morph x partner colour morph 16.164 2 62 <0.001
Colour morph x sex 1.835 2 62 0.180
Age class x situation 0.326 6 62 0.921
Sex x situation 1.648 3 62 0.188
Colour morph x situation 1.178 3 62 0.325
Partner colour morph x situation 0.303 3 62 0.823

https://doi.org/10.1371/journal.pone.0279066.t002

relation to the novel situation: t,; = -4.750, p < 0.001). Head movements in the familiar and
changed environment with the object at a neutral location were similar (additional paired t-
test: t; = 0.926, p = 0.365). Finally, head movements were highest in the changed environment
with the object above the feeder and differed significantly from all other situations (additional
paired t-test: changed (object above feeder) vs changed (object at neutral location) t,; = -5.062,
p < 0.001, for all other comparisons see above).

Age class was the second main factor with a significant effect (F, 4, = 5.339, p = 0.007; Fig
2). Overall, head movements decreased with age, particularly in the oldest age class. However,
posthoc tests were not significant (1-2 years vs > 4 years: t = 1.141, p = 0.258, 3-4 years vs > 4
years: t = 1.425, p = 0.159).

800
600
400
200

familiar changed env - changed env - novel

environment star over perch  sock above environment
feeder

Situation

Fig 1. Plasticity in vigilance across situations. Mean and standard error of frequency of head movements per hour (n = 22)
in four situations: familiar environment, two changed environments (star over neutral perch, sock above feeder) and novel
environment. * P < 0.05; *** P < 0.001; [***] P < 0.001 from additional paired t-tests.

https://doi.org/10.1371/journal.pone.0279066.9001
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1400 ~
1200 -
1000 -

600

400 -

Head movements

200 H

1-2 3-4 >4

Age class (years)

Fig 2. Age effects on vigilance. Mean and standard error of frequency of head movements per hour (n = 22) across age
classes.

https://doi.org/10.1371/journal.pone.0279066.9002

The main factor sex had a significant effect (F, ¢, = 5.012, p = 0.029) with males making
fewer head movements (1012 + 48) than females (1132 + 41). Moreover, the interaction head
colour morph x partner head colour morph was significant (F, s, = 16.164, p < 0.001; Fig 3).
Mixed head colour morphs made significantly more head movements than pure head colour

1400 - : * , i * 1
1200 A
1000
800
600 o
400 -
200

0 +

Head movements

partner BH  partner RH | partner BH  partner RH

BH RH

Morph composition

Fig 3. Effect of group composition on frequency of head movements. Mean and standard error of frequency of head
movements per hour (n = 22) for black-headed (BH) and red-headed (RH) birds when in pure black-headed (black
bar), red headed (red bars) or mixed head colour (hatched) morph pairings. * P < 0.05.

https://doi.org/10.1371/journal.pone.0279066.g003
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morphs (pure black-headed vs mixed head colour: t = -2.540, p = 0.014, pure red-headed vs
mixed head colour: t = 2.277, p = 0.026). No other variables and interactions were significant.
The random effect of individual was not significant (z = 0.077, p = 0.939).

Discussion

Vigilance measured as the frequency of head movements showed some short-term contextual
consistency between three situations (familiar-changed (object at neutral location)-novel
environment) but no long-term temporal consistency across one year. Moreover, head move-
ments showed some weak links to other personality traits. Vigilance was plastic across situa-
tions, decreased with age and was affected by group composition.

Vigilance showed short-term contextual consistency. Specifically, head movements in the
familiar environment correlated with head movements in the novel environment and the
changed environment with a novel object at a neutral location. This corroborates findings in
junglefowl (Gallus gallus), which showed contextual consistency in vigilance between a novel
environment and a novel object placed at a neutral location in the arena [29]. In hyaenas (Cro-
cuta crocuta) vigilance was consistent within contexts (resting, feeding, nursing) but not
between contexts [19]. Interestingly, vigilance in the changed situation with the object above
the feeder did not correlate with vigilance in any of the other situations. This is surprising and
requires further investigation. This was the only situation, in which a change occurred around
an important resource. The motivation to feed may have affected vigilance, particularly as
birds were food deprived. Indeed, some individuals became very agitated, moved a lot and
showed high vigilance up to the end, whereas others gave up on the food and settled down
after a while with fewer head movements.

Vigilance showed no long-term consistency (over one year). This contrasts with other stud-
ies, which found temporal consistency in hyaenas [19] and orange-winged amazons (Amazona
amazonica) over one year [28], in redshanks (Tringa tetanus) over a 3-month period [26] and
in cliff swallows (Petrochelidon pyrrhonata) within a breeding season [27]. This indicates that
Gouldian finches show short-term contextual consistency but no long-term temporal consis-
tency. One reason for the lack of long-term consistency could be that birds were tested with
different partners as group composition has been shown to affect vigilance [e.g., 4, 18, 22].
Future studies should test to which extent group composition affects consistency and whether
vigilance is consistent over time.

Vigilance was a poor predictor of other personality traits with only the frequency of head
movements in the changed situation with the object above the feeder (neophobia situation)
correlating with the latency to land on the perch with the novel object (exploration situation).
This may indicate that highly vigilant individuals are also more fearful and consequently hesi-
tate longer to engage in exploration than less vigilant individuals. In orange-winged amazons,
neurotic birds (more anxious and vulnerable to stress) were more vigilant than less anxious
[28]. It also weakly links to the risk-reward trade-off hypothesis that risk-takers are less vigilant
[26, 30, 47]. However, it is unclear why this link was only found across contexts rather than
within the same context with the object above the feeder. Generally, vigilance was not directly
linked to the latencies to explore and or to approach the food (neophobia). This is in agree-
ment with Zidar et al. [29] who did not find a link between vigilance and the latency to
approach a novel object in a slightly novel environment in junglefowl. Likewise, the number of
different foraging areas used (i.e., exploration of novel habitats) did not correlate with vigilance
in redshanks [26]. Most studies so far found a link between vigilance and the personality trait
extraversion (sociability) with more extrovert and social individuals being less vigilant [28, 33,
35, 36]. Sociability has not been considered in this study but should be included in future
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studies. Taken together, vigilance is a trait than can be affected by personality rather than a
personality trait on its own.

Vigilance showed considerable plasticity across situations, which indicates that individuals
adapt their vigilance to the degree of threat/ danger perceived. Such plasticity is well docu-
mented in a range of taxa in birds [22, 24, 26, 48] and mammals [2, 7, 20, 30, 49, 50]. Birds
were most vigilant when a change occurred around an important resource (novel object above
feeder). This indicates that they perceived this change as highly threatening. Higher vigilance
often occurs in more risky situations e.g., when at the periphery of a flock [51], in a novel situa-
tion [23, 52] or once a predator has been detected [24, 53, 54]. Interestingly, a novel object at a
neutral location did not increase vigilance as compared to the familiar situation. This is sur-
prising as an earlier study found reduced vigilance when an object was positioned outside the
cage [22]. This was interpreted as a more intense assessment of the novel object with spending
more time assessing the novel object and consequently fewer head movements. It is unclear
why the object in the cage did not cause a similar change in vigilance. Potential explanations
could be a) the objects outside the cage were considerably larger than the star in the cage con-
veying different levels of threat [55]. b) The outside object may have required more assessment
as it could only be explored from one direction, whereas the star could be approached from all
directions providing more information about threats [56]. Last but not least, vigilance was low-
est in the novel environment. This corroborates findings from an earlier study suggesting a
tracking strategy to collect information about the new situation [22]. Few head movements
mean that the bird is looking in one direction for longer. This allows collecting detailed infor-
mation about this particular part of the environment [14]. While this is opposite to most stud-
ies, which find higher vigilance in unfamiliar situations [23, 52], it can be explained with the
secrecy of this species as they sit quietly in a tree after arriving at a waterhole (own obs.).

Vigilance showed an age effect with a decrease in vigilance the older the bird, which was
particularly visible in the oldest birds (over 4 years). Greater experience [4] in older birds may
reduce head movements as they may be less aroused than younger individuals. Alternatively,
the old birds may be less vigilant due to cognitive deterioration [21].

Males made fewer head movements than females. This can be interpreted as using a track-
ing strategy, whereby males track each other to avoid attack [14]. As they focus on an individ-
ual for longer, the frequency of head movements declines. Females, in contrast, may have
generally scanned the environment moving the head frequently to cover all parts of the envi-
ronment [14].

Finally, group composition affected vigilance. Individuals in mixed head colour morph
groups were more vigilant than birds in pure red-headed or black-headed morph groups.
Higher vigilance in mixed head colour morph groups was also found in an earlier study of this
species [22]. Red-headed birds are more aggressive than black-headed Gouldian finches [40,
57, 58]. Black-headed birds may increase their vigilance to avoid aggression in the presence of
red-headed birds [22]. An increase in social vigilance has been observed across taxa in more
competitive situations [3, 5-7, 25]. Red-headed birds, in contrast, may watch black-headed
birds to extract information about potential environmental threats as black-heads take greater
risk [40] and investigate changes in the familiar environment faster [40, 45]. In both head col-
our morphs, greater social vigilance alongside environmental vigilance resulted in overall
higher vigilance in mixed morph groups.

In conclusion, vigilance showed short-term contextual consistency but no long-term tem-
poral consistency and some weak relationships to other personality traits supporting the risk-
reward trade-off hypothesis. Vigilance was highly plastic across situations with the highest vig-
ilance when changes occurred around important resources. Finally, vigilance was higher in
mixed morph groups pointing to increased social vigilance in these settings.

PLOS ONE | https://doi.org/10.1371/journal.pone.0279066 December 12, 2022 10/13


https://doi.org/10.1371/journal.pone.0279066

PLOS ONE

Is vigilance a personality trait?

Supporting information

S1 Table. Data about vigilance.
(XLSX)

Acknowledgments

I would like to thank Anna Temple for collecting some of the data for this study, Georgina
Eccles for helping with the data collection, Blattner Heimtierfutter for sponsoring all bird
food, Peter McGough and other breeders for donating some of the Gouldian Finches, and the
animal care technicians for looking after the birds.

Author Contributions

Conceptualization: Claudia Mettke-Hofmann.
Data curation: Claudia Mettke-Hofmann.

Formal analysis: Claudia Mettke-Hofmann.
Investigation: Claudia Mettke-Hofmann.
Methodology: Claudia Mettke-Hofmann.

Project administration: Claudia Mettke-Hofmann.
Writing - original draft: Claudia Mettke-Hofmann.

Writing - review & editing: Claudia Mettke-Hofmann.

References

1. YeY,JiangY,HuC,LiuY, Qing B, Wang C, et al. What makes a tactile forager join mixed-species
flocks? A case study with the endangered Crested Ibis (Nipponia nippon). Auk. 2017; 134: 421-431.

2. Fattorini N, Ferretti F. To scan or not to scan? Occurrence of the group-size effect in a seasonally non-
gregarious forager. Ethology. 2019; 125: 263-275.

3. Pecorellal, Fattorini N, Macchi E, Ferretti F. Sex/age differences in foraging, vigilance and alertness in
a social herbivore. Acta Ethol. 2019; 22: 1-8 https://doi.org/10.1007/s10211-018-0300-0.

4. HanlL,Blank D, Wang M, Yanget W. Vigilance behaviour in Siberian ibex (Capra sibirica): Effect of
group size, group type, sex and age. Behav Proc. 2020; 170: https://doi.org/10.1016/j.beproc.2019.
104021.

5. Fattorini N, Lovari S, Brunetti C, Baruzzi C, Cotza A, Macchi E. et al. Age, seasonality, and correlates of
aggression in female Apennine chamois. Behav Ecol Sociobiol. 2018; 72: 171 https://doi.org/10.1007/
s00265-018-2584-5.

6. Beauchamp G. On how risk and group size interact to influence vigilance. Biol Rev. 2019; 94: 1918—
1934. https://doi.org/10.1111/brv.12540 PMID: 31270943

7. Stears K, Schmitt MH, Wilmer CC, Shrader AM. Mixed-species herding levels the landscape of fear.
Proc R Soc B. 2020; 287: 20192555. https://doi.org/10.1098/rspb.2019.2555 PMID: 32126952

8. Rieucau G, Blanchard P, Martin JGA, Favreau F-R, Goldizen AW, Pays O. Investigating differences in
vigilance tactic use within and between the sexes in Eastern Grey Kangaroos. PLoS ONE. 2012; 7(9):
e44801. https://doi.org/10.1371/journal.pone.0044801 PMID: 22984563

9. ArenzCL, Leger DW. Antipredator vigilance of juvenile and adult thirteen-lined ground squirrels and the
role of nutritional need. Anim Behav. 2000; 59; 535-541. https://doi.org/10.1006/anbe.1999.1345
PMID: 10715175

10. Childress MJ, Lung MA. Predation risk, gender and the group size effect: does elk vigilance depend
upon the behaviour of conspecifics? Anim Behav. 2003; 66: 389-398.

11. Baker DJ, Stillman RA, Smart SL, Bullock JM, Norris KJ. Are the costs of routine vigilance avoided by
granivorous foragers? Func Ecol. 2011; 25: 617-627.

PLOS ONE | https://doi.org/10.1371/journal.pone.0279066 December 12, 2022 11/13


http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0279066.s001
https://doi.org/10.1007/s10211-018-0300-0
https://doi.org/10.1016/j.beproc.2019.104021
https://doi.org/10.1016/j.beproc.2019.104021
https://doi.org/10.1007/s00265-018-2584-5
https://doi.org/10.1007/s00265-018-2584-5
https://doi.org/10.1111/brv.12540
http://www.ncbi.nlm.nih.gov/pubmed/31270943
https://doi.org/10.1098/rspb.2019.2555
http://www.ncbi.nlm.nih.gov/pubmed/32126952
https://doi.org/10.1371/journal.pone.0044801
http://www.ncbi.nlm.nih.gov/pubmed/22984563
https://doi.org/10.1006/anbe.1999.1345
http://www.ncbi.nlm.nih.gov/pubmed/10715175
https://doi.org/10.1371/journal.pone.0279066

PLOS ONE

Is vigilance a personality trait?

12

13.

14.

15.

16.
17.

18.

19.

20.

21.

22,

23.

24,

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

Barnier F, Duncan P, Fritz H, Blanchard P, Rubenstein DI, Pays O. Between-gender differences in vigi-
lance do not necessarily lead to differences in foraging-vigilance tradeoffs. Oecologia. 2016; 181: 757—
768. https://doi.org/10.1007/s00442-016-3614-5 PMID: 27017605

Fernandez-Juricic E, Gall MD, Dolan T, O’'Rourke C, Thomas S, Lynch J. Visual systems and vigilance
behaviour of two ground-foraging avian prey species: white-crowned sparrows and California towhees.
Anim Behav. 2011; 81: 705-713.

Fernandez-Juricic E. Sensory basis of vigilance behavior in birds: Synthesis and future prospects.
Behav Proc. 2012; 89: 143-152. https://doi.org/10.1016/j.beproc.2011.10.006 PMID: 22101130

Krebs H, Weyers P, Macht M, Weijers H-G, Janke W. Scanning behavior of rats during eating under
stressful noise. Physiol Behav. 1997; 62: 151-154. https://doi.org/10.1016/s0031-9384(97)00026-7
PMID: 9226355

Griesser M. Nepotistic vigilance behavior in Siberian jay parents. Behav Ecol. 2003; 14: 245-250.

Fernandez-Juricic E, Beauchamp G, Treminio R, Hoover M. Making heads turn: association between
head movements during vigilance and perceived predation risk in brown-headed cowbird flocks. Anim
Behav. 2011; 82: 573-577.

Di Blanco y Hirsch BT. Determinants of vigilance behavior in the ring-tailed coati (Nasua nasua): the
importance of within-group spatial position. Behav Ecol Sociobiol. 2006; 61: 173—182.

Pangle WM, Holekamp KE. Functions of vigilance behaviour in a social carnivore, the spotted hyaena,
Crocuta crocuta. Anim Behav. 2010; 80: 257—267.

Lashley MA, Chitwood C, Biggerstaff MT, Morina DL, Moorman CE, DePerno CS. White-tailed deer vig-
ilance: The influence of social and environmental factors. PLOS ONE. 2014; 9(3): €90652. https://doi.
org/10.1371/journal.pone.0090652 PMID: 24599090

Moore H, Dudchenko P, Bruno JP, Sarter M. Toward modelling age-related changes of attentional abili-
ties in rats: Simple and choice reaction time tasks and vigilance. Neurobiol Aging. 1992; 13: 759-772.

Mettke-Hofmann2021. Morph composition matters in the Gouldian Finch (Chloebia gouldiag): Involve-
ment of red-headed birds increases vigilance. Birds. 2021; 2: 404—414. https://doi.org/10.3390/
birds2040030.

Barros M, Alencar C, de Souza Silva MA, Tomaz C. Changes in experimental conditions alter anti-pred-
ator vigilance and sequence predictability in captive marmosets. Behav Proc. 2008; 77: 351-356.
https://doi.org/10.1016/j.beproc.2007.10.001 PMID: 18006248

Mathot KJ, van den Hout PJ, Piersma T, Kempenaers B, Reale D, Dingemanse NJ. Disentangling the
roles of frequency-vs. state-dependence in generating individual differences in behavioural plasticity.
Ecol Lett. 2011; 14: 1254-1262. https://doi.org/10.1111/j.1461-0248.2011.01698.x PMID: 21978266

Aviles JM, Bednekoff PA. How do vigilance and feeding by common cranes Grus grus depend on age,
habitat, and flock size? J Avian Biol. 2007; 38: 690—697.

Couchoux C, Cresswell W. Personality constraints versus flexible antipredation behaviors: how impor-
tant is boldness in risk management of redshanks ( Tringa totanus) foraging in a natural system? Behav
Ecol. 2011; 23: 290-301.

Roche EA, Brown CR. Among-individual variation in vigilance at the nest in colonial cliff swallows. Wils
JOrn. 2013; 125: 685-695.

Cussen VA, Mench JA. Personality predicts cognitive bias in captive psittacines, Amazona amazonica.
Anim Behav. 2014; 89: 123-130.

Zidar J, Sorato E, Malmgqvist A-M, Jansson E, Rosher C, Jensen P, et al. Early experience affects adult
personality in the red junglefowl: A role for cognitive stimulation? Behav Proc. 2016; 134: 78-86.
https://doi.org/10.1016/j.beproc.2016.06.003 PMID: 27329431

Mazza V, Jacob J, Dammhahn M, Zaccaroni M, Eccard JA. Individual variation in cognitive style reflects
foraging and antipredator strategies in a small mammal. Sci R. 2019; 9: 10157 https://doi.org/10.1038/
s41598-019-46582-1.

Szopa-Comley AW, Donald WG, loannou CC. Predator personality and prey detection: inter-individual
variation in responses to cryptic and conspicuous prey. Behav Ecol Sociobiol. 2020; 74: 70 https://doi.
org/10.1007/s00265-020-02854-9.

Sih A, Del Giudice M. Linking behavioural syndromes and cognition: a behavioural ecology perspective.
Phil Trans R Soc Biol B. 2012; 367: 2762-2772. https://doi.org/10.1098/rstb.2012.0216 PMID:
22927575

Hadziahmetovic M, Koso-Drljevic N. Predicting vigilance by HEXACO model of personality. Pers Ind
Diff. 2022; 186: 111297.

Pascal J, Senar JC. Antipredator behavioural compensation of proactive personality trait in male Eur-
asian siskins. Anim Behav. 2014; 90: 297-303.

PLOS ONE | https://doi.org/10.1371/journal.pone.0279066 December 12, 2022 12/13


https://doi.org/10.1007/s00442-016-3614-5
http://www.ncbi.nlm.nih.gov/pubmed/27017605
https://doi.org/10.1016/j.beproc.2011.10.006
http://www.ncbi.nlm.nih.gov/pubmed/22101130
https://doi.org/10.1016/s0031-9384%2897%2900026-7
http://www.ncbi.nlm.nih.gov/pubmed/9226355
https://doi.org/10.1371/journal.pone.0090652
https://doi.org/10.1371/journal.pone.0090652
http://www.ncbi.nlm.nih.gov/pubmed/24599090
https://doi.org/10.3390/birds2040030
https://doi.org/10.3390/birds2040030
https://doi.org/10.1016/j.beproc.2007.10.001
http://www.ncbi.nlm.nih.gov/pubmed/18006248
https://doi.org/10.1111/j.1461-0248.2011.01698.x
http://www.ncbi.nlm.nih.gov/pubmed/21978266
https://doi.org/10.1016/j.beproc.2016.06.003
http://www.ncbi.nlm.nih.gov/pubmed/27329431
https://doi.org/10.1038/s41598-019-46582-1
https://doi.org/10.1038/s41598-019-46582-1
https://doi.org/10.1007/s00265-020-02854-9
https://doi.org/10.1007/s00265-020-02854-9
https://doi.org/10.1098/rstb.2012.0216
http://www.ncbi.nlm.nih.gov/pubmed/22927575
https://doi.org/10.1371/journal.pone.0279066

PLOS ONE

Is vigilance a personality trait?

35.

36.

37.

38.

39.

40.

41.

42,

43.

44,

45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

55.

56.

57.

58.

Koelega HS. Extraversion and Vigilance Performance: 30 years of Inconsistencies. Psych Bull. 1992;
112: 239-258. https://doi.org/10.1037/0033-2909.112.2.239 PMID: 1454894

Shaw TH, Matthews G, Warm JS, Finomore VS, Silverman L, Costa PT Jr.. Individual differences in vig-
ilance: Personality, ability and states of stress. J Res Pers. 2010; 44: 297-308.

Risko EF, Anderson NC, Lanthier S, Kingstone A. Curious eyes: Individual differences in personality
predict eye movement behavior in scene-viewing. Cogn. 2012; 122: 86-90. https://doi.org/10.1016/j.
cognition.2011.08.014 PMID: 21983424

Brush AH, Seifried H. Pigmentation and feather structure in genetic variants of the Gouldian finch, Poe-
phila gouldiae. Auk. 1968; 85: 416—430.

Dostine PL, Johnson GC, Franklin DC, Zhang Y, Hempel C. Seasonal use of savanna landscapes by
the Gouldian finch, Erythrura gouldiae, in the Yinberrie Hills area, Northern Territory. Wildl Res. 2001;
28: 445-458.

Williams LJ, King AJ, Mettke-Hofmann C. Colourful characters: Head-colour reflects personality in a
social bird, the Gouldian finch (Erythrura gouldiae). Anim Behav. 2012; 84: 159-165.

Greenberg R, Mettke-Hofmann C. Ecological aspects of neophobia and neophilia in birds. Curr Orn.
2001; 16: 119-178.

Mettke-Hofmann C, Rowe KC, Hayden TJ, Canoine V. Effects of experience and object complexity on
exploration in garden warblers (Sylvia borin). J Zool. 2006; 268: 405—413.

Mettke-Hofmann C, Winkler H, Leisler B. The significance of ecological factors for exploration and neo-
phobia in parrots. Ethology. 2002; 108:249-272.

Greggor AL, Thornton Al, Clayton NS. Neophobia is not only avoidance: improving neophobia tests by
combining cognition and ecology. Curr Opin Behav Sci. 2015; 6: http://dx.doi.org/10.1016/j.cobeha.
2015.10.007.

Mettke-Hofmann C. The effect of head colour and age on personality traits in a social setting. Ethology.
2012; 118:906-916.

ASAB. Guidelines for the treatment of animals in behavioural research and teaching. Anim Behav.
2020; 159: i—xi.

Bergvall UA, Schapers A, Kjellander P, Weiss A. Personality and foraging decisions in fallow deer,
Dama dama. Anim Behav. 2011; 81: 101-112.

Beauchamp G, Ruxton GD. Vigilance decreases with time at loafing sites in gulls (Larus spp.). Ethology.
2012; 118:733-739.

Van der Meer E, Fritz H, Pays O. Anti-predator behaviour of kudu and response to mimicked African
wild dog do age and sex. Behav. 2015; 152: 1209-1228.

Uchida K, Suzuki KK, Shimamoto T, Yanagawa H, Koizumi I. Decreased vigilance or habituation to
humans? Mechanisms on increased boldness in urban animals. Behav Ecol. 2019; 30: 1583—-1590.

Robinson B, Merrill EH. Foraging vigilance trade-offs in a partially migratory population: comparing
migrants and residents on a sympatric range. Anim Behav. 2013; 85: 849-856.

Shonfield J. The effect of familiarity on vigilance behaviour in grey squirrels. McGill Sci Undergrad Res
J.2011; 6:45-49.

Periquet S, Valeix M, Loveridge AJ, Madzikanda H, Macdonald DW, Fritz H. Individual vigilance of Afri-
can herbivores while drinking: the role of immediate predation risk and context. Anim Behav. 2010; 79:
665-671.

Severcan C, Yamac E. The effects of flock size and human presence on vigilance and feeding behavior
in the Eurasian Coot (Fulica atra L.) during breeding season. Acta Ethol. 2011; 14: 51-56.

Greenberg R. The role of neophobia in determining the degree of foraging-specialisation in some
migrant warblers. Am Nat. 1983; 122: 444-453.

Nicolai J. Steinbacher J. Prachtfinken: Australien, Ozeanien, Suedostasien. Stuttgart: Ulmer publisher;
2001.

Pryke SR, Griffith SC. Red dominates black: agonistic signalling among head morphs in the colour poly-
morphic Gouldian finch. Proc R Soc Lond B. 2006; 273: 949-957. https://doi.org/10.1098/rspb.2005.
3362 PMID: 16627280

Pryke SR. Fiery red heads: female dominance among head color morphs in the Gouldian finch. Behav
Ecol. 2007; 18:621-627.

PLOS ONE | https://doi.org/10.1371/journal.pone.0279066 December 12, 2022 13/13


https://doi.org/10.1037/0033-2909.112.2.239
http://www.ncbi.nlm.nih.gov/pubmed/1454894
https://doi.org/10.1016/j.cognition.2011.08.014
https://doi.org/10.1016/j.cognition.2011.08.014
http://www.ncbi.nlm.nih.gov/pubmed/21983424
http://dx.doi.org/10.1016/j.cobeha.2015.10.007
http://dx.doi.org/10.1016/j.cobeha.2015.10.007
https://doi.org/10.1098/rspb.2005.3362
https://doi.org/10.1098/rspb.2005.3362
http://www.ncbi.nlm.nih.gov/pubmed/16627280
https://doi.org/10.1371/journal.pone.0279066

