
  
 

 

CEC Research | https://doi.org/10.21973/N32M2W   Summer 2017 1/9 

 
Black-tailed deer and what they fear:  

vigilance responses to predator vocalizations as a 
window into current and historical predation pressure 

 
Bryce Ahn1, Marisol Morales2, Ian Perrett3, Mika Post4, Francis Ulep5, Yunqing Sara Ye6 

 

1 University of California, Santa Barbara; 2 University of California, Irvine;  
3 University of California, Los Angeles; 4 University of California, Berkeley;  

5 University of California, Merced; 6 University of California, San Diego 
 
 

ABSTRACT 
 

Predation is a potent ecological and evolutionary force, shaping the behavior of 
animals to minimize risk. Behavior itself can therefore provide clues into the 
predation pressure experienced by a population. We investigated anti-predator 
vigilance behavior in a California coastal population of black-tailed deer in 
response to vocal cues from three predator species of varying current and 
historical risk: grey wolf, coyote, and red-tail hawk. Vigilance was measured as 
the proportion of a herd alerting to a call and the length in time of the alert 
response. For adult deer, we found no difference in the proportion of herd 
alerting to wolf, coyote, or hawk vocalizations, and only a non-significant trend 
toward longer alert responses to coyote than to hawk vocalizations. 
Furthermore, responses by adults did not vary depending on whether fawns 
were present or absent in the herd. This low degree of discernment in anti-
predator vigilance behavior among adults may reflect relaxed selection in the 
century-plus absence of wolves from the Point Reyes area. Differences in 
vigilance response by predator species were more pronounced among fawns 
than adult deer, with fawns showing significantly stronger vigilance responses to 
red-tail hawk vocalizations than to wolf vocalizations. Taken together, these 
results suggest that the specific behavior under study—alert response to 
predator species vocalization—is governed more by current ecological forces 
than past evolutionary ones. Vigilance responses at both life stages, with fawns 
showing strong discernment between an abundant avian predator and an extinct 
canid predator and adults showing little discernment between abundant low-
threat species and an extinct high-threat species, seem better to reflect actual 
risk of predation than a genetic legacy of past predation pressure on the 
population. 
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INTRODUCTION 

Animals are continually responding to 
changes in their surroundings. Factors 
such as weather, resource availability, 
and the presence and activity of other 
species can greatly impact survival and 
considerably shape behavior of animal 
species. Animal behavior, which broadly 
refers to everything animals do, 
including their movement and 
underlying mental processes, arises 
from environmental stimuli but is 
generally constrained by the genetic 
characteristics of individuals. 

Among the most important factors in 
an animal’s survival, and consequently a 
lineage’s evolutionary fitness, is the 
ability to avoid predation. As a result, 
there exists in the animal world a wide 
variety of strategies to avoid predation. 
These range from morphological and 
chemical adaptations, such as 
camouflage and poison, to behavioral 
adaptations, such as playing dead or 
increasing vigilance when predators are 
detected (Santos et al. 2010). The 
specific strategies an individual utilizes 
to avoid predation are largely 
dependent on their predators and 
environmental factors. Regardless of 
strategy, striking a balance between 
energy invested in predator avoidance 
and requirements of foraging, 
reproduction, and parental care is 
imperative. 

If prey animals are constantly on the 
alert for the presence of various 
predators, they lose time that could be 
devoted to activities necessary for 
growth and reproduction, such as 
feeding, resting, and mating (Brown et 
al. 1999). On the other hand, if prey 

animals are less aware of a predator’s 
presence or do not have an underlying 
fear of the predator, injury or even 
death can occur (Laundre et al. 2010).  

In situations where some predators 
are no longer threats to prey, certain 
traits utilized for antipredator behavior 
can become nonfunctional. For 
example, it has been found that in the 
total absence of predators, auditory 
recognition of predators disintegrates 
rapidly (Blumstein 2002). This 
phenomenon is known as relaxed 
selection (Lahti et al. 2009). Relaxed 
selection allows prey species to lose 
behavioral traits that consume energy 
and time without directly helping them 
avoid predation.  

However, it is rare that a prey species 
loses all its predators entirely. Instead, 
one or two predator species might 
disappear while others remain. In this 
case, it would be dangerous for the 
species to lose its traits that help it to 
avoid predation. The multi-predator 
hypothesis predicts that a species that 
loses one predator while retaining 
others will lose traits relevant to the lost 
predator more slowly than the species 
would if it did not retain a predator 
threat (Blumstein 2005). This hypothesis 
assumes that antipredator behavior is 
genetically linked, so genetic response 
traits to one predator cannot be easily 
lost without the other linked traits being 
lost as well. The hypothesis thereby 
assumes that most of antipredator 
behavior is heritable, rather than 
learned. Therefore, if a species is 
exposed to stimuli from a predator that 
no longer exists in the area, it may 
respond just as it would to any other 
predator. 
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In this study, we investigated the 
response of black-tailed deer (Odocoileus 
hemionus columbianus) to predatory 
animal calls. We used a call from a 
predator still present in the area, the 
coyote (Canus latrans), and a predator 
that has not been present in the region 
for over a hundred years, the grey wolf 
(Canis lupus), both relative to an 
intended control vocalization, the red-
tailed hawk (Buteo jamaicensis). By 
investigating the response of the deer to 
potential threats in the form of predatory 
calls, we can evaluate the importance of 
current and past predation risk in 
shaping the life history of a major grazer 
today and perhaps assess the overall 
role of genetics in the maintenance of 
antipredator behavior. If these deer 
respond to wolves, a predator that has 
not been present in the region for over 
a hundred years, as strongly as they 
respond to coyotes, a predator that 
they interact with on a regular basis, 
then we know that their antipredator 
behavior is ingrained in their genetic 
information.  

METHODS 

Natural History of the Study Site 

Research was conducted at the Point 
Reyes National Seashore, a federally-
protected peninsula located in Marin 
County on the Northern California coast. 
Point Reyes was protected at the 
federal level when it became a National 
Seashore in 1962 (ptreyes.org). The 
peninsula, which can be found west of 
the San Andreas fault zone, features a 
mosaic of ecosystems, including northern 
coastal prairie, Bishop pine and Douglas 
fir forests, intertidal zones, estuaries, 

and nutrient-rich coastal waters that 
result from upwelling. Because the 
peninsula is surrounded on three sides 
by the Pacific Ocean, these nutrient-rich 
waters greatly contribute to the overall 
high levels of biodiversity that are found 
at Point Reyes. Evidence of these high 
levels of biodiversity are illustrated in 
statistics reported by the National Park 
Service, which state that over 45% of 
North American avian species and 18% 
of California’s plant species are found in 
the park (nps.gov 2015). These high levels 
of biodiversity make Point Reyes an ideal 
location to study community interactions. 

Black-tailed deer are found throughout 
Point Reyes National Seashore. They are 
characterized by their long black tail and 
large ears (Figure 1). Mating occurs in 
the fall, and fawns are born in the late 
spring (Hammerson, G. 2011) and are 
fully weaned at 16 weeks of age 
(ptreyes.org). Male deer begin breeding 
at 2 years of age and females at 3 to 4 
years. At Point Reyes, the deer live in 
nearly all habitats, but are most often 
visible in populations on the cliffs and 
hills covered by coastal prairie. 

 

 
Figure 1. A black-tailed deer photographed at 
Point Reyes National Seashore. 

Historically, Coast Miwok people, 
grizzly bears, and mountain lions were 
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the major predators of the deer in Point 
Reyes specifically (factcards.califa.org; 
ptreyes.org 1999). Additionally, the grey 
wolf was a major predator throughout 
the overall range of the black-tailed 
deer (Jurek 1994). Coyotes are a historic 
and current predator, but they mostly 
kill deer when the deer population is 
already struggling. They kill the weak, 
the young, and the starving, but 
otherwise prefer to hunt easier prey, 
like rabbits (Ballard et al. 2001). Of the 
major historical predators of the deer, 
mountain lions are the only other 
species currently hunting deer in the 
area (nps.gov 2015). While mountain 
lions only vocalize in some situations, 
such as mating (Montana Fish, Wildlife, 
& Parks 2009) or when threatened 
(police.ucsc.edu 2017), coyotes and 
other canids are extremely vocal and 
social (Tembrock 1976). Therefore, 
studying predator vocalizations is most 
sensible with canids, as they have more 
of a tendency to produce frequent and 
distinguishable calls. 

Research Design 

We observed the vigilance responses 
of black-tailed deer populations at Point 
Reyes to various animal calls. We 
sampled groupings of deer scattered 
across the park based on targeted search 
encounters over multiple consecutive 
days. Vigilance was defined according to 
two different variables: the proportion 
of adult deer in each sample herd 
alerting to a call and the length of time 
each deer was alert to a call, measured 
as the shortest response and the 
longest response. We tested whether 
the presence of fawns in a sample 
affected either form of response. We 

also tested whether either form of 
response varied based on herd size. 
Finally, as a measure of total fawn 
response, we tested the proportion of 
fawns that responded to a call. This 
research was accomplished through a 
playback experiment carried out in the 
field between August 2 and 6, 2017. 

First, we traveled throughout the park 
and searched for visible groups of deer 
accessible by driving and hiking. We 
found the deer in four different general 
areas: the Bear Valley Visitor Center, 
Chimney Rock, the Lighthouse, and 
between the latter two in the roadside 
hills (Figure 2).  

 
Figure 2. The study system. Sampling sites are 
designated by pins. We tested the vocalizations 
on herds of deer at each of these locations. The 
unmarked pin between Point Reyes Lighthouse 
and Chimney Rock represents the land between 
the two sites, where we found many deer herds 
in the hills. 

Once a group was found, a team of 
observers equipped with binoculars 
would separate from a pair equipped 
with a wireless speaker, who would 
quietly approach the deer (Figure 3). 
Next, once the group with the speaker 
was within 100 meters of the deer and 
the deer had returned to the state of 
behavior they exhibited prior to our 
approach (if they changed behavior at 
all), the pair would play one of three 



  
 

 

CEC Research | https://doi.org/10.21973/N32M2W   Summer 2017 5/9 

animal calls that were between 5-10 
seconds in length. 

  

Figure 3. Experimental setup. The observational 
team watched from a distance to avoid spooking 
the deer. The speaker team approached to 
within 100 m away from the deer, then played 
one of the three calls. 

One control vocalization (red-tailed 
hawk) and two predatory vocalizations 
(coyote and grey wolf) were utilized. 
The red-tailed hawk call was done using 
the second sound from the iPhone app 
“Hawk Sounds” and it was played three 
times per trial. The coyote sound used 
the iPhone “Predator Calls” app, on 
which we played the “Coyote Howl 1” 
sound, stopping it after the first two 
calls. The wolf sound was done with the 
iPhone “Wolf Sounds” app, on which we 
played sound 10, followed by sound 12. 
The immediate behavior of every deer 
in the group was then observed and the 
length of time it took the first and last 
deer in the group to return to its prior 
behavior was noted. The numbers of 
females, males, and fawns that 
responded to the calls were also 
recorded. Finally, the sex and age 
distribution of the group, along with the 
time of day when the sample was 
conducted, were documented. This 

process was repeated throughout the 
day across the five days of the study. 

Statistical Analysis 

To examine the total alert response of 
the deer to the three different calls, we 
ran three different tests. We used 
ANOVA to examine the effect of call 
type on the proportion of adult deer 
that responded. Because of unequal 
variances in the longest-response time 
data, we ran a nonparametric Wilcoxon 
test on the length of alert response by 
call type, then an ANOVA on the log-
transformed longest-response time by 
call type.  

We tested the alert response by fawn 
presence using one t-test for each 
response variable, proportion of adult 
deer responding and log-transformed 
longest response time, against fawn 
presence or absence. To determine if 
herd size had an effect on vigilance, we 
ran linear regressions of the two 
response variables against herd size.  

Finally, we analyzed the fawn 
responses to the three calls by running 
an ANOVA of proportion of fawns 
responding to the call against call type. 

RESULTS 

The type of call had no significant 
effect on total herd response, including 
the proportion of adults that reacted 
and the longest response time (P > 0.10; 
Figure 4). 
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Figure 4. Effect of type of call on (top) 
proportion of adult herd alert and (bottom) 
longest response time. The call type does not 
have a significant effect on either measure of 
alertness (P > 0.10), although the log-
transformed longest response time does show a 
marginally significant effect (P = 0.08). Error bars 
show ±1 s.e. 

 

However, log-transformed response 
time and call type did have a marginally 
significant relationship (P = 0.08). The 
deer did not vary alertness if fawns 
were present (P > 0.10, Figure 5), nor 
did they vary alertness based on size of 
the herd (P > 0.10). Fawns did show 
different reactions based on call type, 
responding in highest proportions to 
red-tailed hawk calls and in lowest 
proportions to wolf calls (P < 0.01, 
Figure 6).  

 

 
 

 
Figure 5. Effect of fawn presence on (top) 
proportion of adult herd alert and (bottom) 
longest response time. Fawn presence did not 
have a significant effect on either measure of 
adult herd alertness (P > 0.10). Error bars show 
±1 s.e. 

 

 
Figure 6. Effect of call type on proportion of 
fawns responding. Fawns responded to red-
tailed hawk calls every time, but rarely to wolf 
calls (P < 0.01). Coyote call response was not 
significantly different from either of the two. 
Error bars show ±1 s.e. 
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DISCUSSION 

We expected the deer to distinguish 
between the two predator calls (coyote 
and wolf) and the control call (red-tailed 
hawk) so that they could avoid spending 
extra time paying attention to 
nonexistent threats. Our experiment 
suggests that the deer do not spend 
significantly different response times 
toward all three calls. In addition, we 
thought that deer would feel safer in 
groups and would thereby devote less 
time to the simulated predator call, but 
our analysis shows that deer herd size 
does not significantly affect alertness. 
We also supposed that they would be 
more alert if fawns were present in 
order to better protect their more 
vulnerable young. Our study suggests 
that deer do not devote significantly 
different attention times to the 
simulated predator calls, regardless of 
fawn presence. However, fawns do 
allocate more attention to the calls of 
red-tailed hawk than those of wolves or 
coyotes.  

One possible explanation as to why 
the adult deer do not allot more 
attention to different calls is that they 
are undergoing relaxed selection and 
are losing canid-specific vigilance 
behavior. 

Because the predation pressure from 
coyotes is relatively low and is 
nonexistent from wolves, there is a lack 
of selective pressure from canine 
predators. Another explanation may be 
that the deer have been habituated to 
loud noises and do not perceive such 
sounds as signs of danger while humans 
are present. Because of this habituation, 
the deer also would not respond 

differently even if they were in a smaller 
group, alone, or with their vulnerable 
fawns. The fawns themselves may be 
reacting to the more startling high-
pitched noise of the red-tailed hawk and 
share the parents’ disinterest in the calls 
of the other predators. 

Another explanation is that auditory 
predator signals are not inherited but 
learned. The fawns could be responding 
to the high-pitched hawk noise, while 
the adults have learned to pay attention 
to canid calls and thus show more equal 
attention to the three sounds. Since 
there was a marginally significant 
relationship between call type and adult 
response time, it seems likely that 
further study would help identify 
whether adult deer have any 
discernment between call types or not. 

Future studies would be most 
successful with some improvements to 
the methods, such as standardizing the 
distance at which the predator calls are 
played to the group being sampled. This 
would ensure that all the deer sampled 
experience the calls at similar volumes. 
One issue that may arise by trying to 
standardize the distance is the reactions 
of individual deer. Some individuals 
react differently to approaching humans 
and may flee before sampling can occur.  

Another improvement that could be 
made is using a non-threatening exotic 
species’ vocalization as a control sound. 
This would remove the effect of the 
deer simply reacting to an exotic sound 
they have not before encountered and 
would directly compare the effect of the 
unfamiliar wolf to the familiar coyote. 
Additionally, we would want the control 
sound to be lower in pitch, as the sound 
we selected was perhaps not acting as a 
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true control, as evidenced by the fawns’ 
responses. 

Lastly, it would be beneficial to 
sample deer in different areas of the 
park. In this study, access was a 
challenge, as many areas with deer 
were on steep cliffsides inaccessible to 
humans or on roadsides without 
turnouts. Many more deer were likely 
just out of sight in vegetation where 
sneaking up on them would have been 
challenging. 

Because of our local sampling, there is 
a high likelihood that we sampled on 
the same individuals. For future studies, 
it would be beneficial to find different 
deer in a larger area, perhaps outside of 
Point Reyes, so that the same deer 
would not become accustomed to the 
researchers and the predator sounds. In 
addition to sampling the same 
individuals, another effect that may 
have influenced our observations was 
that the deer we sampled seemed to be 
habituated to human presence. This 
familiarity with humans might have 
given them a sense of security, 
especially at the lighthouse or other 
areas of high human foot or car traffic. 
For future replication, conducting the 
study at multiple locations and noting 
proximity to human presence might 
help us test the idea that deer are less 
responsive to predator sounds at these 
sites. Finally, because similar studies 
have successfully observed responses to 
visual cues in the form of cardboard 
cutouts (Blumstein 2009) or taxidermy 
models of predators (Blumstein 2002), it 
may be useful to adopt this 
methodological strategy. It is likely that 
deer respond very differently to visual 

stimuli than auditory stimuli and thus 
worth further study. 

 
Summary 

Black-tailed deer do not react more to 
predator calls, whether familiar or not. 
This finding is surprising and has helped 
us understand the particular anti-
predator behavioral adaptations of the 
black-tailed deer within Point Reyes. 
The deer do not appear to have an 
inherent fear of the calls of wolves, 
which have not been present in Point 
Reyes for over a hundred years, and do 
not allot more attention to their still-
present predator, the coyote. Our 
findings suggest that the deer exist in 
areas where they need not worry as 
much about anti-predator behavior and 
can instead focus on energy acquisition, 
breeding, and raising offspring. If this 
behavior is more evolutionarily fit, then 
the deer will be able to obtain more 
energy, live longer, and thus be able to 
rear more offspring who will follow 
similar lifestyles. It is likely that the 
Point Reyes deer population will 
continue to be relatively fearless in the 
face of the sounds of their predators. 
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