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Anti-predator avoidance strategies, particularly vigilance behavior, have been observed in 
numerous bird species, where individuals have heightened levels of alertness and activity in 
order to maximize their chance of survival. The time budgeted for this type of behavior is 
affected by numerous environmental and social factors. We aimed to test how specific 
environmental factors, like vegetative cover and visibility, and social factors, like flock size and 
composition, affect the time allotted for vigilance behavior in two small passerine birds, the red-
backed fairy-wren, Malurus melanocephalus, and the golden-headed cisticola, Cisticola exilis, 
that coexist in the Northern Australian tropical savanna. We compared the baseline vigilance 
behavior observed between the two species and changes in behavior that may have occurred as a 
result of a predator call playback recording. We found non-significant trends between the 
baseline vigilance behavior and any of the chosen external factors. The baseline levels of 
vigilance in both species were not significantly different, but the responses to the predator call 
were. While the fairy-wrens significantly increased their vigilance behavior in response to a 
predator call, the cisticolas did not. As seen in the baseline observations, none of the external 
factors were significantly associated with the changes in vigilance behavior in response to a 
predator call. These results supported some of our predictions, demonstrating the complexity of 
the effect of external factors on how these species budget their time towards vigilance behavior. 
Future studies should be conducted to expand on species-specific trends that were ambiguous 
from the results of our study. 
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Predation exerts strong selective forces that influence the evolution of behavior (Elgar 1988, 
McNamara & Houston 1992, Lima & Dill 1990). The magnitude and direction of these selective 
forces can be affected by external factors (Metcalfe 1984, Rodríguez et al. 2011). For example, 
in parental superb fairy-wrens, Malurus cyaneus, vigilance behavior, a type of predator 
avoidance strategy involving an active awareness of one’s surroundings, can be significantly 
influenced by both predator species and distance of the predator from the nest (Magrath & 
Bennett 2011). Habitat variability may also affect vigilance behavior: visibility due to vegetative 
composition affects the vigilance behaviors of numerous bird species (Metcalfe 1984, Rodríguez 
et al. 2011). Group size affects vigilance behavior as well. In several species of birds and 
mammals, there is an inverse relationship between the amount of vigilance behavior and group 
size (Elgar 1988). However, this relationship could be due to a variety of factors, such as food 
density, group composition, and competition among individuals (Elgar 1988). Ultimately, these 
factors affect time budgeting in prey species.  There is a trade-off between being vigilant versus 
doing other activities, like foraging, and the time allocated for each behavior must be 
strategically chosen in order to maximize one’s survival (Caraco 1979). These results prompt an 
overarching question: how do environmental and social factors affect the time allotted for anti-
predator behaviors, as compared to other behaviors?  

Several hypotheses have been proposed that might explain the effects of the environment 
on sentineling and other anti-predator behaviors. Dense vegetative cover and increased visibility 
of the surroundings are properties advantageous to the prey because they facilitate fleeing and 
hiding from danger (Metcalfe 1984, Rodríguez et al. 2011). As a result, individuals located in 
habitats of increased coverage and increased visibilities are expected to allocate less time to 
vigilance behaviors. As seen with cooperatively breeding groups, a larger group size increases 
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the likelihood of a predator being noticed by any of the flock members (Yasukawa & Cockburn 
2009). Therefore, an individual in a larger flock is expected to exhibit less vigilance behavior 
than one in a smaller flock. In multiple-species flocks, individuals should benefit from the extra 
set of eyes and alarm calls from a conspecific just as equally as a heterospecific with a similar 
pool of threats (Magrath & Bennett 2011). Therefore, an individual bird in a multiple-species 
flock is expected to exhibit the same amount of vigilance behavior as one in a single-species 
flock.   

Small passerine birds are more vulnerable to predator attack than are larger species 
(Gotmark & Post 1996). Two small passerine bird species, the red-backed fairy-wrens, Malurus 
melanocephalus, and the golden-headed cisticolas, Cisticola exilis, coexist in the Northern 
Australian tropical savanna and are subject to such predation. Ranging between 6-8 grams, both 
grass-dwelling songbirds have been observed to form flocks of variable sizes, making the extent 
to which these species interact and rely on each other for predator avoidance unclear (Murphy et 
al. 2010, personal observation). This area undergoes both a wet season of grass growth and a dry 
season in which fires of variable intensities occur (Murphy et al. 2010). It is uncertain how the 
birds respond to human effects on the habitat, such as fire regimes and an introduced invasive 
species, the gamba grass, Andropogon gayanus. Fire regimes likely influence the vigilance 
behaviors of these birds, as they affect access to hiding spots as well as arthropod abundance, 
which is an essential food source (Radford & Andersen 2012). Gamba grass in particular has 
been observed to support more intense fires than native grass species, and so its presence has led 
to an increase in large fires that have altered the habitat in an unpredictable manner (Rossiter  et 
al. 2003).  

To further enhance our understanding of time allocation and predator-avoidance 
strategies in passerine birds, we aimed to test how environmental factors, like vegetation 
structure, and social factors, such as group size and composition, are associated with vigilance 
behavior in red-backed fairy-wrens and golden-headed cisticolas. Comparing behavior trends for 
the two species should help elucidate if the trends are species-specific. Since both birds are of 
similar size and reside in similar habitats (Murphy et al. 2010, personal observation), we 
hypothesized that similar trends in behavior with respect to environmental and social factors 
would be seen in both species. In general, we predicted that the sentinel would increase its 
vigilance behavior if a predator call was heard.  We hypothesized that vigilance is affected by the 
amount of nearby cover, and therefore we predicted that both species would allocate more time 
to vigilant-like behavior with decreased visibility and coverage. With respect to social dynamics, 
we hypothesized that vigilance is affected by group size, and therefore we predicted that 
individuals in larger flocks would show less vigilance than individuals in smaller flocks. Finally, 
we hypothesized that vigilance is affected the same amount whether the flock is composed of 
heterospecifics or conspecifics, and therefore we predicted that individuals in multiple-species 
flocks would show no difference in vigilance in comparison to individuals in single-species 
flocks. Understanding the effects of environmental factors and social dynamics of the birds on 
their vigilance behavior is important for our understanding of how and why both fairy-wrens and 
cisticolas allocate their time to maximize fitness. 
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Methods 

Research site, study species, and basic methods: 

From June to August 2013, we studied red-backed fairy-wren and golden-headed cisticola 
populations at “Coomalie Farm”, which is located near the town of Batchelor in Northern 
Territory, Australia (13.0667° S, 131.0167° E). The fairy-wrens were color-banded for 
identification (as this was necessary for other concurrent studies being conducted on them), 
whereas cisticolas were not color-banded. Both bird species were common and were found in a 
variety of habitats. Cisticolas were primarily found in fields of both invasive grass species like 
gamba grass, Andropogon gayanus, and native species like wallaby grass, Austrodanthonia 
caespitosa. Fairy-wrens were seen in these grass-dominated fields, but were also found in areas 
with bamboo, Bambusa arnhemica, low grass, and fantail palms, Livistona chinensis. We 
considered a flock of birds to be individuals that interacted with each other at close proximity, < 
5 m, or communicated with each other with song and contact calls from < 100 m away. Potential 
predators of the fairy-wrens and cisticolas were common. These included silver-backed 
butcherbirds (Cracticus argenteus), pied butcherbirds (Cracticus nigrogularis), blue-winged 
kookaburras (Dacelo leachii), pheasant coucals (Centropus phasianinus), torresian crows 
(Coryus orru), and sparrowhawks (Accipiter) (pers. obs).  

 We tested the response of fairy-wrens and cisticolas to predators with a playback 
experiment. For these, we used one of two types of playbacks: a series of three pied butcherbird 
calls, as the predator recording, or three little friarbird (Philemon citreogularis, a non-predator) 
calls, as the control recording. All recordings were obtained from the Cornell Lab of 
Ornithology’s Macaulay Library. Each type of recording consisted of three calls separated by 
two seconds of no noise. We randomly selected one of eleven different pied butcherbird call 
recordings, or one of four different little friarbird recordings, on an iPod for each trial. Playback 
recordings were played from a Pignose amp until July 5th, or on an Altec Lansing iM227 Orbit 
MP3 speaker after that date. There was no noticeable effect of the speaker switch on vigilance in 
the subsequent playback trials. Speaker distance from the focal individual bird was never < 10 m 
and never > 50 m, with an average distance of 24 m. 

 We conducted all playback experiments between 7:00 and 10:00 or between 16:00 and 
18:30 hours, when the birds were most active. Once a flock was located, one person, “the 
observer”, located the current sentinel, which we defined as any bird not foraging, located in an 
area where it could survey the open surrounding area, and that looked around vigilantly. While 
the observer was watching the sentinel’s behavior, a second individual kept time with a 
stopwatch and recorded what the observer saw the sentinel doing to the closest second. Before 
playing the predator recording, we observed the sentinel’s behavior for 15 s. Next, we started the 
playback and observed the sentinel’s behavior during the playback recording and post-playback, 
totaling 30 s. Playback recordings were on average 20 s long, with an extra 10 s for post-
playback observations. For both the preliminary and playback observations, we noted, to the 
nearest second, the sentinel’s height in the vegetation (to the nearest 0.5 m) and any change in 
behavior or position. We also noted the behaviors of the sentinel and scored them in an ordinal 
manner, with a score of a 5 considered as a certain response to a predator, to a score of 0 
considered as no response (Table 1). We then summed up the scores for each behavior exhibited 
during an observational period and divided by the time the bird was in sight.   



5	  
	  

 In addition to the observational data, we recorded the general location of the birds and 
type of vegetation. For social composition, we recorded the total number of birds in each flock, 
as well as any nearby individuals of the opposite species within 100 m of the flock’s general 
location. We also noted the number and species of possible predators that were visible or audible 
within 100 m of the flock. Additionally, we recorded the initial and final (if different from the 
initial) GPS coordinates of the sentinel’s location before and after the playback experiment. 
From the final GPS coordinate, we took a 10 x 10 m vegetation survey of the area surrounding 
that coordinate. We also checked for visibility at 7.1 m away from the center in every cardinal 
direction by counting the number of visible 5 x 5 cm squares on a 50 x 50 cm checkerboard, 
totaling to 100 squares to easily estimate percent visibility. We counted the number of trees and 
snags (dead trees), the type of tree, its approximate height to the nearest meter, and its 
circumference at 1.2 m, if tall enough. For gamba and other grasses, we approximated percent 
coverage in the quadrant by height class to the nearest 0.5 m. For anything else that took up 
space in the quadrant, such as vines, bare ground, and shrubbery, we approximated percent 
coverage as well. We combined all of the individual measures of coverage (grass, vines, 
shrubbery, etc) that were at least 0.5m in height into one measure of overall coverage that we 
used as an environmental variable. We also noted the elevation and slope at the central point 
using Garmin GPS (UTM system). 

Statistical Analyses 

We used linear regression statistics to analyze the relationship between each independent 
variable (percent vegetative cover, percent visibility, flock size, single-species flocks, and 
multiple-species flocks) and the baseline vigilance score given for the pre-recording 
observational period in both species.  We analyzed the vigilance scores between the pre-
recording versus the recording/post-recording observational periods in both birds using means 
and standard error margins, and then checked for significance using a two-sample t-test. We also 
used two-sample t-tests to test the significance between the changes in vigilance scores observed 
during the little friarbird recordings (non-predator) and the pied butcherbird recordings 
(predator) both among and between the fairy-wrens and cisticolas. Mirroring the baseline 
vigilance score analysis, we used linear regression statistics to analyze the relationship between 
each independent variable and the change in vigilance score between the two observational 
periods in both species. 

 

Results 

In the baseline observations, neither species showed significant associations between any of the 
tested external factors and baseline vigilance behavior (Table 2). While there was no significant 
difference in the average vigilance score between the baseline, pre-recording observations in 
fairy-wrens and cisticolas (t=0.017, p= 0.986), there were differences observed in the playback 
trials. The average vigilance score seen in the fairy-wrens increased between the pre-recording 
observations and the recording/post-recording observations, whereas the vigilance scores in the 
cisticolas showed no significant difference between the two observations (Table 3, Figure 1). 
While the fairy-wrens showed a significantly higher change in vigilance behavior in the predator 
playbacks in comparison to non-predator playbacks, the cisticolas showed very minimal change 
between the two types of recordings.  
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In both species, there was very little change in vigilance score as the amount of coverage 
available increased, though there was a non-significant tendency among cisticolas to be slightly 
less vigilant as percent coverage increased (Table 4). Similarly, there was little change in 
vigilance behavior observed as visibility increased, although again there was a non-significant 
tendency among cisticolas to be slightly less vigilant as visibility increased (Table 4). 

Fairy-wrens and cisticolas flocked in groups ranging from pairs to as many as eight 
individuals, though we sometimes observed only one individual. In both species, there was a 
non-significant tendency for vigilance scores to increase as the flock size increased (Table 4). 
Fairy-wrens and cisticolas were observed to flock in single-species groups as well as multiple-
species groups ranging from one to five heterospecifics. In fairy-wrens, there was a non-
significant tendency for vigilance scores to decrease as flock size increased in both single-
species and multiple-species flocks (Table 4). In cisticolas, there was a non-significant tendency 
for vigilance scores to increase as flock size increased in both single-species and multiple-
species flocks (Table 4). 

 

Discussion 

 There were some significant differences in the changes in vigilance behavior between the two 
species. Surprisingly, fairy-wrens showed significant increases in vigilance behavior during the 
recording/post-recording observations whereas cisticolas did not. Additionally, fairy-wrens were 
significantly more vigilant in general during the recording/post-recording observations than 
cisticolas. These findings were surprising since it was expected that the similarities between the 
two passerine birds in terms of size and habitat location would eliminate any species-specific 
trends. One possible confounding factor could be the awareness of human presence. Fairy-wrens 
across the study site were captured and bled on multiple occasions for data collection for other 
research projects that were being conducted concurrently and in the previous dry season. 
Cisticolas were not the primary study subject for these projects and were therefore caught and 
bled much less frequently. As a result, frequent human presence and interference could have 
caused the fairy-wrens to become more skittish and subsequently allocate a larger portion of their 
time to vigilance behavior due to the fear of an additional threat in the environment. However, 
the lack of a significant difference in vigilance behavior during the pre-recording observational 
period between the two species weakens the importance of this potential explanation. Another 
possible explanation is differences in flying agility. While fairy-wrens attract mates through 
multiple sexual ornaments like plumage, beak color and tail length, cisticolas use aerial displays 
to attract mates (Karubian et al. 2009, Balmford et al. 2000). It is possible that cisticolas, as a 
result, are stronger and more agile fliers than fairy-wrens since they need to be able to produce 
effective aerial displays. Therefore, cisticolas may allocate less time to vigilance behavior due to 
their ability to effectively fly away in the presence of a threat. More broadly, such results may 
imply that pied butcherbirds are not as big of a threat to cisticolas as fairy-wrens since they 
primarily reside in thick gamba grass and other native grasses. This type of habitat may make it 
more difficult for butcherbirds to prey on cisticolas. While fairy-wrens are seen in this same 
habitat, they are also seen in more open areas with fantails, which may be better areas for 
foraging but also more prone to predation by butcherbirds.  
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There were no significant associations between any of the environmental and social 
factors we measured and changes in vigilance behavior from the baseline pre-recording 
observations and recording/post-recording observations in either species. The lack of statistical 
significance contrasted with our predictions, with the exception of the effect of flock 
composition. In concurrence with our prediction, the lack of a significant difference between 
single and multiple-species flocks in both fairy-wrens and cisticolas suggests that the two species 
consider each other as equals as members of the same cohesive flock. Previous findings have 
found significant relationships between visibility and coverage of a habitat with regards to 
vigilance behavior which was not observed in our results (Metcalfe 1984, Rodríguez et al. 2001). 
Despite the lack of a significant trend, both species tended to slightly decrease the time allotted 
towards vigilance behavior as coverage and visibility increased, as anticipated. An increased 
number of places within proximity to hide from predators allow both species to be more secure 
with their environment and expend less energy being on the constant lookout for potential 
threats. Similarly, areas where a sentinel can see what surrounds it makes it easier to spot a 
predator from afar and minimize the time allocated towards vigilance behaviors.  Previous 
studies conducted on passerine birds have found significant relationships between flock size with 
regards to vigilance behavior which was also not observed in our results (Elgar 1988, Magrath & 
Bennett 2011, McNamara & Houston 1992, Yasukawa & Cockburn 2009). Although the trend 
was not significant, both species tended to slightly increase the time allotted towards vigilance 
behavior as flock size increased, which was not anticipated. Additionally, while fairy-wrens 
tended to slightly decrease the time allotted towards vigilance behavior as flock size increased in 
single-species and multiple-species flocks, cisticolas tended to slightly increase the time allotted 
towards vigilance behavior.  These subtle trends imply that there may be differences in how 
much each species benefits from the presence of the other. Fairy-wrens may be more trusting in a 
cisticola sentinel but not vice versa. This could be due to the importance of kin selection: 
cisticolas may be more inclined to rely on predator information from a conspecific that could be 
of kin, rather than a heterospecific. Similar effects of kin selection were seen in the superb-fairy-
wren (Yasukawa & Cockburn 2009). The slight differences in trends may also indicate that fairy-
wrens benefit from the presence of cisticolas, whereas cisticolas do not. Ultimately, the 
underlying explanation for such a subtle trend is ambiguous from these results due to the small 
sample size, and should be further explored in future studies.  

Multiple other confounding factors might have affected our results. The amount of 
predator presence in different parts of our study site might have been very variable, causing the 
lack of a significant trend to be observed between any of the factors tested and changes in 
vigilance behavior. The social status of an individual within a flock might have affected both 
which individual was sentineling and how vigilant it might have been. As Elgar (1984) pointed 
out, vigilance behavior could be affected by ambient temperature as well as time of day. These 
factors influence an individual birds’ activeness which could subsequently affect vigilance 
behavior. Although most playback experiments were conducted in the morning, there were a few 
conducted in the late afternoon and later in the morning, which could potentially have had an 
effect on the results.  

While the results of our study did not completely match those of previous studies, the 
results demonstrated the complexity of the factors that affect time allocation in both of these bird 
species. Although the presence of a predator stimulus does seem to affect vigilance behavior, the 
relationship between environmental and social dynamic differences is much more ambiguous 
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than anticipated. Whether or not a sentinel adjusts its behavior to a predator stimulus could be 
due to individual differences such as social status, age, health, or other confounding variables. 
Likely these individual differences, combined with the environmental and social factors we 
tested, ultimately determine the time allotted towards vigilance behavior versus less active 
behaviors. Additionally, while it is possible that the presence of hetero-specifics is beneficial to 
both species in some way, it is also possible that only one species actually benefits from hanging 
around the other while the other does not, which could have an effect on vigilance patterns in the 
presence of heterospecifics. The underlying causes are unclear based on our results and should 
be explored in future studies. In general, future studies should attempt to expand on these factors, 
as well as an increased sample size to obtain a better representation of any species-specific trends 
that may not have been picked up on in our study.   
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Table 1 

Behaviors that were noted and observed during the pre-playback, playback, and post-playback 
observational periods, and its associated score. 

Behavior Score Score Definitions 

Preening 0 5: Almost certainly worried about predators to the point of 
fleeing and abandoning sentinel behavior. 

Allopreening 0 4: Exhibiting clear vigilance behavior (as a sentinel or not), but 
not so worried about predators as to want to flee.  

Foraging 0 3: Exhibiting some vigilance behavior; clearly alert. 

Chasing another bird 0 2: Exhibiting a low degree of vigilance behavior, but still 
attentive to possible predators. 

Being chased 0 1: Barely vigilant. 
Looking around 
slowly 1 0: No indications of vigilance. 

Singing 1  
Bobbing head 2  
Flew horizontally 2  
Looking around 
quickly 3  
Looking at speaker 3  
Rotating 180 degrees 
on perch 3  
Contact Calling  3  
Flicking tail 3  
Twitching tail 3  
Flying towards 
speaker 4  
Flying to a good 
sentineling location 4  
Hopping up 4  
Hopping horizontally 4  
Flying down 5  
Flying away 5  
Hopping down 5  
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Table 2 

The regression statistics and significance of the dependence of percent vegetative cover, 
visibility, flock size, and single-species flocks versus multiple-species flocks on the baseline 
vigilance score in RBFW and GHCI. 

Variable Adjusted R Square p-value 
% Coverage RBFW -0.030 0.754 
% Coverage GHCI -0.038 0.496 
% Vislibity RBFW -0.028 0.706 
% Visiblity GHCI -0.055 0.611 
Flock Size RBFW 0.014 0.237 
Flock Size GHCI -0.047 0.556 
Single-Species RBFW -0.041 0.556 
Multiple-Species RBFW -0.030 0.454 
Single-Species GHCI -0.102 0.795 
Multiple-Species GHCI 0.457 0.201 

 

Table 3 

Means and t-test comparative analysis between pre-recording and recording/post-recording 
vigilance scores and changes in vigilance scores between the non-predator recordings and 
predator recordings in red-backed fairy-wrens (RBFW) and golden-headed cisticolas (GHCI), as 
well as between the two species. 

Vigilance Score Comparison Variable 1 Mean Variable 2 Mean T-value p 
RBFW Pre-recording vs 
Recording/Post-recording 0.989 1.641 -2.47 0.019 
GHCI Pre-recording vs 
Recording/Post-recording 0.994 0.919 0.352 0.73 
RBFW Non-predator Change vs 
Predator Change -0.329 0.651 -3.485 0.001 
GHCI Non-predator Change vs 
Predator Change -0.071 -0.075 0.018 0.986 
RBFW Predator Change vs GHCI 
Predator Change 0.651 -0.075 -2.144 0.038 
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Table 4 

The regression statistics and significance of the dependence of percent vegetative cover, 
visibility, flock size, and single-species flocks versus multiple-species flocks on the change in 
vigilance score in RBFW and GHCI. 

Variable 
Adjusted R 

Square p-value  
% Coverage RBFW -0.018 0.502 
% Coverage GHCI -0.025 0.429 
% Visiblity RBFW -0.032 0.864 
% Visiblity GHCI 0.069 0.177 
Flock Size RBFW -0.017 0.489 
Flock Size GHCI -0.047 0.554 
Single-species RBFW -0.044 0.575 
Multiple-species RBFW -0.051 0.583 
Single-species GHCI -0.100 0.771 
Multiple-species GHCI -0.087 0.475 
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Figure 1 

Average vigilance score comparison between pre-recording observations and recording/post-
recording observations between RBFW and GHCI.  
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