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When to Return to Normal? Temporal Dynamics of Vigilance in
Four Situations
Claudia Mettke-Hofmann

School of Biological & Environmental Sciences, Liverpool John Moores University, James Parsons Building,
Byrom Street, Liverpool L3 3AF, UK; c.c.mettke-hofmann@ljmu.ac.uk

Simple Summary: Animals monitor their environment (vigilance) to detect predators and keep an
eye on conspecifics. Once a change has been detected, vigilance generally increased to collect more
information. However, little is known about the time course of vigilance to return to normal, which
can tell us how threatening animals perceive different situations. This was investigated in Gouldian
Finches by assessing the frequency of head movements in 15-min blocks across an hour in four
situations (familiar environment, two changed environments with novel objects added at different
locations and an unfamiliar environment). The time course of vigilance to return to normal differed
between situations with consistently high vigilance when a novel object was placed above the feeder
that only returned to normal at the end of the hour indicating that this situation was perceived as
threatening. In contrast, a novel object placed at a neutral location on a perch did not elicit a strong
response and vigilance mirrored the familiar situation with only a slight decline over time. Finally,
vigilance plummeted to very low levels in the unfamiliar environment and did not recover within an
hour. Birds may have looked in one direction for longer to take in all details.

Abstract: Vigilance is an important behaviour to monitor the environment from detecting predators
to tracking conspecifics. However, little is known about how vigilance changes over time either
without disturbance (vigilance decrement) or after a change occurred. The time course of vigilance
can indicate how animals perceive a situation and the potential mechanism used to deal with it. I
investigated the time course of vigilance in Gouldian Finches in four situations (familiar environment,
two changed environments–novel object at a neutral location (exploration trial) or above the feeder
(neophobia trial), novel environment). The frequency of head movements was assessed in four
consecutive 15-min blocks in same sex pairs with a high frequency generally seen as indicative of high
vigilance. Vigilance decreased over time in the familiar situation indicating vigilance decrement with
a similar time course in the exploration trial. Vigilance was consistently high in the neophobia trial
and only returned to normal in the last block. Finally, vigilance plummeted in the novel environment
and did not return to normal within an hour. Results suggest that perceived threats affected vigilance
and that information gathering reduced uncertainty allowing vigilance to return to normal levels but
with different time courses depending on the situation.

Keywords: vigilance decrement; Gouldian finch; novel environment; novel object; exploration;
neophilia; neophobia; information gathering

1. Introduction

Vigilance is the focussing of attention on the detection of subtle changes in the envi-
ronment that occur over a long period of time [1]. It is seen as an important antipredator
strategy [2] but is also used to keep track of conspecifics’ activities (e.g., [3,4]). Vigilance is
a costly behaviour as it often cannot be performed simultaneously with other behaviours
such as foraging (e.g., [5]). While numerous studies have investigated how costs of vigilance
can be reduced (e.g., group size [6,7], group composition [8]) and how this differs between
individuals due to age and sex [9–12], there is relatively little research about how vigilance is
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moderated once a change in the environment has been detected. Investigating the time course
to return to before disturbance vigilance levels helps to identify how animals perceive threats
and the potential mechanisms involved in dealing with threats over time.

Vigilance serves information gathering [13], not only to detect changes in the environ-
ment but also to monitor them [14] which over time can result in approach and exploration
(predator inspection [9]; approaching observers [7]). However, vigilance has also been
linked to fear [15], neophobia and uncertainty [16] resulting in heightened vigilance in
unfamiliar or threatening situations [7,17–21]. Sirot and Pays [13] modelled optimal vigi-
lance strategies considering perceived predation risk. After arrival in a new foraging patch,
animals should initially show high vigilance with long and frequent scans to assess the
situation. Over time, this will reduce uncertainty about any potential predators present and
animals will scan for shorter durations and less often, overall reducing vigilance. Likewise,
Carbone et al. [22] suggested that additionally to a reduction in perceived risk, increasing
resource competition may further decrease vigilance when resources get depleted. In
contrast, decreases in hunger levels (or improved body condition) can result in devoting
more time to vigilance [23].

Initial higher vigilance in a novel environment has been confirmed in mammals and
fish [19,24]. However, Sirot and Pays’ [13] model encompasses not only arrival in a new
foraging patch but generally dangerous situations. Increased vigilance after a change in the
environment (increased risk perception) has been confirmed in a range of studies (predator
detection [24]; human disturbance [18]; conspecific or heterospecific activity: [25–27]) with
higher vigilance the more threatening a situation was perceived (higher predator activity at
closer distance [17]; increased human disturbance [6,7,19]; aversive person vs. unfamiliar
person vs. friendly person next to food, or presence of dog vs. human [15]; urban vs. rural
environment [11]). However, next to nothing is known about the further time course of
vigilance once a change has occurred.

Some studies investigated the effect of repeated exposure to the same stimulus (ha-
bituation) on vigilance over longer periods with most studies finding no reduction in
vigilance over months or years in response to ecotourism [7,19,21] (but see [27]) indicating
persistent costs of higher vigilance when visitors are around. Others studied habituation in
the short-term (days) across experimental trials with some finding a reduction in vigilance
(marmosets (Callithrix penicillata) towards model predator [24]; dairy cattle (Bos taurus
dom.) towards dogs and people [15], whereas others did not find a change in vigilance
(marmosets in novel environment [24]; King Penguins (Aptenodytes patagonicus) towards
approaching observer [28]).

The only studies addressing the temporal change of vigilance within sessions pri-
marily focus on vigilance decrement in unchanging environments. Vigilance decrement
describes the decline in performance over time to detect rare events [29]. Several theories
exist to explain this decline, which can broadly be divided into changes at the processing
level or the cognitive level [30]. At the processing level, vigilance decrement can result
from sensory habituation (due to lack of changes in the environment) [31]. At the cog-
nitive level, a decline in vigilance can be linked to continuous depletion of attentional
resources [30], under-stimulation resulting in decreasing arousal and consequently decreas-
ing vigilance [32], inability to maintain cognitive control due to competition from other
tasks (goal habituation; [30]) or a change in the threshold to respond (Signal Detection
theory; [31]). Particularly research on humans has found that vigilance decreases over time
when the environment does not change with negative consequences for monotonous tasks
(e.g., [10,29,30,33]). Only recently, has vigilance decrement been investigated in animals. A
decline in vigilance in unchanging environments due to vigilance decrement reduces the
probability to detect predators [32]. Vigilance decrement has been shown in spiders in a
visual task [32,34], harbour seals (Phoca vitulina) when hauled out of water [35] and in gulls
(Larus spp.) [36] with the latter study assuming that the decrease in vigilance was linked
to an adjustment in perceived risk rather than vigilance decrement. Very little is known
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about whether age or sex affect vigilance decrement, but Sauter et al. [10] found that the
decrement is faster in older people, whereas no sex differences were found.

Here, I investigate the time course of vigilance in the Gouldian Finch (Chloebia gouldiae)
in a familiar environment without a change and in three novel situations considering age,
sex and group composition. Gouldian Finches inhabit tropical savannah grassland in North
Australia [37] and occur in three distinct head colour morphs in the same population [38].
Head colour morphs do not differ in their vigilance, but head colour morph composition
affects vigilance with mixed morph groups being more vigilant [8].

Vigilance was recorded as horizontal head movements, which reflects the area scanned [39].
A higher frequency of head movements is consistent with higher vigilance, e.g., once a predator
has been detected [40], at the periphery of a group [41] or when in a novel environment [42].
The frequency of horizontal head movements was used to investigate (a) whether vigilance
decrement occurred in the familiar situation, (b) the time course of vigilance after a change in
the environment and (c) whether the time course of vigilance differed between head colour
morphs, morph compositions, ages and sexes.

2. Materials and Methods

Twenty-two Gouldian Finches took part in the experiment consisting of 12 females (6 black-
headed, 6 red-headed) and 10 males (4 black-headed, 6 red-headed) between 1 to 8 years old.
All birds were acquired over several years from 10 different bird breeders with all birds re-
siding 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. Holding cages
(120 × 80 × 100 cm (length × depth × height)) consisted of three closed walls with a wire mesh
front and ceiling. The cages were structured with natural twigs and perches with food provided
in feeders at the front. Food consisted of a mixture of Blattner Amadine Zucht Spezial (Goul-
damadine), Blattner Astrilden Spezial and Blattner rote Mannahirse (Blattner Heimtierfutter,
Ermengerst, Germany). Blattner bird grit was provided separately, as were eggshells. Cages
contained water dispensers and a bath. The light regime was 13 h light to 11 h dark.

2.1. Experimental Procedure

Experiments were conducted in a separate room containing six cages (120 × 70 × 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. Gouldian Finches are highly social;
therefore, 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 provide 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
colour combinations and sexes were balanced within and across batches.

The following experiments were conducted: The time course of vigilance was in-
vestigated in four different situations. (1) novel environment (when released into the
experimental cage), (2) familiar environment (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 × 4.5 cm, height × width) placed at a
neutral location in the cage (over a perch but away from food and water = exploration trial;
Figure 1) or a novel object (Christmas stocking sock, 11.5 × 5.5 × 2.5 cm; Height × Width
× Depth) placed over the feeder (=neophobia trial; Figure 1). The order of presentation
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(day 6 or 7) was balanced across the objects. The two changed environments represented
different types of situations with different levels of risk. In the exploration trial, the star
at the neutral location could be ignored as it was away from vital resources causing a
lower level of risk. However, when birds approached then this reflected exploration and
information gathering [43]. In contrast, the sock over the feeder in the neophobia trial
required approach when the birds wanted to feed presenting a much higher threat. In
this situation, fear (neophobia) competes with hunger [43]. All experiments started at
10:00 am and lasted for one hour. Data were recorded with digital video cameras using the
GeoVision 1480 software (GeoVision Inc., Taipei, Taiwan) for later analysis.
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Figure 1. Novel objects in the two changed situations. (A) Star at a neutral location above a perch
(exploration trial); (B) Stocking sock above the feeder (neophobia trial).

Birds were released into the cage with video recording starting immediately to collect
data on the time course of vigilance 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, the time course of vigilance was recorded again for one hour in the now familiar
environment (situation 2). The next day, either the star was positioned over the neutral
perch (exploration trial) or the stocking sock over the feeder (neophobia trial; changed
environment one—situation 3). In the neophobia trial, 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 (changed environment two—situation 4). 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.

2.2. Data Analysis

Vigilance was measured as horizontal head movements [39] defined as any movement
of the head and extracted for each individual and situation. For analysis, the one-hour
session was divided into four periods of 15 min, each, to see whether vigilance changed as
a function of time. The frequency of head movements per minute was calculated for each
period and used for further analyses. This measure is inversely related to the duration of
looking into a particular direction [41].

All analyses were conducted with SPSS v. 26. The full data set is available in the
supplementary Table S1. For the time course of vigilance across the four different situations,
all data were analysed together (n = 22 birds tested in four situations divided into four
periods resulting in 352 data points) using General Linear Mixed Models (GLMM). The
dependent variable was the frequency of head movements per minute in each period using
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an identity link function. Situation (4 categories: novel environment, changed environment
(exploration and neophobia trial), familiar environment) and period (four 15-min blocks)
were entered as repeated measures with n = 22 in each category. A series of models were
built to test for effects of different variables and interactions. The basic model consisted
of a fixed factor (period) to test for changes in vigilance over time, an interaction term
(period × situation) to test for differences in the time course of vigilance in the different
situations and a covariate (partner head colour morph; black-headed, red-headed) to
account for effects of group composition [8]. More complex models included interaction
terms with period × situation. These were age class (3 categories: one- to two years
(n = 5), three to four years (n = 8), older than four years (n = 9)), sex, head colour morph
(black-headed, red-headed) and partner head colour morph to test whether they have an
effect on the time course of vigilance. Sequential Sidak correction accounted for multiple
comparisons. Akaike criterion was used to select the best model. As the GLMM provided
posthoc tests for the same period between situations but not for different periods within
the same situation, separate GLMM were run for each situation with the same variables as
in the main analysis. The only exception was the exploration trial where the basic model
was used due to convergent issues.

In a second step I tested whether vigilance differed between individuals that ap-
proached or did not approach the objects (exploration and neophobia trial) as approach
and closer inspection may reduce uncertainty and hence speed up the process to return
to before-disturbance vigilance levels. Exploration and neophobia trials were analysed
separately. All birds were included (n = 22 resulting in 88 data points, each) and data
were analysed with a GLMM using the same dependent vigilance variable (LG10 trans-
formed) and link function as above but with 1000 iterations to improve convergence. The
basic model consisted of two fixed factors (period and approach), an interaction term
(period × approach) and a covariate (partner head colour morph). Approach had two
categories (yes/no). In the exploration trial, approach meant that birds touched the object
(n = 9), whereas in the neophobia trial these were birds that approached the feeder in
reach or landed on the feeder (n = 8; only one bird ate next to the object). More complex
models included interaction terms of age class, sex, head colour morph and partner head
colour morph with period. Sequential Sidak correction accounted for multiple comparisons.
Akaike criterion was used to select the best model.

2.3. Ethical Note

Experiments were conducted in accordance with The Association for the Study of
Animal Behaviour (ASAB) ethical guidelines [44] and were non-invasive. Experiments
were approved by the University Ethics Committee.

3. Results

The best model for the time course of vigilance across all situations was the ba-
sic model plus the interaction terms between age class × period × situation, sex ×
period × situation, head colour morph × period × situation and partner head colour
morph × period × situation (Table S2a). The main factor period was significant (Table 1)
showing a decrease in vigilance over time. However, this varied between situations as
the interaction term period × situation was significant (Table 1; Figure 2). Within the
first 15 min vigilance was the same across all situations (familiar vs. novel t = −1.049,
p = 0.295; familiar vs. changed (star at neutral location t = −0.674, p = 0.501) except for
the changed situation with the novel object above the feeder, which showed a trend to be
higher than the familiar situation (t = 1.766, p = 0.079). Vigilance in the familiar situation
gradually decreased in periods 2 and 3 and then increased in period 4 to levels of the first
period (GLMM for familiar situation: period 1 vs. 4 t = −0.927, p = 0.357). Vigilance in
period 2 was significantly lower than in period 4 (t = −2.331, p = 0.023) with the same
trend in period 3 (period 3 vs. 4 t = −1.721, p = 0.090). In contrast, vigilance in the novel
situation plummeted to very low levels in period 2 and remained significantly lower than
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in the familiar situation throughout the rest of the experiment (familiar vs. novel environ-
ment, period 2: t = −2.722, p = 0.007, period 3: t = −2.702, p = 0.007, period 4: t = −4.962,
p < 0.001). Period 1 showed a trend to be significantly higher than period 4 (GLMM for
novel situation: t = 1.711, p = 0.092) with no differences between the remaining periods
(period 2 vs. 4 t = 0.755, p = 0.453, period 3 vs. 4 t = −0.272, p = 0.786). Vigilance in the
changed situation with the novel object above the feeder remained significantly higher
throughout periods 2 and 3 as compared to the familiar situation and only decreased in
period 4 (familiar situation vs. novel object above food, period 2: t = 4.072, p < 0.001, period
3: t = 2.775, p = 0.006, period 4: t = −1.023, p = 0.307). Period 1 to 3 were significantly higher
than period 4 (GLMM for neophobia trial: period 1 vs. 4 t = 2.265, p = 0.027, period 2 vs.
4 t = 3.402, p < 0.001, period 3 vs. 4 t = 2.554, p = 0.013). Finally, vigilance in the changed
situation with the star at the neutral location followed the same time course as vigilance
in the familiar situation showing a gradual decline from period 1 to 3 (familiar situation
vs. novel object at neutral location, period 2: t = −0.674, p = 0.501, period 3: t = 0.531,
p = 0.596) and remained at this level in period 4 (t = −1.339, p = 0.185). Period 1 was
significantly higher than period 4 with no differences between the remaining periods
(GLMM for exploration trial: period 1 vs. 4 t = 2.699, p = 0.008, period 2 vs. 4 t = 0.926,
p = 0.357, period 3 vs. 4 t = −1.456, p = 0.149).

Table 1. General Linear Mixed Model outcome of best model for the time course of vigilance over
four fixed 15-min periods in four situations.

Variables F Df1 Df2 p

Corrected model 10.182 95 256 <0.001
Period 14.066 3 256 <0.001

Period × situation 41.122 12 256 <0.001
Age class × period × situation 1.364 32 256 0.100

Sex × period × situation 2.090 16 256 0.009
Colour morph × period × situation 1.128 16 256 0.329

Partner colour morph × period × situation 0.790 16 256 0.696
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Figure 2. Time course of vigilance across four situations. Mean and standard errors of frequency
of head movements are shown across 15-min blocks in the familiar situation (black line), in the
changed situations with the novel object at a neutral location (exploration trial; green line) and with
the novel object above the feeder (neophobia trial; yellow line) and in a novel environment (red line).
Significance levels are in relation to the familiar situation.
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Finally, the interaction between sex × situation × period was significant (Table 1;
Figure 3). In the familiar situation, males made fewer head movements than females in
period 1 (t = −2.219, p = 0.027), 2 (t = −1.977, p = 0.049) and 3 (t = −2.695, p = 0.008) but not
in period 4 (t = 1.179, p = 0.239). Males also made fewer head movements in period 3 in
the changed situation with the star at a neutral location (t = −1.976, p = 0.049), whereas in
the changed situation with the object above the feeder males tended to make more head
movements than females in period 1 (t = 1.881, p = 0.061). Sexes did not differ in any of
the other situations and periods (all p > 0.11). The random effect for individuals was not
significant (z = 0.488, p = 0.626).
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Figure 3. Time course of vigilance for males and females in four situations. Mean and standard errors
of frequency of head movements are shown across 15-min blocks for males (blue) and females (orange)
in (A) the familiar situation, (B) the changed situation with the novel object at a neutral location
(exploration trial), (C) the changed situation with the novel object above the feeder (neophobia trial)
and (D) the novel environment.

Vigilance was further compared in the exploration trial with the star at a neutral location
considering birds that approached the change and those that did not. For the three best
models, the Hessian matrix was not positive definite, although all convergence criteria were
fulfilled. Results should therefore be treated with caution. The best model was the basic model
with the interaction term age class × period (Table S2b). The main factor time period was
significant (Table 2) with vigilance following the same time course as described above. There
was a trend for birds that touched the object to show more head movements than birds that
did not touch the object (Table 2; Figure 4). No other factors and interactions were significant
(Table 2). The random effect individual was significant (z = 869.453, p < 0.001).

In the neophobia trial with the novel object above the feeder, vigilance was compared
between those birds approaching the feeder and those who did not approach. Two equally
best models came out (Table S2c); the basic model was the highest fit with the basic model
plus the interaction term sex × period the second-best model, which was less than two AIC
worse than the best model. The best model did not produce any significant outcomes (Table 3).
However, in the second-best model the interaction term period × approach was significant
(Table 3; Figure 5) with birds approaching the feeder making fewer head movements in
period 1 than birds that did not approach (t = 2.341, p = 0.022), whereas no differences were
found in any of the other periods (all p > 0.10). Furthermore, sex × period was significant
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(Table 3). Males made significantly more head movements in period 1 (t = 4.421, p < 0.001) but
significantly fewer head movements in period 2 as compared to females (t = −2.169, p = 0.033).
The random effect individual was significant (z = 2.329, p = 0.020).

Table 2. General Linear Mixed Model outcome of best model for the time course of vigilance over
four fixed 15-min periods in the exploration trial comparing birds that touched the object and those
that did not.

Variables F Df1 Df2 p

Corrected model 1.897 15 70 0.038
Period 5.847 3 70 0.001

Approach 3.311 1 70 0.073
Period × approach 0.044 3 70 0.988
Age class × period 1.397 8 70 0.213
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Table 3. General Linear Mixed Model outcome of the two best models for the time course of vigilance
over four fixed 15-min periods in the neophobia trial comparing birds that approached the feeder in
reach or landed on it and those that did not. The best and the second-best model were less than two
AIC different from each other.

Best Model

Variables F Df1 Df2 p

Corrected model 1.161 6 81 0.336
Period 1.325 3 81 0.272

Approach 0.072 1 81 0.789
Period × approach 0.873 2 81 0.422

Second best model
Corrected model 4.211 10 77 <0.001

Period 1.642 3 77 0.187
Approach 0.494 1 77 0.484

Period × approach 4.087 2 77 0.021
Sex × period 9.213 4 77 <0.001
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4. Discussion

The time course of vigilance was investigated in four situations. Vigilance decreased
over time, but the time course was situation specific. In the familiar situation and the
changed situation with the star at a neutral location vigilance gradually decreased, whereas
with the novel object above the feeder vigilance was consistently high only to decrease at
the end. In contrast, in the novel environment vigilance plummeted to very low levels and
only slightly recovered over time but never reached normal levels. Moreover, females were
more vigilant than males in the familiar situation with sex differences disappearing the
more threatening a situation became. Finally, individuals that explored and touched the
star at the neutral position tended to be more vigilant than individuals that did not touch
the star. In contrast, birds that approached the feeder with the novel object had initially
lower vigilance than birds that did not approach the feeder.

Gouldian Finches showed a decrease in vigilance over time taking all situations
together. While this result may be primarily driven by the strong decline in head movements
in the novel environment, vigilance decreased to some extent in all situations. Vigilance
decrement is generally observed in an unchanging environment due to lack of stimulation
or decrease in arousal [31,34] and negatively affects the ability of an animal to detect a
threat [32]. This was in part observed in the familiar situation with a gradual decline
in head movements over time (periods 1–3) but a relapse to vigilance levels in the last
period. Alternatively, these changes may reflect adjustment to perceived predation risk [13],
although this is an unlikely explanation here as the birds were already several days in
this environment and should have adjusted their vigilance to the perceived predation
risk. However, the perceived risk may have been slightly increased at the start of the
experiment due to the experimenter being in front of the cage when starting the camera,
with a subsequent decrease in perceived risk as time passed by leading to an adjustment
in vigilance. Whether the decline in vigilance is down to perceived risk adjustment or
vigilance decrement needs further investigation. It is currently unclear why vigilance
increased in the last period. Potential explanations could be linked to the circadian rhythm
with birds becoming active again after a calmer period or systematic disturbance form
outside (e.g., noise, which is unlikely as the animal facility is usually very quiet and a
consistent disturbance at a particular time is needed to explain this result).

A similar time course was seen with the star positioned at a neutral location indicating
that the novel object was not perceived as threatening and once introduced was not moni-
tored more or for longer than any other object already present. This is consistent with [45],
who found that scan frequency and duration did not change in marmosets (Callithrix penicil-
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lata) when a bear toy was introduced. Similarly, novelty of pictures did not affect vigilance
decrement in humans [30]. However, there was a trend that vigilance differed between
Gouldian Finches that approached and touched the novel object and those that did not
with explorative individuals overall showing more head movements than less explorative
individuals. This can be linked to personality. For example, higher vigilance has also been
found in bold (more explorative, aggressive and dominant) Eurasian Siskins (Carduelis
spinus) off-setting their risk-prone behaviour [46]. Likewise, a higher frequency in eye
movements has been observed in humans with high perceptual curiosity, indicating that
personality affects how a scene is assessed [47]. The higher frequency of head movements
in explorative Gouldian Finches suggests that exploration does incur a cost. Individuals
were not only monitoring the environment but were collecting information about the star,
which resulted in overall more head movements. Exploration is generally seen as costly as
it requires time and energy and deviates attention from the environment [43,48] but this
is rarely investigated. Like in the siskin study [46], it seems that explorative individuals
off-set the lack of attention by being more vigilant.

While the star at a neutral location only slightly affected vigilance and only those
individuals that engaged with the object, the novel object above the feeder had a strong
effect on vigilance in all birds. Vigilance overall was much higher than in any other situation
and only returned to comparable levels in the familiar situation in the last period. This
indicates that the object at this position was perceived as threatening, possibly due to
uncertainty whether it is safe to approach the feeder or not [16]. An increase in vigilance
in threatening situations has been found in many studies [11,15,17,19–21,49,50]. Likewise,
a range of studies report that vigilance does not decrease with repeated presentation of
a threat [7,28,51] and that constant attention is paid to high threats [52]. Interestingly, in
studies investigating vigilance in relation to flight initiation distance (FID) there seems to
be a dissociation between vigilance and responses to perceived threats. Here, vigilance
is measured as the distance when a threat is detected (alert distance), whereas the actual
FID is taken as a reflection of the perceived risk [21]. While vigilance (alert distance)
varied with the perceived threat (higher vigilance in more disturbed areas) in marmots
(Marmota flaviventer), it did not change over a 15-year period of ecotourism, whereas FID
was lower in more disturbed areas and decreased over time indicating habituation to the
threat [21]. Similar dissociations have been found in red squirrels (Sciurus vulgaris) [53],
fox squirrels (S. niger) [20] and reindeer (Rangifer tarandus) [54]. Vigilance serves to allow
detection of a range of threats, which requires consistent vigilance, whereas FID can be
context-specific depending on the perceived threat. Samia et al. [55] found that costs
of fleeing had the largest effect on escape decisions and questioned whereas selection
on adjusting vigilance with perceived risk should be expected [56]. This challenges the
model by Sirot and Pays [13], which would assume that vigilance decreases with repeated
exposure. Interestingly vigilance was initially highest in the individuals that did not
approach the feeder throughout the experiment indicating that those birds found the novel
object more threatening than birds that later approached the feeder. This is in line with
the concept of a risk-reward trade-off predicting that bold individuals are less vigilant and
forgo safety for risk ([57–59] but see [46]). Nonetheless, all individuals seemed to have
gathered information about the object over time [13,60], either directly though approaching
the feeder or indirectly through observing others approaching. This reduced uncertainty
and the level of thread perceived eventually leading to a reduction in vigilance.

Vigilance in the novel environment contrasted strongly with the response to a threat
in the familiar environment as vigilance fell to a very low level after the first 15 min and
stayed there throughout the experiment with only a slight recovery at the end. It seems
the birds initially oriented themselves in and scanned the environment for any threats [39]
with a frequency of head movements matching the one in the familiar environment. They
then settled down and moved very little, a behaviour often observed in the wild when
they arrive, e.g., at a waterhole to camouflage with the environment. In hamsters (Cricetus
cricetus), females reduce vigilance under threat and freeze to preserve energy [12]. The
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reduced frequency of head movements in the Gouldian Finches suggests that they switched
to a tracking strategy whereby they looked in a given direction for longer assessing this
part of the environment in detail [8,39]. While vigilance slightly increased over time it
consistently stayed way below their usual vigilance level indicating that the hour was not
enough for vigilance to return to normal.

Finally, males made fewer head movements than females throughout most of the
familiar situation (period 1–3) and in period 3 with the star at the neutral location, whereas
there was a trend for males to be more vigilant in period 1 with the object above the
feeder. Differences in vigilance between sexes are varied ranging from females being more
vigilant [4,11,61] like in this study to no sex differences [10,19,62] to females being less
vigilant [12]. Potentially, females were more vigilant as they could hear males showing
heightened social vigilance [3,4]. Generally, sex differences seem to decrease with increasing
threat (familiar > object at neutral location > object above feeder > novel environment).
This could indicate that attention is diverted from social vigilance to the environment
eliminating any sex differences.

5. Conclusions

In conclusion, the time course of vigilance is situation specific and likely reflects the
perceived threat. Vigilance was highest and slow to return to normal when a change
occurred close to a resource (object above feeder), little affected by changes away from
important resources (object at neutral location) with some decrease over time and plum-
meted to very low levels without recovery in the novel environment representative of a
tracking strategy. Moreover, females were more vigilant than males, but sex differences
disappeared the more threatening the situation became. Vigilance seemed to differ between
birds that engaged in exploration and those that did not indicating that explorative indi-
viduals increased vigilance. Future research may investigate whether vigilance linearly
changes over time due to continuous accumulation of information or whether it changes
more in increments as a function of behavioural actions, e.g., approaching a novel object.
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