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ABSTRACT
Among many anti-predator behaviors, vigilance is observed in many species and plays an important role in survival. In this study,
we investigated the effect of flock size on vigilance in American Coots (Fulica americana) foraging on land and water, by observing
individual birds in these habitats and recording the time spent scanning (i.e., vigilance). Mean flock size was larger on land
compared to water and vigilance negatively correlated with flock size. Birds in water were more vigilant compared to on land,
regardless of whether they were foraging alone or in flocks. However, the effect of flock size on vigilance showed a weak linear
correlation as it was possible that other factors (e.g., human habituation, food kleptoparasitism, or scramble competition) could
have also played a role in shaping vigilance. These results suggest that there is a relationship between flock size and vigilance,
which are related to previous researches that show a negative correlation between vigilance and flock size.
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INTRODUCTION
Survival of any organism is essential toward reproduction and the passing of genes to the next generation. In nature, perceived
predation risk is a major selective force shaping animal behavior.1-3 If an animal perceives there is a predator around, it may alter
its behavior by decreasing activity level or increasing vigilance.3, 4
To scan their environment, birds frequently interrupt feeding and lift their heads.5-7 This behavior is called vigilance. It has been
suggested that there is a negative relationship between vigilance and group size among gregarious species.8, 9 A few literature
reviews in birds and mammals have documented a group-size effect on vigilance, providing overwhelming support for theoretical
predictions.1, 3, 10
The influence of group size on vigilance has been intensively studied and three hypotheses have been developed to explain why
vigilance levels decline with increasing group size. According to the “many eyes” hypothesis, an increase in group size allows for
more efficient surveillance, allowing the group to better detect predators while reducing each individual’s vigilance.7, 11, 12 A larger
group size also enjoys the benefits of group dilution by lowering an individual’s risk of predation, as per the “dilution effect”
hypothesis.13 The decline in individual vigilance can also be supported by the “scramble competition” hypothesis, which explains
that the scarcity of resources promotes intraspecific competition, thus lowering each individual’s vigilance.6, 12, 14, 15
Apart from the effects of group size, other factors also affect vigilance levels. Studies have shown that the characteristics of
immediate habitat can also influence vigilance.16-18 For example, tall vegetation can serve as a good shelter or refuge by lowering
detection and decreasing vulnerability to predators, causing animals to lower their vigilance effort.17, 19, 20 In American Coot, it has
been suggested that birds in water probably experience more safety and as such, we hypothesize that birds foraging on water will
be less vigilant that birds on land.21
We examined vigilance in the American Coots (Fulica americana), a highly gregarious species found across North America. The
species is known to forages both on land and in water, where their diet consists mainly of aquatic and terrestrial vegetation and
insects. The objectives of this study were: (1) to investigate the effect of flock size effect on vigilance, and (2) to compare how the
effect varies between terrestrial and aquatic habitats. We hypothesized that vigilance would decrease with flock size (due to the
many eyes, dilution, and scramble competition effects), and that birds foraging on land would be significantly more vigilant than
in water, as they face a broader array of predators.
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METHODS AND PROCEDURES
Study site
The study was conducted between early September and mid-October, 2019 in Apollo Community Regional Park, Lancaster, CA,
before fall migration. The park contains three interconnected, human-made lakes with pavement across the outer edge of the
lakes. Along with American Coots, the park is also occupied by other avian species such as Canada Goose (Branta canadensis), Bluewinged Teal (Spatula discors), Eurasian Collared Dove (Streptopelia decaocto), and Great Horned Owl (Bubo virginianus). Being a
recreational park, human presence was high, most prominently around noon. The observations were conducted between 7:00 a.m.
– 10:00 a.m. in order to minimize the effect of human disturbance.
Field work and data collection
Observations were made on flock sizes of two or more individuals as well as lone foragers. In order to avoid disturbing the
subjects, the observations were made from a pavement at least 15-20 meters away from the coots. For the purpose of the study,
vigilance was identified as an individual raising its head (scan) and non-vigilance included behaviors such as pecking the water or
ground, preening, walking, or diving. Individual birds were observed using the focal sampling method.22 Each observation lasted
one minute, during which the time spent scanning (vigilance) was recorded with a stopwatch. During a session, one person
reported the observation while another person operated a stopwatch, and recorded the data. Each time the bird switched behavior
from vigilance to non-vigilance and vice versa, a lap was taken on the watch. After the one-minute observation, the vigilance laps
were added up to determine the total time spent vigilant. In order to keep the flock size the same during each session, the
observation was ceased (and not used in analysis) when the flock size changed, the bird went out of sight, or was disturbed by the
presence of humans. Data was collected separately for coots foraging in water and on land.
Data analysis
A total of 630 coots were observed with 324 individuals foraging on land and 306 individuals in water. To prevent
pseudoreplication, since the observations were conducted as part of a course-based research project by different individuals at
different times, 149 data points from each habitat were randomly selected for analysis. Student’s t-test was used to determine if
mean flock size and mean vigilance time were significantly different between birds on land and water. To analyze the effect of
flock size on vigilance, a Pearson’s correlation test was performed. Finally, to investigate the effect of habitats (Land vs water) and
birds foraging alone or in a flock, on vigilance (dependent variable) ANOVA test was conducted.
RESULTS
On land, the number of birds in a flock ranged from 2 – 21, with 16.1% foraging alone. In water, the number of birds in a flock
ranged from 2 – 7, with 19.5% foraging alone. On average, the flock size on land was significantly larger than in water, and birds
spent significantly less time scanning (vigilance) on land compared to water (Table 1). Regardless of the habitat, birds foraging
alone spent significantly more time scanning compared to birds foraging in flocks of two or more (F 1, 294 = 22.5, p < 0.0001,
Figure 1). Furthermore, birds on land scanned significantly less than birds in water (F 1, 249 = 146.9, p < 0.001, Figure 1). Birds
alone in water scanned the most while birds in a flock on land scanned the least (Figure 1). There was a weak negative linear
relationship between flock size and vigilance on land, (r = -0.283, p = 0.013, Figure 2). There was also a weak negative linear
relationship between flock size and vigilance in water, but it was not statistically significant (r = -0.205, p = 0.077, Figure 3).
Water

Land

d.f.
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1.5

296

6.89

<0.001

12.2

296

11.83

< 0.001

Mean

SD

Mean

SD

Flock size

5.6

4.6

2.8

Vigilance (sec)

21.3

16.3

41

Table 1. Mean flock size and vigilance for American Coots on land and in water along with results of an independent t-test comparing means.
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Figure 1. Time birds spent scanning either foraging alone on land ( ) or on water ( ), and in a flock on land ( ) or on water ( ). In the box plots, the
boundary of the box closest to zero indicates the 25th percentile, a black line within the box marks the median, and the X within the box marks the mean.
Whiskers above and below the box indicate the 10th and 90th percentiles. Points above and below the whiskers indicate outliers outside the 10th and 90th
percentiles. (* p < 0.0001, ** p < 0.001)
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Figure 2. The time spent scanning (vigilant) as a function of flock size of the American Coot on land (N = 149).
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Figure 3. The time spent scanning (vigilant) as a function of flock size of the American Coot in water (N = 149).

DISCUSSION
The decrease in individual vigilance with increasing group size is one of the most commonly reported relationships in the field of
animal behavior.1, 10, 23 Results of this study showed that there was a negative correlation between vigilance and flock size, albeit a
weak linear correlation, on land (Figure 2) but not water (Figure 3), coinciding with prior findings for this genus.21, 24 In addition,
the American Coots in this study foraged in larger flocks and were less vigilant while on land compared to water (Table 1).
There are a number of possible explanations to the weak effect of flock size on vigilance in our study. In nature vigilance may
serve a number of functions in obtaining information about the environment.25 Nevertheless, predator detection is a major
function in many species. Thus, one would expect vigilance to increase with the risk of predation and this is supported by many
observations of increases in vigilance on or after exposure to a predator.1, 10 Conversely, reduction or absence of predators would
minimize the effect of vigilance.23 This might be a reasonable explanation for the weakness of vigilance in the American Coots
studied here. Apollo Regional Park is a low-risk habitat for wildlife with little activity of avian predators (Dr. Callyn Yorke of
Antelope Valley College, Personal communication) and since the park is fenced off, there are no mammalian predators. While
there were park visitors who brought their pets, mostly dogs (Canis familiaris), there were no instances of these animals having
predator-prey interactions. Human interactions are often perceived as predatory, which induces fear and physiological changes in
animals. This effect has been documented to have significant impact on the foraging efficiency of birds.21, 26 It is evident that
human interactions can cause changes in birds' defense mechanisms, such as vigilance, which directs energy away from foraging in
favor of these mechanisms.27 As such, human interactions tend to negatively affect reproduction and feeding behaviors of birds,
though the degree of impact varies among species.26 In certain cases, individuals exposed to prolonged, non-threatening
interaction with humans have shown to decrease their vigilance (e.g., acclimation), but still retain a level of ‘fear’ toward people.26
The combination of low predation risk with frequent positive human interaction might have induced habituation to human’s
presence causing these birds to be relaxed in the presence of humans. Animals that frequently experience nonlethal interactions
with humans tend to habituate to humans.28, 29 This adaptation allows them to optimize their foraging strategy, cutting energywasting escape and vigilance behavior toward non-lethal human disturbance and devoting more time to feeding or preening due
to an assessment of low-risk surrounding. In such a situation, factors other than predation might influence vigilance. For example,
the opportunity to kleptoparasitize food from conspecifics had the greatest influence on vigilance in Northwestern Crows (Corvus
caurinus, recently lumped with American Crow, Corvus brachyrhynchos).30 While reduced vigilance for predators in larger groups is a
logical hypothesis, the presence of larger groups also may mean more food stealing opportunities and food loss risk for foragers.
Coots normally bring their food plants to the water surface to eat them there, and this behaviour allows other waterfowl species
to kleptoparasitize them. Herbivorous dabbling ducks, such as American Wigeon (Mareca Americana) and Gadwall (M. strepera),
have frequently been observed kleptoparasitizing coots and do reside in Apollo Park.31, 32 Thus it is reasonable to speculate that
kleptoparasitism may have caused the coots in our study to scan more frequently when in water compared to land.
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The presence of more individuals in close proximity, regardless of species, might increase scramble competition, resulting in coots
devoting less time to vigilance and more to feeding.33, 34 In this study, birds foraging alone, regardless of habitat, were significantly
more vigilant than birds in flocks (Figure 1). This is to be expected given the greater vulnerability of a single individual to
predation and has been extensively documented in other studies.35-37 Furthermore, though food density was not measured in the
study area, birds on land tended to be in larger flocks compared to water, thus increasing scramble competition. This could have
also minimized the strength of the association between vigilance and flock size.
Finally, American Coots either feed in water (by diving, dabbling, or surface feeding) or on land (by grazing or picking up food
from the ground). These two environments might be perceived differently in terms of predation risk. Birds on land might be
susceptible to both aerial and terrestrial predators, while birds in water are only exposed to aerial threats. In a previous study,
feeding-bout lengths in aquatic habitat were longer than terrestrial feeding in Eurasian Coots.21 This study suggests that these
birds perceived less risk in aquatic habitat and spent more time feeding, thus conversely less time scanning. Though we did not
measure feeding bouts, our results contradict (albeit indirectly) these conclusions, as the American coots in this study were more
vigilant in water than land whether they were foraging alone or in flocks.
CONCLUSIONS
We found a significant correlation between flock size and vigilance rate. American Coots were less vigilant in larger flocks and
exhibited the highest amount of vigilance when foraging alone. In general, this study is in agreement with previously published
studies of this genus.21, 24 However, many other factors might influence vigilance.10, 23 We believe that habituation to humans,28, 29
food kleptoparasitism,30 and possibility of scramble competition33, 34 weakened the relationship between vigilance and flock size.
Future studies should investigate individual variation in vigilance of a specific bird, in order to track its patterns of plasticity as the
flock size changes.
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PRESS SUMMARY
Many studies about animal’s vigilance have shown a negative correlation between flock size and scanning rate among gregarious
species. This study investigated the effect of flock size on vigilance in Fulica americana foraging on land and water, adding to the
extensive data of anti-predatory behavior among animals. Data was collected by recording the coots scanning rate within their
respective habitats. The results show that birds in water were more vigilant compared to the ones on land regardless if they were
foraging alone or in flocks. While Fulica Americana exhibits a negative correlation between flock size and vigilance for both
habitats, the effect of flock size on vigilance was minimal as it was possible that other factors (human habituation, food
kleptoparasitism, or scramble competition) could have also played a role in shaping vigilance.
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