
  
 

 

CEC Research | https://doi.org/10.21973/N32T06   Fall 2021 Vol. 5 Issue 6 1/10 

Acorn woodpeckers (Melanerpes formicivorus) respond to 
California ground squirrel (Otospermophilus beecheyi)  

alarm calls 
 

Lauren Jennings1, Kishor Koperweis1, Alex Lou2, Denise Meier3 
1University of California, Santa Barbara; 2University of California, Irvine; 

 3University of California, San Diego 
 

ABSTRACT 

Interspecific eavesdropping can benefit heterospecific prey species by increasing the 
likelihood of detecting and avoiding a predator. California ground squirrels 
((Otospermophilus beecheyi) and acorn woodpeckers (Melanerpes formicivorus) share 
aerial predators. When an aerial predator is spotted, California ground squirrels produce 
a distinct warning call. A population of acorn woodpeckers was observed in order to 
assess their response to the aerial warning calls of California ground squirrels. Acorn 
woodpeckers respond to California ground squirrel warning calls by rapidly vocalizing 
their own alarm call, decreasing social behavior, and flying toward the sound of California 
ground squirrel warning calls. Overall, acorn woodpeckers were found to eavesdrop on 
California ground squirrel alarm calls. Eavesdropping on California ground squirrels may 
decrease the risk of predation for acorn woodpeckers. By examining the extent to which 
acorn woodpeckers eavesdrop on California ground squirrels, we gain an increased 
understanding of the role of interspecific eavesdropping and the benefits gained by 
species utilizing this strategy. 
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INTRODUCTION  

For an animal wary of predators, it is 
beneficial to eavesdrop on the alarm calls of 
other species (Magrath et al. 2015). 
Recognizing and listening to these alarm 
calls can allow a species to be alerted sooner 
to the presence of a possible predator. For 
example, squirrel monkeys (Saimiri sciureus) 
will eavesdrop on the alarm calls of 
capuchins (Cebus apella) in order to increase 

their survival by reducing predation success 
(Terborgh 1984). Eavesdropping species can 
respond to these alarm calls in different 
ways: freezing, fleeing, hiding, or making 
their own alarm call (Magrath et al. 2015). 
Black-casqued hornbills (Ceratogymna 
elata) have been shown to respond to the 
alarm calls of Diana monkeys (Cercopithecus 
diana) by sounding an alarm call of their own 
(Rainey et al. 2004). Call responses like those 
elicited by Black-casqued hornbills may be 
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common in birds, as studies have 
demonstrated that avian alarm calls increase 
the survival of conspecifics (Griesser 2013; 
Silvestri et al. 2019). 

The perception advertisement hypothesis 
and the predator confusion hypothesis are 
two explanations for why alarm calls can 
increase the survival of conspecifics (Curio 
1978; Bolt 2016). The perception 
advertisement hypothesis states that a 
species may sound an alarm to alert the 
predator that its presence is known, and that 
it has lost the element of surprise (Curio 
1978). Therefore, the predator may be less 
likely to attack that individual. The predator 
confusion hypothesis suggests that animals 
living in groups will continuously repeat 
alarm calls to create acoustic chaos, 
confusing and therefore reducing the 
predator’s chance of capturing an individual 
(Bolt 2016). The more individuals 
reproducing the alarm call, the better 
chance that the predator becomes confused 
and predation is unsuccessful. This 
hypothesis is relevant for the alarm call 
behavior of social birds like Steller’s jays 
(Cyanocitta stelleri), black-capped chickadees 
(Poecile atricapillus), and Clark’s nutcrackers 
(Nucifraga columbiana) (Ficken 1989).  

Acorn woodpeckers (Melanerpes 
formicivorus) are another example of a social 
bird. Residing in oak savannas of the western 
parts of North America, they live in 
cooperative groups in which each member 
contributes to defending territory 
(MacRoberts and MacRoberts 1976). When 
acorn woodpeckers become aware of 
predators or intruders, they typically react 
by vocalizing an alarm call. Since they live in 
groups of two to fifteen birds, they may 
produce alarm calls in alignment with the 
predator confusion hypothesis. A common 
call acorn woodpeckers produce when they 

are not wary of predators is a social greeting 
call, which occurs frequently between 
members in the group when a group 
member enters a tree. In addition to 
socializing, each group member will forage 
for acorns. During the fall, acorn 
woodpeckers forage extensively for acorns 
in oak trees and store them in granary trees 
(trees used to store foraged acorns) created 
and used over many generations by each 
family of birds (MacRoberts 1970; 
Thompson et al. 2014). Many of these 
granary trees occur in oak savannas, where 
many California ground squirrels 
(Otospermophilus beecheyi) are also found 
(MacRoberts and MacRoberts 1976). 

California ground squirrels are small 
mammals which often compete with acorn 
woodpeckers by stealing acorns from 
granary trees (MacRoberts and MacRoberts 
1976). Much like acorn woodpeckers, 
California ground squirrels vocalize warning 
calls in response to predators. However, 
California ground squirrels produce different 
warning calls for both terrestrial and aerial 
predators. When aerial predators are 
spotted, squirrels emit a repetitive, whistle-
like vocalization that can be heard across a 
grassland, while chattering sounds are 
emitted for terrestrial predators (Owings 
and Virginia 1978). California ground 
squirrels share aerial predators (hawks and 
eagles) with acorn woodpeckers. However, 
aerial predators are a bigger threat to acorn 
woodpeckers than terrestrial predators 
(MacRoberts and MacRoberts 1976; Owings 
et al. 1977). Since acorn woodpeckers and 
California ground squirrels share aerial 
predators, it is possible that acorn woodpeckers 
may develop an understanding of, and 
eavesdrop on, the aerial warning calls of 
California ground squirrels. Therefore, 
although the two species compete for 
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acorns, it may be beneficial to the overall 
fitness of acorn woodpeckers to co-inhabit 
with California ground squirrels. There has 
been limited research on the interaction 
between these two species, and there is a 
significant knowledge gap on the acorn 
woodpecker’s heterospecific interactions 
that are unrelated to competition. California 
ground squirrels could facilitate the survival 
of acorn woodpeckers by acting as a provider 
of information and by presenting woodpeckers 
with earlier warnings of aerial predators. 

In this study, we investigated how acorn 
woodpeckers respond to California ground 
squirrel aerial predator warning 
vocalizations. We hypothesized that acorn 
woodpeckers would exhibit anti-predator 
behaviors in response to California ground 
squirrel warning calls. Specifically, we 
predicted that there would be an increase in 
alarm calls and a decrease in social calls and 
foraging behavior by acorn woodpeckers. 
Furthermore, we expected acorn 
woodpeckers to make their alarm call sooner 
after hearing California ground squirrel 
warning calls. In accordance with the 
predator confusion hypothesis, we also 
predicted that as acorn woodpecker 
abundance increases, more alarm calls 
would be vocalized.  

METHODS 

2.1 Study Site 

We studied the population of acorn 
woodpeckers around UC Santa Barbara’s 
Sedgwick Reserve Field Station (hereby 
called Sedgwick Reserve). Sedgwick Reserve 
is located 35 miles north of Santa Barbara, 
within Santa Barbara county, in the Santa 
Ynez Valley of central California. For our 
study, we focused on the reserve’s oak 

woodlands and savannas, which are areas of 
vegetation with 10–60% tree canopy cover 
with herbaceous understory dominated by 
native and exotic flowering plants, exotic 
annual grasses, and scattered shrubs 
(Mooney and Zavaleta 2016). Sedgwick 
Reserve’s oak habitats are dominated by 
valley oaks (Quercus lobata), coast live oaks 
(Quercus agrifolia), and Peruvian pepper 
trees (Schinus molle). We focused on valley 
oaks, coast live oaks, and Peruvian pepper 
trees since they are the preferred habitats of 
acorn woodpeckers (Fitzpatrick 1987). This 
study was conducted over the span of four 
days (October 31, 2021–November 3, 2021). 
We consulted prior studies carried out at 
Sedgwick reserve to find maps of granary 
trees, in order to lead us to trees with the 
highest probability of woodpeckers 
inhabiting them (Grivet et al. 2005). Trees 
were selected by finding trees that had 
acorn woodpeckers and were at least 20 
meters from a granary tree (Fig. 1). If the 
acorn woodpeckers flew away as we 
approached, we walked to the next closest 
tree with acorn woodpeckers in it. 

2.2 Data Collection 

We observed the behavior of acorn 
woodpeckers at two points directly across 
from each other on either side of a tree. At 
approximately 15 m from the trunk of the 
tree, we started a timer and waited silently 
for 10 minutes to allow the acorn 
woodpeckers to acclimate to our presence. 
After the 10-minute acclimatory period, we 
observed the behavior of the acorn 
woodpeckers for five minutes. During this 
five minute window, we recorded the 
latency (or the time it took until each 
categorized behavior was exhibited) to the 
socializing call, alarm call, and foraging 
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behavior by any individual (Table 1). 
Additionally, we measured the number of 
times we heard a socializing call and alarm 
call. At the end of this first five-minute 
observation period, the number of 
woodpeckers observed in a tree was recorded. 

 

Figure 1. Map of trees used for acorn woodpecker 
observation near Sedgwick Reserve. Twenty samples 
of acorn woodpecker behavioral data were collected 
from a total of 12 trees. Tree species included 10 
valley oaks (Quercus lobata), a coast live oak (Quercus 
agrifolia), and a Peruvian pepper tree (Schinus molle). 
Tree selection was based on whether or not acorn 
woodpeckers were present in that tree, and if the tree 
was within 20 m of a granary tree. We walked to the 
next tree with acorn woodpeckers if they flew away 
while we approached. 

Immediately following this initial five minute 
observation period, we played one of two 
one-minute-long recordings: either a 
California ground squirrel warning call as our 
treatment sound, or a chorus of Pacific tree 

frog (Pseudacris regilla) (hereby referred to 
as control) croaks as our control sound to 
isolate the response to a “random” (but 
geographically relevant) sound. The 
recordings were played from an iPhone 8 
speaker at full volume (approximately 80 
decibels) to ensure consistency. We played 
one of the recordings upon the start of our 
second five-minute observation period and 
again at the halfway point of the observation 
window (2 minute 30 second mark). During 
this time the same variables as the first five-
minute window were recorded. Upon 
conclusion of this second observation 
window, we recorded the number of 
woodpeckers currently in the tree, as well as 
the GPS coordinates of the tree to ensure we 
could return to the tree to play the other 
recording. In total we performed 10 
experimental treatments and 10 control 
treatments. 

2.3 Statistical Analysis 

We performed Wilcoxon tests comparing 
the difference in the number of acorn 
woodpeckers and the difference in latency 
to social calling, alarm calling, and foraging 
behavior between the trees receiving the 
California ground squirrel warning call, and 
the trees receiving the control. The 
difference in acorn woodpeckers in a tree 
was calculated by taking the difference in 
the number of woodpeckers before and 
after playing the recordings. The difference 
in latency was calculated by taking the 
difference in time until each behavior began 
between our second observation period 
after beginning the first recording, and our 
initial observation period (before playing the 
recording). When a behavior was not 
observed, it was recorded as the full time 
(300 sec) of the five-minute observation 
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Table 1. Definitions of behaviors exhibited by acorn woodpeckers. The behaviors recorded during the observation 

period before and after California ground squirrel warning call (treatment) or Pacific tree frog chorus (control) 
recordings were broadcasted include social calls, alarm calls, foraging behaviors.  

Behavior Definition 

Social Call Waka-Waka: primary greeting call for members of the same social unit; most frequent 
call for intergroup interactions  

Alarm Call Karrit-Kut: primary call used in conspecific and heterospecific territorial defense; also 
used for the detection of predators such as hawks   

Foraging Pecking on the tree to add new holes or to existing holes in the granary tree. Holes 
are used to store acorns. 

period. Wilcoxon tests were also performed 
comparing the number of social calls and 
alarm calls between treatment (California 
ground squirrel) and control (Pacific tree 
frog) recordings. A linear regression was run 
comparing the average number of 
woodpeckers in a tree to the number of 
alarm calls. Data were analyzed in JMP 
statistical software v.16.1.0. 

RESULTS 

A total of 20 data points were collected (10 
experimental and 10 control treatments) 
from 12 trees in Sedgwick Reserve. Acorn 
woodpecker group size ranged from 1–9 
individual(s) per tree. No difference was 
found between the difference in latency for 
an acorn woodpecker to produce a social call 
after either the California ground squirrel 
warning call or the control was played (N = 
20, Z = 1.10, p = 0.27; Fig. 2). Acorn 
woodpeckers were quicker to vocalize their 
first alarm call after the California ground 
squirrel warning call was played (N = 20, Z = 
2.22, p = 0.03; Fig. 2). No difference was 
found in the time it took acorn woodpeckers 
to exhibit foraging behaviors for both the 

California ground squirrel warning call and 
the control (N = 20, Z = 1.48, p = 0.14; Fig. 2). 
Acorn woodpeckers made fewer social calls 
after the California ground squirrel call, as 
compared to the control (N = 20, Z = 2.06, p  
= 0.039; Fig. 3). No difference was found in 
the number of alarm calls acorn 
woodpeckers made after both the California 
ground squirrel warning call and the control 
were played (N = 20, Z = 1.28, p = 0.20; Fig. 
3). A marginal increase in the number of 
acorn woodpeckers was observed after the 
California ground squirrel warning call was 
played (N = 20, Z = 1.83, p = 0.067; Fig. 4). No 
acorn woodpeckers left the tree after the 
California ground squirrel warning call was 
played (N = 20, Z = 1.83, p = 0.067; Fig. 4). 
The average number of acorn woodpeckers 
had no effect on the number of alarm calls 
they produced (N = 20, RControl

2 =  0.62, 
RTreatment

2 = 0.00, p = 0.36). 

DISCUSSION 

In general, our findings suggest that acorn 
woodpeckers react to California ground 
squirrel warning calls. Our results support 
our hypothesis that acorn woodpeckers 
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would exhibit anti-predator behaviors when 
California ground squirrel warning calls were 
heard. Acorn woodpeckers were quicker to 
sound an alarm call after hearing the 
California ground squirrel warning call 
compared to the control, but there was no 
difference in the number of alarm calls made 
by the acorn woodpecker. This finding may 
be explained by the evolutionary mechanism 
of anti-predator adaptation (Griesser 2013). 

 

Figure 2. Effect of California ground squirrel warning 
call (treatment) and Pacific tree frog chorus (control)  
on the difference in latencies to acorn woodpecker 
socializing, alarm, and foraging behaviors. We 
recorded the time in seconds it took acorn 
woodpeckers (Melanerpes formicivorus) to vocalize 
social calls, alarm calls, and exhibit foraging behavior 
both before and after either a California ground 
squirrel (Otospermophilus beecheyi) warning call or 
Pacific tree frog (Pseudacris regilla) chorus was 
played. These observations were quantified to test 
how acorn woodpeckers respond to the California 
ground squirrel warning calls. No difference was 
found between the time it took acorn woodpeckers 
to produce social calls after either the California 
ground squirrel call or the control (N = 20, Z = 1.10, p 
= 0.27). Acorn woodpeckers vocalized their first alarm 
call quicker after the California ground squirrel alarm 
call was played (N = 20, Z = 2.22, p = 0.03). No 
difference was found in acorn woodpecker foraging 
behavior after either the California ground squirrel 
warning call, or after the control (N = 20, Z = 1.48, p = 
0.14). Error bars were constructed using 1 standard 
error from the mean.  

By this mechanism, the most efficient 
strategy predator avoidance will be favored; 
in this case, the number of acorn 
woodpecker alarm calls may not affect the 
survivorship of the group as much as when 
the alarm call is made. The quicker the group 
hears the alarm call, the faster they can 
respond accordingly. Furthermore, it may be 
advantageous to an individual to sound the 
alarm rapidly and infrequently to alert 
conspecifics but reduce the chance of giving 
away the individual's location to surrounding 
predators which differs from the 
implications of the predator confusion 
hypothesis as described by Bolt (2016). It 

 
Figure 3. Effect of the California ground squirrel 
warning call (treatment) and control Pacific tree frog 
chorus (control) on the number of acorn 
woodpecker social calls and alarm calls. The number 
of acorn woodpecker (Melanerpes formicivorus) 
social calls and alarm calls was measured before and 
after the California ground squirrel warning call was 
played, and after the Pacific tree frog chorus (control) 
was played. These observations were quantified to 
test how acorn woodpeckers respond to the 
California ground squirrel warning calls. Acorn 
woodpeckers made fewer social calls after the 
California ground squirrel warning call was played as 
compared to the control (N = 20, Z = 2.06, p  = 0.039). 
No difference was found in the number of alarm calls 
acorn woodpeckers made after both the California 
ground squirrel warning call and the control (N = 20, 
Z = 1.28, p = 0.20; Fig. 5). Error bars were constructed 
using 1 standard error from the mean.
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Figure 4. Effect of California ground squirrel warning 
calls (treatment) and Pacific tree frog chorus 
(control) on the difference in numbers of acorn 
woodpeckers before and after the recording was 
played. We recorded the total number of acorn 
woodpeckers (Melanerpes formicivorus) we observed 
both before and after the California ground squirrel 
warning call was played, and before and after the 
control sound was played. These observations were 
quantified to test how acorn woodpeckers respond to 
the California ground squirrel warning calls. The 
difference in number of acorn woodpeckers was 
calculated by subtracting the number of acorn 
woodpeckers observed before the sound was played 
from the number of acorn woodpeckers observed 
after. There was a marginal increase in the number of 
acorn woodpeckers in a tree after the California 
ground squirrel warning call was played (N = 20, Z = 
1.83, p = 0.067). No acorn woodpeckers were 
observed leaving the tree after the California ground 
squirrel alarm call was played. However, acorn 
woodpeckers did leave when the control recording 
was played. Error bars were constructed using 1 
standard error from the mean.  

should be noted that during three of our 
controls where the acorn woodpeckers 
made alarm calls, there were outside 
variables which could have triggered these 
alarms: a car driving by, and a plane or hawk 
flying over. Therefore, our results on the 
number of acorn woodpecker alarm calls in 
association with the California ground 
squirrel warning call may have been skewed  

and the effect of the California ground 
squirrel warning call may be even larger than 
indicated by our analysis.  

In accordance with our hypothesis that 
social calls and foraging behaviors would 
decrease, the acorn woodpeckers made 
fewer social calls after the California ground 
squirrel warning call was played compared 
to the control. However, there was no 
difference in their latency to make social 
calls or exhibit foraging behavior after 
hearing either sound. Acorn woodpeckers 
likely made fewer social calls because they 
became more alert to a potential predator 
(MacRoberts and MacRoberts 1976). The 
lack of difference in their latency to produce 
social calls and exhibit foraging behaviors 
may be because these behaviors are not 
directly related to whether or not an invader 
or a predator is present, compared to alarm 
calls which distinctly alert surrounding birds 
to potential predators. Therefore, when a 
predator is not present or their presence is 
not certain, acorn woodpeckers may be 
more likely to exhibit social calls or foraging 
behaviors.  

In contrast to our second hypothesis, the 
behavioral response of the acorn 
woodpeckers to California ground squirrel 
warning calls did not differ based on the 
number of acorn woodpeckers. This result is 
surprising because we expected the 
behavior of the acorn woodpeckers to align 
with the predator confusion hypothesis. 
Therefore, we expected to observe a faster 
and greater response to California ground 
squirrel warning calls when more 
woodpeckers were present. Instead, the 
acorn woodpeckers appear to use a different 
strategy where as long as an alarm call is 
sounded by one bird immediately and at 
least once, the rest of the group may be able 
to react accordingly (not necessarily by 
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repeating the call). This strategy may be 
another anti-predator adaptation (Griesser 
2013).  

A similar study which examined 
interspecific eavesdropping is Rainey et al.’s 
(2004) assessment of the black-casqued 
hornbill’s response to Diana monkey alarm 
calls. Rainey et al. (2004) observed black-
casqued hornbills sounding their own alarm 
and moving towards the direction of the 
Diana monkey alarm call. Rainey et al. (2004) 
explain these behaviors with the perception 
advertisement hypothesis, suggesting that 
black-casqued hornbills approach the 
location of the monkey alarm call in an effort 
to better locate the predator. The black-
casqued hornbill can then effectively 
examine where the predator might be and 
ensure that the predator knows that the 
hornbill is aware of it. We observed a 
marginal increase of acorn woodpeckers 
traveling to the tree where the California 
ground squirrel warning call was played. 
Since the response of the acorn 
woodpeckers to the warning call of another 
species is similar to the behavior of the 
hornbills, we may be able to explain these 
behaviors via the perception advertisement 
hypothesis. The acorn woodpeckers may fly 
towards the California ground squirrel 
warning call in order to investigate where 
the predator might be, and to advertise to 
the predator that its presence is known. 

While both acorn woodpeckers and black-
casqued hornbills are likely to sound an 
alarm of their own in response to the alarm 
calls of other species, this response is not 
consistent in all cases of interspecific 
eavesdropping. When Carrasco and 
Blumstein (2012) observed interspecific 
eavesdropping between two different 
species of mammals, they found that while 
mule deer (Odocoileus hemionus) responded 

to the alarm calls of the yellow-bellied 
marmots (Marmota flaviventris) by 
increasing their vigilance, they did not 
respond by vocalizing an alarm call of their 
own. These observations indicate that 
species can benefit from interspecific 
eavesdropping by responding in different 
ways, though most responses likely result in 
decreased risk of predation. 

As acorn woodpeckers likely benefit from 
eavesdropping on the warning calls of 
California ground squirrels via decreased risk 
of predation, our study may suggest a 
commensal relationship between the acorn 
woodpeckers and California ground squirrel. 
Commensalism is a relationship in which one 
species benefits and the other is affected 
neutrally (Leung and Poulin 2008). Since it is 
unknown how California ground squirrels 
are affected by the behavior of acorn 
woodpeckers we are unable to confirm this 
relationship. However, we may be able to 
affirm this relationship by studying the 
response of California ground squirrels to 
the alarm calls of acorn woodpeckers. If it 
were to be revealed that California ground 
squirrels benefit from the alarm calls of 
acorn woodpeckers in a similar manner 
rather than being neutrally affected, the 
relationship between the two could be 
described as mutualistic (where both species 
benefit) rather than commensal. Since other 
species of ground squirrel such as the golden 
mantled ground squirrel (Callospermophilus 
lateralis) have been shown to recognize and 
respond to heterospecific alarm calls, we 
would expect the California ground squirrel 
to react to the alarm calls of the acorn 
woodpecker (Shriner 1998). As the presence 
of the California ground squirrels may also 
negatively affect the fitness of acorn 
woodpeckers by competing for acorns, 
another study to further our understanding 
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of the relationship between the two species 
could incorporate an experimental design. In 
this design, we could remove the California 
ground squirrels from the territory of a 
group of acorn woodpeckers to examine if 
there is a change in the acorn woodpecker’s 
mortality rate or consumption of acorns, an 
test whether the presence of California 
ground squirrels is more beneficial or 
detrimental to the fitness of acorn 
woodpeckers. By examining the extent to 
which acorn woodpeckers eavesdrop on 
California ground squirrels, we gain an 
increased understanding of the role of 
interspecific eavesdropping and the benefits 
that may be gained by species which utilize it. 

ACKNOWLEDGMENTS 

Special thanks to Dr. Timothy Miller, Dr. 
Renske Kirchholtes, and Ph.D student and 
CEC TA Tanner Dulay for the indispensable 
guidance and help you provided us through 
the duration of this project. Another thanks 
to Sedgwick Reserve director Kate McCurdy 
for hosting us in her wonderfully maintained 
facilities and allowing us to carry out this 
study in a reserve as magnificent as 
Sedgwick. This work was performed at the 
University of California’s Sedgwick Reserve, 
doi 10.21973/N3C08R. 

REFERENCES 

Bolt, L. M. 2016. Predator Confusion Hypothesis. 
Pages 1–5 in V. Weekes-Shackelford, T. K. 
Shackelford, and V. A. Weekes-Shackelford, 
editors. Encyclopedia of Evolutionary Psychological 
Science. Springer International Publishing, London. 

Carrasco, M. F., and D. T. Blumstein. 2012. Mule deer 
(Odocoileus hemionus) respond to yellow-bellied 
marmot (Marmota flaviventris) alarm calls. 
Ethology 118:243–250. 

Curio, E. 1978. The adaptive significance of avian 
mobbing. Zeitschrift für Tierpsychologie 48:175–
183. 

Ficken, M. S. 1989. Are mobbing calls of Steller’s Jays 
a “confusion chorus”? (¿Son las llamadas de 
tumultos en Cyanocitta stelleri un “coro de 
confusión”?). Journal of Field Ornithology 60:52–
55. 

Fitch, H. S. 1948. Ecology of the California ground 
squirrel on grazing lands. The American Midland 
Naturalist 39:513–596. 

Fitzpatrick, J. W. 1987. Field guide to the birds of 
North America. Fourth edition. National 
Geographic, New York. 

Griesser, M. 2013. Do warning calls boost survival of 
signal recipients? Evidence from a field experiment 
in a group-living bird species. Frontiers in Zoology 
10:1–5. 

Grivet, D., P. E. Smouse, and V. L. Sork. 2005. A novel 
approach to an old problem: tracking dispersed 
seeds. Molecular Ecology 14:3585–3595. 

Koenig, W. D., and R. L. Mumme. 1987. Population 
ecology of the cooperatively breeding acorn 
woodpecker.  Monographs in Population Biology 
24. Princeton University Press, Princeton, NJ. 

Leung, T. L. F., and R. Poulin. 2008. Parasitism, 
commensalism, and mutualism: exploring the 
many shades of symbioses. Vie et Milieu 58:107–
115. 

MacRoberts, M. H. 1970. Notes on the food habits 
and food defense of the acorn woodpecker. The 
Condor 72:196–204. 

MacRoberts, M. H., and B. R. MacRoberts. 1976. 
Social organization and behavior of the acorn 
woodpecker in central coastal California. 
Ornithological Monographs 21:iii–115. 

McMahon, D. E., I. S. Pearse, W. D. Koenig, and E. L. 
Walters. 2015. Tree community shifts and acorn 
woodpecker population increases over three 
decades in a California oak woodland. Canadian 
Journal of Forest Research 45:1113–1120. 



  
 

 

CEC Research | https://doi.org/10.21973/N32T06   Fall 2021 Vol. 5 Issue 6 10/10 

Mooney, H., and E. Zavaleta. 2016. Ecosystems of 
California. Univ. of California Press, Berkeley, CA. 

Mumme, R. L., and A. de Queiroz. 1985. Individual 
contributions to cooperative behaviour in the 
acorn woodpecker: Effects of reproductive status, 
sex, and group size. Behaviour 95:290–313. 

Ordeñana, M. A., D. H. Van Vuren, and J. P. Draper. 
2012. Habitat associations of California ground 
squirrels and Botta’s pocket gophers on levees in 
California. The Journal of Wildlife Management 
76:1712–1717. 

Owings, D. H., M. Borchert, and R. Virginia. 1977. The 
behaviour of California ground squirrels. Animal 
Behaviour 25:221–230. 

Owings, D. H., and R. A. Virginia. 1978. Alarm calls of 
California ground squirrels (Spermophilus 
beecheyi). Zeitschrift für Tierpsychologie 46:58–70. 

Rainey, H. J., K. Zuberbühler, and P. J. B. Slater. 2004. 
Hornbills can distinguish between primate alarm 
calls. Proceedings of the Royal Society of London. 
Series B: Biological Sciences 271:755–759. 

Sapp, J. 1994. Evolution by association: A history of 
symbiosis. Oxford University Press. 

Schöner, M. G., C. R. Schöner, R. Ermisch, S. J. 
Puechmaille, T. U. Grafe, M. C. Tan, and G. Kerth. 

2017. Stabilization of a bat-pitcher plant 
mutualism. Scientific Reports 7:13170. 

Shriner, W. M. 1998. Yellow-bellied marmot and 
golden-mantled ground squirrel responses to 
heterospecific alarm calls. Animal Behaviour 
55:529–536. 

Silvestri, A., K. Morgan, and A. R. Ridley. 2019. The 
association between evidence of a predator threat 
and responsiveness to alarm calls in Western 
Australian magpies (Cracticus tibicen dorsalis). 
PeerJ 7:e7572. 

Stacey, P. B. 1979. Kinship, promiscuity, and 
communal breeding in the acorn woodpecker. 
Behavioral Ecology and Sociobiology 6:53–66. 

Stacey, P. B., and J. D. Ligon. 1987. Territory quality 
and dispersal options in the acorn woodpecker, and 
a challenge to the habitat-saturation model of 
cooperative breeding. The American Naturalist 
130:654–676. 

Terborgh, J. 1984. Five New World primates: A study 
in comparative ecology. Monographs in Behavior 
and Ecology. Princeton University Press, Princeton, 
NJ. 

Thompson, P. G., P. E. Smouse, D. G. Scofield, and V. 
L. Sork. 2014. What seeds tell us about birds: a 
multi-year analysis of acorn woodpecker foraging 
movements. Movement Ecology 2:12.

 


