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 Flocking behavior is common in birds, with many species joining mixed-species flocks. 
A common solution to the problem of maximizing feeding and predator avoidance in such flocks 
is to post sentinels, whose behavior can be affected by a host of social and environmental factors. 
We studied two small flocking passerines (the red-backed fairy-wren, Malurus melanocephalus, 
and the golden-headed cisticola, Cisticola exilis) of the Australian tropical savanna to determine 
what factors were associated with variation in their vigilance levels, whether they changed their 
vigilance after a predator stimulus, and what factors might be associated with any changes. We 
took observations of baseline levels of vigilance before playing a predator call to flocks of the 
focal species and observing their subsequent behavior. We also measured a number of social 
variables and factors associated with habitat structure. We found that baseline levels of vigilance 
in either species were not significantly associated with any factor. The species also reacted 
differently to the predator call, with a significant increase in vigilance in fairy-wrens but not in 
cisticolas. The increase in fairy-wren vigilance was significantly correlated with the amount of 
shrubby cover present, with near-significant correlations with several other factors. These results 
provide partial support for our hypotheses, and show that factors which may not be important in 
determining baseline vigilance levels may become important when predators are in the vicinity. 
In addition, species in a mixed-species flock may differ substantially in vigilance under the same 
conditions. 
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Introduction  
 
 Many species of birds form flocks in the non-breeding season, sometimes with 
individuals of multiple different species (Sridhar et al 2009, Dolby and Grubb 2000). There are 
several benefits to flocking, including forming social relationships with conspecifics, increasing 
foraging success by obtaining information from flock members about the location or quality of 
food sources, and avoiding predation (Inman and Krebs 1987). Predator avoidance, one of the 
better-studied benefits, can occur via several different mechanisms including more active ones 
such as vigilance by flock members and more passive mechanisms inherent in the nature of 
flocks such as the dilution effect, in which the likelihood of any particular individual being 
preyed upon decreases as flock size increases (Inman and Krebs 1987, Sridhar et al. 2009). Many 
of these benefits apply even when flocking with heterospecifics, such as the avoidance of 
predators through attentiveness to the alarm calls or movements of flock members (Huang et al. 
2011, Dolby and Grubb 2000). In fact, in many mixed-species flocks various satellite species 
join one or two core species which tend to be more vigilant, give better alarm calls, or forage 
more efficiently in order to exploit those traits for their own benefit (Dolby and Grubb, 2000).  
 Since prey species must budget their time and energy toward many activities including 
predator avoidance, foraging, and other behaviors such as thermoregulation, and resources 
allocated to one means lower capacity for the others, it is important to engage in strategies 
maximizing energy for each (Villen-Perez et al, 2013). In some group-living species, all 
individuals display low levels of vigilant behavior, often increasing vigilance at intervals or in 
response to the behavior displayed by their neighbors (Pays et al. 2007). Other species (e.g. Anas 
clypeata) are able to engage in both vigilance and foraging because of their mode of feeding and 
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details of their morphology (Guillemain et al. 2002). However, there is generally a tradeoff 
between vigilance and foraging, and many flocking species designate a few individuals as 
sentinels while the remainder feed (Wright et al. 2001).  
 The number and behavior of sentinels may be influenced by various non-mutually 
exclusive and interacting social and environmental factors, including the heterogeneity of the 
habitat, the presence of other species in the flock, and flock size (Beauchamp 2010). For 
instance, vigilance in multiple shorebird species is correlated not only with flock size but also the 
quality of habitat for foraging and the probability of predator attacks (Fuller et al. 2013, 
Whitfield 2003). Sentinel behavior can also be affected by “altruistic” motives when kin are 
included in the flock (Ridley et al. 2013). In addition, perceived predation risk affects sentinel 
behavior as well as the use of the habitat by foraging flock members. For example, in many 
small passerines the favored response to predators is fly to protective cover, resulting in 
predation risk driving microhabitat selection (Villen-Perez et al. 2013).   
 The tropical savannas of northern Australia undergo a wet and dry season, with most 
species breeding in the wet season and many forming larger flocks in the dry season. Two such 
species are the red-backed fairy-wren (Malurus melanocephalus) and golden-headed cisticola 
(Cisticola exilis). Both are small passerines which dwell in grasses and shrubs and flock with 
each other as well as with several other small passerines (Vanderduys et al. 2012, Tito pers. 
obs.). They frequent various microhabitats including patches of tall, invasive gamba grass 
(Andropogon gayanus), shorter native grasses of various heights, and areas dominated by low 
saplings, fantail palms, and cycads (Rowley and Russell 1997, Tito pers. obs.). Thus, several of 
the social and environmental factors which are associated with differential vigilance levels in 
other species apply to these two species as well. In addition, there is evidence that the fairy-
wrens are negatively affected by fires, perhaps due either to a higher predation risk in recently 
burned areas or less abundant food resources (Murphy et al. 2010, Rose 2013). Fire regimes in 
this part of Australia are an important aspect of the dry season and affect all trophic levels, 
including low vegetation used as cover by wrens, arthropods which the wrens feed on, and the 
abundance of predators (Russell-Smith et al. 2003; Radford and Andersen 2012). Hence, fire 
may fundamentally alter habitat availability, food abundance, and perceived predation risk for 
these small birds and influence their flocking and sentinel behaviors. 
 Here, we sought to address the question of whether variation in baseline levels of 
vigilance and sentinel behavior for both fairy-wrens and cisticolas is associated with various 
social or environmental factors, particularly those factors heavily influenced by the fire regime. 
In addition, we investigated whether there was any change in vigilance behavior in either species 
upon hearing a predator call, and, if a change was present, whether variation in it was associated 
with any of the same set of factors. 
 Our predictions were that differences in the baseline amount of vigilance shown by 
sentinels would be correlated with differences in both the social and environmental factors. 
Specifically, they would be less vigilant in larger flocks (due to the dilution effect reducing their 
risk of death) or in ones with more heterospecifics (due to possible exploitation of the vigilance 
of the other species and the greater proportion of non-kin in such flocks) and would show greater 
vigilance in areas with scantier low vegetation (often indicative of a recently burned area) 
because of the lack of cover to flee into. In addition, we predicted that upon hearing the call of a 
predator the sentinels would increase vigilance, with this increase being correlated with the 
various factors in the same manner as for the baseline levels. 
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Methods 
 
Study area and data collection 
 
 We studied a population of unbanded golden-headed cisticolas as well as color-banded 
red-backed fairy-wrens at Coomalie Farm, Northern Territory, Australia. Both these species 
aggregate into flocks in the dry season and often flock with each other as well as with other 
species such as the northern fantail (Rhipidura rufiventris) (Tito pers. obs.). They feed in dense, 
often tall grasses, with fairy-wrens also frequenting areas with small shrubs and fantail palms. 
Flocks generally have at least one sentinel, who usually perches high on a fantail or grass stem 
with head up and often flicks his or her tail or calls. The identity of the sentinel is usually 
constant. Other individuals besides the sentinel may occasionally display “vigilant” behavior like 
the sentinel. The wren flocks tend to remain in the same general patch of savanna, although 
occasionally individuals will move from flock to flock. Because the cisticolas are unbanded, 
their movements are unknown. We collected data from 23 June to 31 July, 2013, and our sample 
size was 18 groups of fairy-wrens (with a repeated trial on 14 of those) and 15 groups of 
cisticolas.  
 We took baseline observations for 15 seconds of the behavior of sentinels in flocks of the 
focal species, then followed these when possible with a playback of either a predator call or a 
control call of a non-predator (to ensure that any response was not merely due to a reaction to the 
sound of the speaker). During and after the playback, we again collected observational data, this 
time for 30 seconds. The observed behaviors are listed in Table 1. In addition, we measured the 
following social factors: flock size, number of members of the other focal species moving with 
the flock, and number and species of avian predators within hearing distance of the flock 
(predators are listed in Table 2), and the following basic information about the flocks: the color 
bands of any fairy-wrens, the plumage type (dull, intermediate, or bright) of any fairy-wrens, the 
GPS coordinates (UTM system) of the flock, and the distance the speaker was from the flock.  
 The playbacks consisted of a short track consisting of three calls separated by pauses of a 
pied butcherbird (the predator) or a little friarbird (Philemon citreogularis) (the control) 
randomly chosen from an iPod playlist. We obtained all recordings from the Cornell Lab of 
Ornithology’s Macaulay Library, and they were amplified with either a Pignose amp or Altec 
Lansing iM227 Orbit MP3 speaker (we switched speakers midway through because the first 
speaker had broken) set at a constant amplitude and aimed toward the flock. There was no 
noticeable difference in the amplitude or quality of sound from the different speakers. We 
performed the playbacks in the morning between 0700 and 1000, with a few being collected in 
the late afternoon from 1600 to 1800. 
 After the playbacks and observational periods had concluded, we performed a vegetation 
plot survey in order to gather data on environmental factors. The plot was centered on the point 
where the sentinel had been located at the start of the playback and took the form of four 
quadrants laid out by 7-m-long strings oriented to the cardinal compass directions. Within each 
quadrant, we estimated the percentage (to the nearest 5%) of ground covered by each vegetation 
class. Vegetation classes were height classes of native grass and invasive gamba grass (in 0.5 m 
increments), as well as shrubs (any small plant that was neither a sapling nor grass), bare ground, 
rock, bamboo, vines, and logpiles (any heap of fallen logs big or tall enough that a person would 
have to step over or around it). We also counted the number of cycads and fantail palms because 
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wrens are known to use them. Finally, we estimated visibility near the ground by holding a 
checkerboard with 100 squares up at 1.2m in the center of the plot and having a kneeling partner 
at the edge of the survey plot count how many squares were visible.  
 
Data analysis 
 
 We examined what social and environmental factors correlated with baseline vigilance 
levels by first creating a vigilance score from the data. This involved ranking the observed 
behaviors in tiers, with the highest tier being a considerable response to a predator (e.g. flying 
away) and the lowest being no response whatsoever (see Table 1). To calculate a score for a 
particular observation, we then added up the rankings for each activity a bird performed during 
that observation and divided this sum by the number of seconds the bird was in sight. We then 
performed a multiple regression to determine if there was any correlation between the baseline 
vigilance scores and the various social and environmental factors (flock size, number of nearby 
predators, number of nearby members of the other focal species, number of fantails and cycads 
in the area, percentage of cover by native and gamba grass of heights of 1-2m and over 2m, 
percentage of cover by vines, shrubs, bamboo, and logpiles over 1m, and average visibility). To 
conform some of our variables to a more normal distribution, we performed a log transformation 
on them. We employed paired t-tests to investigate whether there was any change in vigilance 
levels for either species after they received the predator stimulus. We again used multiple 
regressions to determine what social and environmental factors might be associated with any 
changes in vigilance, plotting the differences between the pre- and post-playback vigilance 
scores (post-playback minus pre-playback) against the same set of factors as before. Finally, we 
used a t-test to compare post-playback scores from the predator and non-predator (control) 
treatments.  
 
Results 
 
 The results of our multiple regression showed that baseline levels of vigilance for either 
species are not significantly explained by a model incorporating all the social and environmental 
factors we investigated (for fairy-wrens: F9,22 = 0.266, p= 0.978, r2= 0.098; for cisticolas: F9,5 = 
0.354, p= 0.916, r2= 0.390). However, there was a fairly substantial trend toward decreased 
baseline vigilance by fairy-wrens with increasing numbers of cisticolas present (see Table 3). In 
addition, baseline levels did not differ between the two species (see Table 4).  
 We found that upon receiving a predator stimulus, fairy-wrens and cisticolas exhibited 
different responses. The results of our paired t-test showed that fairy-wrens had a significant 
increase in vigilance scores (t=-2.64, df=15, p=.013), while the stimulus did not elicit any 
response from the cisticolas (t=.322, df= 6.5, p=.752)(see Table 4 and Figure 1). 
 The multiple regression model comparing all factors studied and post-playback vigilance 
scores explained much more of the variation in scores than the baseline model, but still not to a 
significant degree (F9,22 = 1.942, p= 0.098, r2= 0.443). Post-predator-stimulus vigilance levels in 
fairy-wrens are significantly correlated with the percentage of shrubs and similar cover in the 
landscape (p=0.043), and there are substantial trends toward a smaller change in vigilance with 
increased numbers of cisticolas present, increased numbers of cycads and fantails present, and 
greater amounts of 1-2m native grasses (see Table 3). In addition, there are also fairly substantial 
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trends toward a greater change in vigilance when more 1-2m gamba grass is present and when 
visibility increases (see Table 3).  
 Our t-test comparing control and predator treatment groups showed a significant 
difference between the fairy-wren post-playback (30-sec) vigilance scores for the two groups, as 
well as an almost-significant difference between the differences in vigilance pre-and post-
playback for the two treatment groups. No difference was found for the cisticolas, probably 
because the predator stimulus itself did not elicit any response in the cisticolas (see Table 4). 
 
Discussion 
 
 Our results indicate that the responses of fairy-wrens and cisticolas to the same predator 
call differ drastically, despite the two species flocking together and sharing similar habitat 
requirements. While fairy-wrens showed a noticeable increase in vigilance, cisticolas did not, 
possibly because of details of habitat choice. Cisticolas are almost always found in areas of dense 
grass, while fairy-wrens often inhabit more open areas with scattered low plants. This difference 
might lead to selection on fairy-wrens to be warier. The difference between the species could be 
due to other factors as well. For instance, the fairy-wrens at our site are caught and bled 
occasionally (unlike the cisticolas) and may thus have an abnormal response to all predators. 
Another possibility is that predation on cisticolas by butcherbirds is rare due to the difficulty 
such a large bird would have moving through the dense grass cisticolas inhabit. In addition, 
cisticolas use aerial displays during the breeding season and may therefore be sufficiently strong 
fliers to evade predators, while fairy-wrens are not. Cisticolas thus may not respond to a 
butcherbird call. Butcherbirds are known predators of fairy-wrens at our study site, however. In 
terms of small-scale implications, the difference between the two species may imply that 
predator avoidance is not the primary reason why these two species flock together, even 
assuming they do obtain some benefit from each others' alarm calls. The difference also has 
broad implications for understanding vigilance, since it implies that two fairly similar species 
cannot be assumed to have similar vigilance patterns and that fine details of habitat and biology 
must be considered in understanding vigilance.  
 In addition, we found that contrary to our predictions, the baseline vigilance behavior of 
neither species was associated with any of our social and environmental factors, with the one 
exception of fairy-wren vigilance being correlated with the number of cisticolas present. This is 
rather surprising since in many other species, some of the same factors are correlated with 
differences in vigilance. For instance, increases in flock size are associated with decreased 
vigilance in many species ranging from shorebirds to passerines (Fuller et al. 2013, Xu et al. 
2013, Harkin et al. 2000, Elgar et al. 1984). However, our flock sizes were generally quite small, 
so we may not have had sufficient variation to see any relationship. Our flocks were almost all 
three or less, while other studies had flocks ranging up to 13 or 25 individuals (Xu et al. 2013, 
Elgar et al. 1984). The lack of response may also be due to the perceived threat of predation at 
our site perhaps being low enough that vigilance levels remain minimal regardless of a flock's 
surroundings. Baseline vigilance and the determination of which bird will become the sentinel 
may instead have more to do with issues of social standing, plumage state, or general condition 
than with the factors we investigated. The latter position, if correct, would connect sentinel 
behavior directly with the dominance hierarchies, pair-formation, and social interactions which 
are likely occurring in dry season fairy-wren flocks. Future studies could focus on the social 
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status of sentinels, as well as testing whether flock size becomes more important later in the dry 
season when fairy-wren flocks are larger.  
 The results for the post-playback observations lend stronger support to our predictions, 
since a number of factors showed significant or near-significant associations with vigilance. 
However, the trends did not always go as anticipated. For instance, the trend toward greater 
differences in fairy-wren vigilance with increasing numbers of cisticolas present is in distinct 
contrast to the baseline trend toward decreased vigilance with more cisticolas present. A possible 
explanation is that the predation risk and response in the two species differ enough that while 
fairy-wrens are content to use cisticola sentinels until predators have been located, when a 
predator is known to be present they want information from their own species and in many cases 
their own kin. This possible involvement of kin selection in the behavior of sentinels is known to 
occur in other species, for instance in the superb fairy-wren (Malurus cyaneus) (Yasukawa and 
Cockburn 2009). Such a trend may have implications for the many species which join mixed-
species flocks, where the use of heterospecific sentinels in such flocks could represent a decrease 
in survival likelihood which must be balanced against an increase in the time available for 
feeding. Barring simply flocking with conspecifics, the best choice would be to join a flock with 
sentinel species whose predation risk is like one's own so that their signals are likely to both be 
useful and encompass all possible threats (Dolby and Grubb 2000).  
 Most of the environmental factors show predictable trends, with vegetation used as cover 
by the fairy-wrens being correlated with lower increases in vigilance. The sensitivity of such 
vegetation to fire supports the idea that at least to some extent the dislike fairy-wrens show for 
recently burned areas is due to the greater predation risk in those areas. The trend shown by the 
1-2m gamba grass is more surprising, being the opposite trend from the native grass. This may 
be explained by the relative newness of gamba to the ecosystem, with fairy-wrens not yet having 
acclimated to it. For instance, it may be marginally more difficult for fairy-wrens to flee through 
gamba, due to its thick tussock growth pattern, and this would cause them to be warier in it when 
predators are known to be present. As gamba is an invasive species, this may have important 
implications for understanding how other animals interact with invasives. A species might 
frequently use an invasive in ordinary circumstances, presenting the appearance of being at ease 
with it, but in high-stress situations like a drought or predator attack the pattern of use may 
change and the invasive may be seen to have a negative effect on fitness. Thus, management 
plans for invasives should take into account all conditions before declaring that they are not 
harming a given native species. 
 Our results show that ecologically similar species which flock together can exhibit 
markedly different vigilance strategies in response to predator calls, and that within one species, 
social and environmental factors that are of little importance in determining baseline vigilance 
levels may become highly important when predators are present. On a broader scale, this 
suggests that results of studies which focus simply on vigilance under one set of conditions or at 
one level of predation risk are not always generalizable to all conditions that species experiences. 
In addition, vigilance is probably in some situations largely determined by individual condition 
and status as opposed to external social and environmental factors. Our findings potentially have 
broad implications for several areas related to vigilance behavior, especially our understanding 
of the costs and benefits of using heterospecific sentinels and how the presence of invasives is 
related to vigilance.   
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Table 1: How behaviors exhibited by sentinels were scored 
Behavior Ranking 
Flew down 5 
Flew away 5 
Flew to a good sentineling location 4 
Flew toward speaker 4 
Flew laterally 2 
Hopped down 5 
Hopped up 4 
Hopped horizontally 4 
Rotated 180 degrees on perch 3 
Looked around quickly 3 
Looked at speaker 3 
Looked around slowly 1 
Bobbed head 2 
Flicked or twitched tail 3 
Called 3 
Sang 1 
Chased a conspecific or was chased 0 
Foraged 0 
Preened or allopreened 0 

 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Ranking Description 
5 Exhibiting a very high alertness to danger, to the point of fleeing  
4 Highly alert and vigilant 
3 Clearly alert and displaying typical sentinel behavior 
2 Exhibiting some signs of low-level vigilant behavior 
1 Showing minimal signs of alertness or vigilant behavior 
0 No signs of vigilant behavior 
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Table 2: Avian predators of red-backed fairy-wrens present at our study site 
Common name Scientific name 
Collared sparrowhawk Accipiter cirrocephalus 
Pied butcherbird Cracticus nigrogularis 
Silver-backed (Grey) butcherbird Cracticus argenteus (torquatus) 
Blue-winged kookaburra Dacelo leachii 
Pheasant coucal Centropus phasianinus 
Torresian crow Corvus orru 
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Table 3: Multiple regression results showing the strongest correlations between the factors 
studied and baseline and post-playback vigilance scores in fairy-wrens. “B” refers to the 
unstandardized coefficients, “SE” to the standard error.  

Factor B SE p Partial r 

Baseline- # of heterospecifics -0.575 0.477 0.241 -0.249 

Post-playback- # of heterospecifics 1.544 0.809 0.07 0.377 

Post-playback- % 1-2m native grass -0.384 0.243 0.128 -0.32 

Post-playback- % 1-2m gamba 0.575 0.413 0.178 0.284 

Post-playback- % shrubs, etc. -0.757 0.352 0.043 -0.417 

Post-playback- # of cycads/fantails -0.73 0.353 0.051 -0.404 

Post-playback- average visibility 0.018 0.014 0.221 0.259 
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Table 4: t-test results comparing pre- and post-playback scores for both fairy-wrens and 
cisticolas, as well as directly comparing the two species and comparing control and treatment 
groups in both species.   
Vigilance scores t-value p 
wren vs. cisticola- pre-playback -0.0213 0.98 
wren vs. cisticola- post-playback 2.04 0.047 
wren pre- vs. post- -- paired t-test -2.64 0.013 
cisticola pre- vs. cisticola post- -- paired t-test 0.322 0.752 
wren post- vs. wren control post- 3.35 0.0019 
wren difference vs. wren control difference -1.95 0.06 
cisticola post- vs. cisticola control post- 1.47 0.16 
cisticola difference vs. cisticola control difference 0.184 0.86 
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Figure 1: Fairy-wrens and cisticolas respond differently to a predator playback, with fairy-wrens 
increasing their vigilance significantly (p=0.013) and cisticolas exhibiting no change. 

 


