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ABSTRACT
Sensing, processing, and responding to environmental cues is a fundamental process, particularly for avifauna. The degree to
which signals are effectively responded to, determines an individual’s and a species’ ability to function and flourish in its
habitat. The sensing of sight and sound are highly evolved environmental analysis tools of the American crow (Corvus
brachyrhynchos). This study examined how crows respond to visual and auditory cues in urban and rural environments.
Taxidermic models of a great-horned owl (Bubo virginianus) and a red-shouldered hawk (Buteo lineatus), a recorded call of
the great-horned owl, and a recorded crow mobbing call were used to test the mobbing response of local crows in several
different locations. No significant difference was found in mobbing response between urban and rural environments. There
was a significant difference in number of crows mobbing the two predator species. Results suggest that crows use sensory
information differently; visual cues for predation avoidance and auditory cues for intraspecific communication. The results
also suggest crows exhibit discretionary sensory processing and responses. This study provides insight to how a highly
successful synanthropic species utilizes sensory information to thrive in natural and anthropogenic habitats.
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INTRODUCTION
All animals use sensory information gathered from their environment in foraging, reproduction, and/or
territory defense. Most are specialists, equipped with one or two very keen senses at the expense of
others. With a few exceptions, avifauna do not have a sense of smell, and therefore rely primarily on
visual and audio cues. But the degree to which species rely on these senses is highly variable. Most
avifauna are thought to be primarily visual creatures but research also shows a highly refined sense of
hearing in many species (Santisteban et al. 2002, AAAS 1883). Owls have some of the best hearing of
any animal, raptors some of the best sight, and turkeys are very good at both.
The American crow (Corvus brachyrhynchos) has become one of the most prolific species of bird in the
United States due in no small part to its synanthropic character (Whithey 2009). Once vilified and
aggressively hunted as an agricultural pest, this vitriol faded away somewhat in the 1950s. Crows began
to flourish in most anthropogenic habitats, spreading from agricultural areas into cities (Gade 2010).
Continued hunting of crows in rural areas drove some populations into urban areas where laws prevented
hunting. This created a distinct behavioral rift between the two populations with little permanent
dispersal from one habitat to the other (Knight et al.1987, McGowan 2001). Presently urban and rural
crows are known to leave their territories nightly throughout the colder months to form roosts of 75,000
or more individuals. These roosts may contain crows from both urban and rural territories (Caccamise et
al. 1997, McGowan 2001). Urban crows tend to occupy smaller territory, but enjoy greater nest success
and larger familial groups (McGowan 2001). Whether the increased offspring survival is due to larger
familial groups or decreased predation in urban areas remains to be seen. Likewise, it is uncertain
whether the behavioral differences have a genetic basis or are learned (Knight et al. 1987). Holzhaider et
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al. (2010) found that social learning, wherein a behavior is learned from observation of conspecifics, is
evident in the Corvid family.
American crows and other Corvids are intellectually and physiologically well equipped for survival in
varying habitat. Only humans, and perhaps some apes, surpass their cognitive ability. They have the
ability to reason, imagine, and predict future outcomes of actions, all of which give them an edge over
competitors, particularly in anthropogenic habitat (Emery and Clayton 2004). American crows have
unusually large visual fields, including large central binocular regions that allow them to focus with both
eyes on objects both close to the beak and on the horizon (Fernandez-Juricic et al. 2010). This visual
acuity and a propensity for perching in high trees provide the crow with means for interpreting large
amounts of visual data. Acoustic studies on the crow call have shown a high level of sensitivity in crow
hearing as well. Crows can differentiate between the subtle frequency differences in individual calls of
both known and unknown conspecifics (Wascher et al. 2012, Yorzinski et al. 2006). They also have a
wider frequency and volume range than humans. The expended audible range allows for better hearing
over long distances and in noisy urban environments (Jensen and Klokker 2006).
Determining if there are differences in the senses used by American crows in rural and urban
environments could further elucidate the behavioral divergence of this species in two very distinct
habitats. As mentioned earlier, more work needs to be done on the underlying causes of these differences,
but we could be seeing the beginnings of anthropogenic speciation in crows. In order to test the use of
sensory input in each habitat, resident crows were presented with either a visible model of a great-horned
owl (Bubo virginianus) or with the call of the owl while the model was not visible. The great-horned owl
was chosen because they are known to be one of the most significant predators of crows, and are known
to crows in both habitats (Sindelar 1969, Southern 1970). Owls are also known to elicit mobbing
behavior in crows and this behavior can be quantified (Conover 1985). It was hypothesized that crows in
both habitats would respond aggressively to the visual cue, and that the rural crows would respond to
audio cues more than urban crows since the auditory information would be more available in the absence
of anthropogenic noise pollution. It was also hypothesized that urban crows would be more aggressive in
mobbing behavior due to an increased necessity for protecting their smaller home ranges.
METHODS
Site Description
The experiment was conducted in four phases to examine the crow’s response to audio and visual cues in
urban and rural environments. Experiments were conducted between 10/12/12 and 11/20/12 at Rugar
Woods (RW), South Platt Street Park (SP) (Figures 1, 4), Miner Institute (MI; Figures 1, 3) and Rehoboth
Farms (RF; Figures 1, 2). Dates were chosen based on the forecast (weather.com), with sunny calm days
being the ideal conditions.
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MI
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Figure 1. Small-scale view of study sites in Plattsburgh
and Clinton County, NY

Figure 3. Miner Institute rural study site.

Figure 4. Urban study sites: TR - Texas Roadhouse
roost location; RW – Rugar Woods; SP – South Platt
Park
Figure 2. Rehoboth Farm rural study site.
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Sites were chosen for being ideal crow habitat and because crows were frequently spotted in the
area. The RW site, 44.680654N and 73.478161W, is nestled in a small mixed forest habitat
roughly 1.6 km from downtown Plattsburgh, NY, less than 400 m to heavily populated
neighborhoods, and less than 200 m to the dammed portion of the Saranac River. The study took
place in a roughly 0.5 ha open field adjacent to a baseball field. The SP site, 44.687908N and
73.455684W, is located along the Saranac River 2 km NE of RW and roughly 1 km from
downtown Plattsburgh. This site is a public park with a baseball field and maintained grassy
areas of roughly 0.5 ha with mixed forest in the lowland sites along the river. The MI site,
44.88458N and 73.471026W, is a roughly 14 ha field used yearly for agriculture. It is 2 km west
of the nearest town, and 24 km north of the closest population center (Plattsburgh). Finally, the
RF site, 44.562481N and 73.451328W, is also a roughly 14 ha heavily agricultural plot roughly
22 km south of Plattsburgh and at least 7 km from any towns.

Experimental Design
The visual experiment was set up using a taxidermic model of a great-horned owl or redshouldered hawk (Figure 5). The model was placed on a stump in the field. Simultaneously, the
observer, who was hidden from view in a pop-up blind in the trees about 40m from the owl,
turned on the recording equipment and stopwatch. An Olympus Tough digital video recorder
was used to record video. The sound recording was done using an Audio-Technica AT2020
USB condenser microphone connected to the Garage Band software package on a Macintosh
laptop computer. The owl was left exposed to crow passers-by for 20 min. Once the 20 min
elapsed, if no crows spotted the stuffed owl, a great-horned owl call was played from the laptop
once per minute for 20 min. The call was amplified through a Radio Shack Mini-Amplifier
Speaker and Power Horn. The number of birds responding and approaching the setup was
recorded and later analyzed.
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Figure 5. Stuffed great-horned owl and red-shouldered hawk used in the experimental setup.

The audio experiment was similarly set up, but only the stump and not the owl were placed in the
field. The owl call was played every minute for 20 min through the Power Horn and MiniAmplifier, which were covered with a camouflage blanket. After 20 min, if no crows had
reported, the stuffed owl was placed on the stump while calls were played once per minute for 20
min. Again, the number of birds responding and approaching the setup was recorded and
analyzed using ImageJ software.
Corvids are known to be intelligent birds and very capable learners (Emery and Clayton 2004,
Holzhaider et al. 2010, Wascher et al. 2012). To avoid creating a bias in the local crow
population, the visual experiment was only performed at the MI and RW locations while the
audio experiment was only performed at RF and SP locations. As a control, the number of
crows that came into sight or were heard while an observer was standing at the setup site was
recorded on a day separate from the day the experiments were performed at that site. All
reasonable precautions were taken so that the time and weather conditions were similar. All
experiments were performed between the hours of 0600 and 1200.
Follow-up experiments were performed for both the audio and visual portions of this study. The
audio follow-up was performed at the RW site using a crow mobbing call rather than an owl call.
A similar protocol used for the owl call audio experiment was used for the mobbing call
experiment, with a 2 min long mobbing call played at 0, 5, 10, 15, and 20 min into the trial. The
follow-up visual experiment followed the visual protocol previously described, but in addition to
the owl model, a red-shouldered hawk (Buteo lineatus) model was also used. These trials lasted
20 min each and included no audio aspect. These trials were carried out in the hour before
sunset behind the Texas Roadhouse restaurant (Figure 4), a common winter roosting place for
crows. This location was ideal as it provided access to a flyway in which new birds were
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constantly entering the experimental area, thus preventing acclimation to the experimental
conditions. ImageJ (Rasband 1997) was used to analyze video taken on the experiments.
Finally, two survey methods were used to quantify the number of crows in the Plattsburgh winter
roost. Method one used average flyway density to determine the number of crows entering the
roosting site (Kansas State University 2012). Flyway density was determined by the number of
crows in the flyway passing a certain point in 20 seconds. The duration of the flyway was
determined. The mean density multiplied by the duration gave an estimate of the roost
population. Method two used the number of roosting trees in the roost area (as determined
through GIS image analysis in ImageJ software) and the average number of crows in a subset of
trees to estimate the number of crows in the roost (Kansas State University 2012).
Student’s t-tests were used to compare responses of crows in urban versus rural environments
and t-tests or ANOVAs were used to compare their responses to different stimuli. Descriptive
statistics were calculated where possible.
RESULTS
Of the four study sites used for the audio/visual experiments, only RW yielded any mobbing
response although crows were observed at all sites. The owl model elicited an almost immediate
response at RW. The first mobbing calls were heard within 2 min of the owl being unveiled, and
6 individual crows were scolding and diving at the owl. After 21 min of constant mobbing, the
crows began to disperse. The last to leave was a sentinel perched about 140m from the owl.
This individual only flew off after the researcher left the blind to retrieve the owl (32 min after
the trial began).
Since crows did not seem to respond to a predator’s calls, but clearly responded to their own
mobbing call, the recording from the RW mobbing was used at RW in the absence of a predator
model to test the calls recruiting value (Figure 7). Four crows reported to the area and joined in
the mobbing call within 2 min of the start of the trial. A maximum number of 36 individuals
reported (13:40 into the trial) before gradual departure (Figure 6). Three perching sentinels
stayed 3 min longer than the other mobbing crows, with the last to leave at 17:30 into the trial.
The final call at 20 min yielded no further response.
A comparison of the recruitment rates at RW in the first ten min of trials with predator models or
mobbing calls shows an insignificant difference in the slope of the regression lines (Figure 8;
ANCOVA df=11, p=0.92). Only the first ten min were used for comparison since recruitment
stopped after ten min in the predator model trial.
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Figure 6. Number of crows responding to a mobbing call at RW.
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Figure 7. Number of crows recruited to a mobbing call at RW rises exponentially before sharply declining.
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Figure 8. Linear regressions for predator model and mobbing call trials at RW. The difference in slope was insignificant.

The TR roosting site was used to test for differences in crow response to different predators.
Images of the mobbing roost were analyzed using ImageJ for number of crows in the mob at 20
random intervals throughout the trial (Figure 9). No model was in view during the control
period.
A one-way ANOVA (df=29, F=11.55, p=0.00) failed to reject the null hypothesis. To be sure
that the difference in the means was between the hawk and the owl trials, and not only the
control and a predator model, a Student’s t-test was performed, again failing to reject the null
hypothesis (Figure 10; df=18, p=0.025).
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Figure 9. Mean number of mobbers at the different predator models.
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Two survey methods were performed to estimate the number of crows in the local roost (Table
1). The flyway method yielded a mean flyway density of 3.99 birds per second (n=24). The
total duration of the flyway was estimated to be 1185 sec, resulting in a population estimate of
4733 individuals. The tree method yielded a mean number of birds per tree of 71.55 individuals
(n=11). There was estimated to be 65 suitable roosting trees in the roosting area. A suitable
roosting tree was arbitrarily chosen to be any tree over approximately 20m based on observations
that crows prefer to roost in taller trees. The tree method estimated 4650 individuals in the roost.

Table 1. Roost size estimates for the Plattsburgh roost.

Flyway Method
Tree Method

Birds
4733
4650

Standard Err
+/-312
+/-1045

95% CI
4122-5344
2603-6697
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Figure 10. Boxplot showing a significant difference in mobbing of a hawk and an owl model.
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DISCUSSION
The goal of this experiment was to determine to what extent crows use visual and auditory
information in predator interactions. The first set of experiments examined the effect of home
territory location on sensory use. Results were insufficient to determine if there is a difference in
sensory use and mobbing in urban and rural environments. Rural crows showed no response to
audio or visual predator cues. In at least one of the rural trials, a crow was within range of the
model or call, and even vocally responded, but did not investigate. McGowan (2001) suggests
that rural resident crows have larger territories than their urban counterparts. This could explain
the lack of response in rural areas in three ways: 1) it would be less likely the bird would see or
hear a model or call within their territory, 2) neighboring crows would be farther away thus
harder to recruit to a mob, and 3) a larger territory allows for a crow to opt to forage elsewhere in
a territory rather than confront a dangerous enemy. In the urban experiments, there was no
response to auditory stimuli, but a distinct mobbing response to the visual stimuli. Taken
together, these results suggest that mobbing does not differ between urban and rural areas and
that initiation of the mobbing requires visual cues.
The next set of experiments was designed to further characterize responses to auditory cues.
Wascher et al. (2012) found that crows can recognize a conspecifics individual voice, individual
human voices, and calls of other species. Since crows did not physically respond to the calls of a
predator, recorded mobbing calls were played in an attempt to elicit a response. One of the
largest costs of mobbing is that mobbers are advertising their location to other potential predators
(Krama and Krams 2004). Therefore, to be of benefit, the boisterous mobbing call must bring a
great increase in the number of mobbers. The results of this experiment reflect that assumption,
as the recorded mobbing call brought 36 mobbers to the area. Results also confirmed that
mobbing needs a visual component. Without a model, mobbers dispersed 32% sooner (14 min
versus 22 min) than when a model was present.
To further characterize responses to visual stimuli, a model of either a red-shouldered hawk or
great-horned owl was used and the number of mobbers responding to each was compared to the
other and to a control (no model). The winter roost in Plattsburgh provided an ideal opportunity
for testing predator preference of mobbing crows. The flyway into the roost provided a constant
stream of new individuals into the study, thereby eliminating any aspect of learning, while all
other non-manipulated experimental conditions remained the same. This study was performed
at dusk, a time of day where the crows would reasonably face predation from the diurnal hawk or
nocturnal owl. Both models elicited significantly more mobbers than the control and the owl
was mobbed significantly more than the hawk. While owls are capable crepuscular hunters, it is
more likely a hawk would present a predation risk at that time of day (Smith and Smith 1972).
In order to estimate the population of the roost where these studies took place, two different
survey methods were devised and conducted. The two methods differed by only 1.7% in their
estimated population size, but the error measurement was more than 300% higher for the tree
method. This minute difference in estimate lends credence to the accuracy of both methods,
even if the flyway method may be preferred for its smaller margin of error.
Mobbing is a costly behavior, both in terms of energy usage and predation risk (Krama and
Krams 2004). Crows are known to exhibit extensive knowledge of the biotic and abiotic aspects
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of their habitats (Caffrey 2001). The results of these experiments may indicate that crows have
an intimate knowledge of the habits of their predators as well. They potentially use this
information to achieve a form of optimal mobbing. For example, in large rural territories, crows
may opt to avoid confrontation with a predator and forage in another part of their territory. This
is a luxury an urban crow in a small territory would not have, and that is reflected in the data
from these experiments. In the Plattsburgh roost, there was an almost complete absence of
mobbing behavior on the owl model in the morning when crows are leaving the roost area. This
is in direct opposition to the extreme mobbing of the model the previous evening, when crows
were settling into the area for the night. In the auditory experiments, crows seemed to ignore the
owl call altogether. An owl actively hunting crows would not be calling out advertising its
position to potential prey. Knowing this, crows could use the owl’s call as a cue to be alert, but
would recognize that the predator is not hunting, and therefore not an immediate threat. This sort
of reasoning involving location, time of day, and predator behavior is not outside the scope of the
crow’s well-documented intelligence.
This study was largely exploratory and observational, meant to suggest paths for future research.
Results illuminate many factors that influence anti-predator behavior in American crows. Daily
and yearly phenology, interspecies relations, familiarity of predators, and locations of territory
all have evident effects. Future studies should attempt to isolate one of these factors at a time for
comprehensive study. Conducting similar experiments during breeding season or at the locations
of common food bonanzas (natural or artificial) may offer additional insights into the optimal
mobbing habits of crows. Breeding season would be the ideal time to study the differences in
urban and rural crows, as they are more likely to stay within their home ranges when their
offspring are young and overlap would be minimal. Radiotelemetry would be an extremely
useful tool in future studies on mobbing recruitment in crows. With such technology, the radius
of mobbing recruitment could be established. It would allow for the estimation of relative
percent of local birds responding to mobbing stimuli. Understanding the behavior of the
American crow, a highly successful synanthropic species, has implications for conservation of
many species in anthropogenic environments. Behavioral studies such as this increase the body
of knowledge that informs ecological decision-making at all levels.
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Appendix
Video of crows mobbing great-horned owl at TR roosting site:
http://www.youtube.com/watch?v=lbL0W7t_paw
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