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Abstract
The current study aimed to determine whether or not Geoffroy's marmosets have
referential alarm calls by analyzing both the acoustic properties of the calls given in
response to snake and perched raptor models (production criterion), as well as the
marmosets' behaviors in response to playbacks of those calls (perception criterion). I
predicted that the production criterion would be met, and that the marmosets would
demonstrate the perception criterion by modifying their behavior in ways that are
appropriate to the particular threats posed by raptors versus snakes. Discriminant
function analysis showed that the vocal responses to the predator models were, in
fact, different, therefore meeting the production criterion. Binomial tests confirmed
that the marmosets would look down in response to snake alarm calls and would
approach the speaker. Also as predicted, the monkeys did not approach the speaker
following raptor alarm calls, and they did tend to look up, but not significantly more
than was predicted by chance. All other hypotheses were not supported. The data
suggest that the marmosets' most immediate reactions to snake and perched raptor
alarm calls meet the perception criterion for referential communication, but alarm
calls in the absence of repeated announcement or confirmatory visual evidence of a
predator's presence may be dismissed as a false alarm, an interpretation that is
consistent with the marmosets' tendency to reduce the costs of unnecessary vigilance.
KEY WORDS: referential communication, Callithrix geoffroyi, alarm calls, captive
marmosets
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Are the Alarm Calls of Geoffroy's Marmosets (Callithrix geoffroyi) Functionally
Referential?
Animal Communication and Predation
Communication about the presence of predators can be critical for individual
survival. The ability to receive communication from conspecifics about the presence
of a predator, and in some cases about specific features of that predator, can help an
individual make decisions about how to react to the threat. However, antipredator
behaviors, such as vigilance, mobbing, freezing, or fleeing, take a significant amount
of energy and detract from the animal's routine (Caine, 1998). Time that could be
spent foraging or hunting is instead used to look out for predators and escape
predation. Therefore, an animal needs to be able to accurately assess potential risk
and make a decision that minimizes disruption of its normal routine (Caine, 1998).
Alarm messages that carry specific information about the nature of a threat can be
particularly useful to the receiver.
Vocal alarm calls are produced and received in situations where predators
have been detected by sight, sound, andlor smell. Alarm calls have been documented
in many species of mammals and birds. Referential alarm call systems occur when the
emitter produces different vocalizations in response to different predators, as opposed
to one or more vocalizations that signal danger but without regard to the specific
source of that danger.
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There are several reasons why some species evolve referential alarm systems
and others do not. Species that are preyed upon by predators whose hunting
strategies require different means of escape are more likely to have acoustically
distinct alarm calls (Macedonia & Evans, 1993; Seyfarth & Cheney, 2003b). For
example, vervet monkeys produce predator specific alarm calls in response to
leopards, eagles, and snakes (Struhsaker, 1967), and their escape strategies match the
hunting strategies of these predators: in response to eagles they climb down the tree
and scan the sky, in response to terrestrial predators they climb up the trees, and in
response to snakes they take an alert posture and scan the ground (Seyfarth, Cheney,
& Marler, 1980). Additionally, ecological differences may also contribute to the

development of referential alarm calls (e.g. openness of habitat). Animals with a twoplane habitat are more likely to have a referential alarm call system (Evans, Evans, &
Marler, 1993; Macedonia & Evans, 1993).
Production and Perception Criteria for Referential Alarm Call Systems
To demonstrate that a call is referential, the call needs to display specificity in
both production and perception. Production specificity refers to calls in which
information specific to a predator is encoded in the acoustic structures of the alarm
call. Perceptual specificity is demonstrated when, upon hearing the call, the receiver
responds with behaviors appropriate to that specific predator (Seyfarth & Cheney,
2003a; 2003b). Studies have demonstrated both production and perceptual specificity
of alarm calls in a variety of species, indicating that their alarm call systems are
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referential. For instance, referential alarm calls are used by suricates (Suricata
suricatta; Manser, 2001; Manser, Bell, & Fletcher, 2001), Gunnison's prairie dogs
(Cynomys gunnisoni; Slobodchikoff & Placer, 2006; Kiriazis & Slobodchikoff, 2006),
Campbell's monkeys (Cercopithecus campbelli; Zuberbiihler, 2001), Diana monkeys
(Cercopithecus diana diana; Zuberbiihler, Noe, & Seyfarth, 1997), and saddleback
and mustached tamarins (Saguinus fusciocollis and S. mystax, Kirchhof &
Hammerschmidt, 2006).
Production Specificity
In order to show that animals produce referential alarm calls, researchers need

to collect examples of the alarm calls for acoustic analysis. Calls are collected or
elicited in a variety of ways, including recording calls given in response to natural
predation events, recording calls given after the experimental presentation of live
predators or predator models, and/or recording the alarm calls given by animals after
hearing playbacks oftheir predators' vocalizations. For instance, Zuberbiihler (2001)
elicited alarm calls from male Campbell's monkeys by playing back leopard growls
and crowned hawk eagle shrieks. Evans, Evans, and Marler (1993) presented male
Sebright bantam chickens with video images of a hawk and a raccoon, and recorded
the chickens' ensuing alarm vocalizations. Kirchoff and Hammerschmidt (2006)
used a combination of natural predator encounters, presentation of a live dog, and
presentations of a stuffed ocelot to elicit alarm calls from two species oftamarins.
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Once the alarm calls are recorded, they can be analyzed in a variety of ways to
determine if calls meet the production criteria for referential communication. Various
software programs have been developed to determine and compare the acoustic
parameters of the calls given to different predators. These programs include
CANARY (Zuberbiihler, Noe, & Seyfarth, 1997; Manser, 2001; Zuberbiihler, 2001),
Cool Edit (Fischer, Hammerschmidt, Cheney, & Seyfarth, 2001; Randall, McCowan,
Collins, Hooper, & Rogovin, 2005; Slobodchikoff & Placer, 2006), AVIS OFTSASLab (Fichtel, Perry, & Gros-Louis, 2004), LMA (Fichtel et aI., 2005; Fischer,
Hammerschmidt, Cheney, & Seyfarth, 2001) and XWAVES (Zuberbiihler, Noe, &
Seyfarth, 1997).
Analysis of the parameters associated with the acoustic structures of calls
(e.g., minimum and maximum frequencies) is often conducted using discriminant
function analysis. Discriminant function analysis compares the patterns of the
relevant acoustic variables in each of many recorded calls and then assigns each call
to a category (e.g., terrestrial predator alarm call vs. avian predator alarm call). The
percentage of correct assignment is then used to determine if the acoustic structure
reliably varies, based on its best acoustical fit with one or the other category,
according to predator type. Other researchers have used custom acoustic analysis
software programs. For example, Slobodchikoff and Placer (2006), in their analysis
of Gunnison's prairie dog alarm calls, used a system of computer programs (including
MAT LAB and Java) created by Placer. This software translates the alarm calls into
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sequences of acoustic units that are assigned symbols. These sequences are then
searched for patterns that are associated with a specific predator and similarity
indexes are calculated (Placer & Slobodchikoff, 2004; Slobodchikoff & Placer,
2006).
Manser (2001) performed discriminant function analysis using 245 different
recordings of suricate (meerkat) alarm calls and found that the acoustic structure
varied according to predator type. Acoustic analysis ofthe alarm calls of Gunnison's
prairie dogs (Slobodchikoff & Placer, 2006) revealed that there was one acoustic
structure unique in calls given in response to coyotes, another structure unique in calls
given to domestic dogs, and six unique acoustic structures in the calls given to redtailed hawks. In another study, Zuberbuhler (2001) showed that Campbell's monkeys
alarm calls to hawk eagles and to leopards varied in duration, dominant frequency at
onset, and the frequency transition over the duration of the call. When other variables
were taken into account (predator distance, illumination, vegetation, amplitude, caller
and predator type), only predator type had a significant effect on the acoustic
variables.
Perceptual Specificity
In order to determine whether or not an animal's alarm calls given in response

to different predators are actually perceived as different by those listening to the call,
playback experiments are conducted. This involves playing alarm calls that were
elicited from conspecifics after exposure to two or more predators or predator classes;
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following playback, the behavior of the subjects is observed. Control conditions are
also typically included in the experiments; however the type of control used varies
widely. Some studies use recordings of other animal vocalizations (e.g. bird song),
while others have used recordings of ambient noise, squeaky toys, human voices, etc.
(Kirchoff & Hammerschmidt, 2006; Kiriazis & Slobodchikoff, 2006). The auditory
stimuli used in playback studies are typically edited in acoustic software to be
uniform in length and are played at a naturally occurring dB level. The stimuli are
then broadcast to the focal animal or group. The receiver's behavior is recorded
during and after the playback. This is most often done by videotaping a focal animal
for later viewing; however, some studies do have observers coding behavior at the
time of the experiment. The recorded behaviors vary depending on the researcher and
the species studied; however, they all aim to show that the animals respond with
behaviors that are appropriate for that particular predator. For instance, in a classic
playback study of primate communication, Seyfarth, Cheney, and Marler (1980)
played back alarm calls to two groups ofvervet monkeys. The calls were initially
recorded during natural predator encounters with leopards, eagles, and snakes.
Videotapes of the monkeys' reactions, as well as observer notes made in the field,
were reviewed later for response scoring. The following behaviors were coded and
analyzed: run into tree, run into cover, stand bipedally, run higher in tree, run out of
tree, look up, look down, and scan. If the monkeys were on the ground when the
playback was broadcast, the monkeys ran into the trees when hearing a leopard alarm
call, ran to cover and looked up when they heard eagle alarm calls, and looked down
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when they heard snake alarm calls (Seyfarth et aI., 1980). This supported the
hypothesis that vervet monkey alann calls meet the perception criteria of referential
communication.
In another representative study, Evans et aI. (1993) played back male Sebright
bantam alarm calls to female chickens. The alann calls were collected in response to
visual models (both picture and video) of a hawk silhouette (representing an aerial
predator) and a raccoon (representing a terrestrial predator). A control recording was
made by taking a section of background noise from another recording. Each subject
was recorded in each of the three conditions (hawk, raccoon, and control).
Prior to each trial, the chickens were placed in a cage that was modified to
include a section of twigs and brush (to represent a thicket) in one comer and a food
dish in the opposite comer. They were videotaped for one minute before playback
until 30 seconds after the hen returned to nonnal behavior. The researchers
conducted a blind analysis ofthe videotapes and coded the use of cover, visual
monitoring and posture of the hens. Use of cover was counted if the hen moved at
least three steps toward the cover without first moving in any other direction.
Direction and amplitude of all head movements were recorded as well as the hens'
posture at three time periods.
All alann call presentations elicited startle reactions from the hens, but they
ran to cover significantly more when played the alann calls given to the hawk.
Playbacks of calls given to both hawk and raccoon stimuli increased horizontal visual
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scanning compared to the background noise. Also, the hens were more likely to look
up after hearing the hawk alarm calls than when hearing the raccoon alarm calls.
Posture after the different playbacks was also distinct. After hearing a hawk alarm
call, the hens crouched, in contrast to the raccoon alarm calls, to which they stood
unusually erect (Evans et aI., 1993). Manser, Bell, and Fletcher (2001) found similar
results with suricates. In response to playbacks of calls given when faced with an
aerial predator, the suricates stopped foraging, looked up more frequently or ran to
the closest bolthole. In response to the terrestrial alarm calls, they stopped foraging,
approached the speaker, and gathered together before moving away. The time to
relax after a playback also differed between the predators, with time to relax after
aerial alarm calls being significantly shorter than after terrestrial alarm calls (Manser,
Bell & Fletcher, 2001).
Pseudoreplication

Pseudoreplication is a potential problem in playback studies (Kroodsma,
1986; Kroodsma, Byers, Goodale, Johnson, & Liu, 2001). Simple pseudoreplication
occurs when only one exemplar of a stimulus is used to test a hypothesis about all
stimuli of that class. One exemplar cannot represent the entire population and may
affect the results. For example, if only a single raptor model is used to elicit the
alarm calls that will serve as stimuli in a playback study, any reactions observed in
the subjects may be unique to that model, not to all raptors. Even when using multiple
exemplars, problems can occur when a single stimuli is used repeatedly. If there are
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twenty subjects and ten of them hear exemplar number one and ten hear exemplar
number 2, it could be argued that the N is two, not twenty. Failing to ensure
independence of data points is also a form of pseudoreplication, such as when
multiple subjects are observed in the same trial. Kroodsma (1986; and again in
Kroodsma et aI., 2001) suggests improvements for the experimental design of
playback studies. For example, a different playback "tape" should be created for each
playback trial to limit exposure and to decrease the effect one atypical recording has
on the results. At least two different exemplars of each class of interest (e.g., aerial
and terrestrial predators) should be used to elicit the alarm calls that will be used as
playbacks, and the playback stimuli should be generated from multiple callers. Also,
the observer should be blind to condition, focal subjects should be chosen randomly,
playbacks should be counterbalanced or presented randomly, and habituation, season,
weather, and other extraneous variables should be taken into consideration.
Antipredator Behavior of Callitrichids
New World monkeys are small to medium sized primates found in Central and
South America. Callitrichids are a family of New World monkeys consisting of
marmosets (genera Callithrix, Mico and Cebuella) and tamarins (genera Saguinus and
Leontopithecus). Geoffroy'S marmosets (Callithrix geoffroyi), used as subjects in this
study, is a tufted-eared marmoset species found in the Atlantic forest from Minas
Gerais to Espirito Santo, Brazil (Emmons, 1997). The marmosets are approximately
190 to 248 mm in body length and weigh 119g to nOg (Emmons, 1997; Ferrari &
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Lopes Ferrari, 1990). They are a social species living in groups of2 to 15 individuals
and covering territories of.5 to 5 ha (though one home range was documented at 23.3
ha; Passamani & Rylands, 2000). Marmosets are diurnal and feed on fruits, insects
and the exudates oftrees (gum). In the wild, approximately one third oftheir day is
spent feeding on gum. Although marmosets are primarily arboreal, they will come to
the ground to eat insects.
In the wild, callitrichid species probably suffer high rates of predation. They
have a variety of predators including hawks (Micrastur ruficollis, M semitorquatus,

Spizaetus ornatus, S. tyrannus), ocelots (Felis pardalis), and anacondas (Eunectes
murinus). Other potential predators also elicit avoidance responses, including tufted
capuchins (Cebus apella), raccoons (Procyon cancrivorus), and vultures

(Cathartidae) (Ferrari & Lopes Ferrari, 1990).
A field study of predator avoidance behavior in the buffy-headed marmoset

(Callithrix jlaviceps) found four distinct patterns of avoidance along with
corresponding vocalizations (Ferrari & Lopes Ferrari, 1990). The researchers
observed avoidance behavior in response to aerial predators and mobbing behavior in
response to terrestrial predators, with each response type having both a low and high
intensity reaction. A low intensity response to an aerial predator included an alarm
call (a short, soft whistle given with the mouth closed) that elicited upward scanning
in other group members. The high intensity response was an alarm call (a louder
whistle with the mouth half open), to which group members sometimes alarm called
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and immediately took cover and froze. A low intensity response to a terrestrial
predator included lower frequency alarm calls of various patterns and mobbing
behavior by other group members. The high intensity response included a repeated
alarm call (given much louder and with the mouth wide open) that elicited mobbing
and alarm calls by all group members. Although Ferrari and Lopes Ferrari (1990) is a
useful descriptive study, it did not quantify the antipredator behavior nor did it
conduct acoustic analyses of alarm calls.
Caine (1998) studied behavioral responses of captive Geoffroy's marmosets
when presented with predator models. The marmosets were presented with a plastic
owl, a plastic crow covered in black feathers and a cloth bag mounted on a pole. In
response to the model owl, the marmosets visually monitored the model and
increased their vigilance by moving around the enclosures and engaging in visual
searches. Even once the model was removed, the marmosets decreased play from
baseline and continued to look in the direction where the owl had been. No changes
were seen when presented with the cloth bag and no significant differences in
behavior were recorded when presented with the model crow (however there were
trends similar to those with the owl model).
Presentation of a predator model has also been shown to effect behavior the
following morning. Hankerson and Caine (2004) presented Geoffroy's marmosets
with a freeze-dried rattle snake or a similarly colored cloth (or a no-stimulus control)
behind a blind just before their normal retirement time. The researchers recorded
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their pre-retirement behavior as well as their behavior the following morning. For all
conditions, the marmosets checked behind the blind when the researcher placed (or
pretended to place) the stimulus. When a snake was present, the marmosets
responded with mobbing and alarm calls lasting for 10 to 15 minutes, and retired later
in the evening. This did not happen with either the cloth control or the no-stimulus
control. The morning following the presentation, the marmosets performed
significantly more and longer vigilance checks in the snake condition. In addition,
they took significantly longer to go to the ground (and stay for at least 10 seconds) on
those mornings following the snake presentations. The results show that the
marmosets are able to remember the location of a predator 12 hours after it was
detected and adjust their morning behavior accordingly.
Predator vocalizations also can elicit antipredator behavior in Geoffroy's
marmosets. Searcy and Caine (2003) played recordings of red-tailed hawk calls,
raven calls, and a power drill to the marmosets from speakers outside the enclosures.
In response to the hawk calls, the marmosets reacted with antipredator behaviors that
were consistent with those observed in wild marmosets including alarm calling,
locomotion, freezing and visual monitoring. The hawk calls elicited more alarm
calls, startle responses, longer freeze times, and use of safe areas than either the raven
calls or power drill recordings. This shows that marmosets are able to use auditory
information to avoid predators. However, no published studies to date have
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conducted playback studies of Geoffroy's marmoset alarm calls or analyzed the alarm
calls themselves.

Bezerra and Souto (2008) recorded the vocalizations and behavior of wild
common marmosets (Callthrixjacchus). They determined that the repertoire for this
species included 13 distinct vocalizations distinguishable by ear and spectrograph.
They also recorded the behaviors associated with each vocalization and matched them
with those reported in the previous literature. This study is very useful in describing
the repertoire, context in which the calls are given, age differences and comparisons
to captive populations. Of the 13 vocalizations, they identified 5 calls that are used in
the context of predation (Tsik, Tse, Egg, Alarm 1 and Alarm 2). In the absence of a
detailed repertoire of Geoffroy's marmosets, the Bezerra and Souto (2008) study can
be used as a reference.
The alarm calls of marmosets (Callithrix species) are likely to be referential.
For instance, they have a two-plane habitat, spending time both high in the trees and
near the ground. Their food sources are located throughout the habitat, with gum and
fruit in the trees and invertebrate prey on the ground. Also, the different predators of
the marmosets use various hunting strategies. Therefore marmosets must react to
their predators with different behaviors including fleeing, freezing, alarm calling,
mobbing, and scanning. For instance, when a red-tailed hawk flies over head, captive
Geoffroy's marmosets immediately dart for cover or freeze. However, when
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encountering a rattlesnake, they tend to converge in the vicinity, alarm call and
continually monitor the area until it is no longer a threat (personal observation).
In addition, at least one type of vocalization used by Geoffroy's marmosets
has already been shown to be functionally referential (Kitzmann & Caine, 2009).
Playbacks of food calls made by both groupmates and non-groupmates increased both
foraging and feeding behaviors. The marmosets increased their food-related
behaviors for at least 20 minutes after playback, suggesting that the call relays a
stimulus category ("food") that is perceived by listeners. The establishment of
functionally referential content in the vocal repertoire of this species strengthens the
prediction that they have the capacity to use and extract referential content in other
aspects of the repertoire as well.
Although alarm call playback studies have not been carried out with
marmosets, functionally referential alarm calls have been demonstrated in two closely
related species of tamarins (Saguinus fuscicollis and S. mystax; Kirchhof &
Hammerschmidt, 2006). Playback experiments consisted of recordings given to
aerial predators (recorded during natural predator encounters), alarm calls given to
terrestrial predators (recorded during live encounters and presentations of a live dog
or stuffed ocelot) and control sounds (including bird song, the observer's voice and
ambient noise). Some recordings were used in more than one trial, so that 10
recordings were used in 19 aerial playbacks, 11 recordings were used in 20 terrestrial

Referential Alarm Calls

17

playbacks, and 11 control recordings were used in 17 playbacks. The researchers
attempted to test each of 21 focal animals in all three conditions.
The researchers manipulated the playback recordings to be between 35 and 40
seconds long. This included an initial call series (8-9 seconds), a pause (20-25
seconds), and then the same call series again. The speaker was between 8 m and 12
m from the focal animals and the recordings were played at a natural volume. To
avoid habituation, the researchers waited at least one day before testing an individual
of the same group. Focal animals were videotaped during playbacks for later
analysis, with the recordings lasting about 1 minute (Kirchhof & Hammerschmidt,
2006).
The researchers measured the latency to first reaction, duration of total
looking (up, down, and other directions), and the direction of the first glance.
Kirchhof and Hammerschmidt (2006) found that both species oftamarins looked up
significantly longer in response to playbacks of alarm calls given to aerial predators
and down significantly longer in response to those given when faced with terrestrial
predators. For S. mystax, the direction ofthe first glance also corresponded to the
direction from which the predator would have attacked. This study was the first to
demonstrate the perception criteria of functionally referential alarm calls in New
World primates.
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The Current Study
The current study was designed to determine whether or not Geoffroy's
mannosets have referential alarm calls by analyzing both the acoustic properties of
the calls given in response to snake and perched raptor models (production criterion),
as well as the marmosets' behaviors in response to playbacks ofthose calls
(perception criterion). In the case of aerial predators (raptorial birds), callitrichids
face two different threatening contexts. Birds in flight pose the greatest danger as
they can attack at a high rate of speed and may not remain in view as they approach.
Personal observation and results from Searcy and Caine (2003) indicate that
Geoffroy'S mannosets issue just one brief alann call and then dive for cover in
response to dangerous birds in flight, a response (both vocal and locomotor) that is
very different from the response to snakes. A perched raptor, however, would not be
able to quickly attack at great speed and is in view of the monkeys at all times. In this
sense, a perched bird may pose a threat more similar to that of a terrestrial predator
such as a snake, which can be visually monitored. Therefore, it is of particular
interest to know ifthe alarm calls given to snakes are distinct from those given to
perched raptors. Past studies of referential alann calls have not always distinguished
between calls given in response to perched and flying raptors (e.g., Kirchhof &
Hammerschmidt 2006); my study will therefore add another important dimension to
research on alann calls and their referential content.
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Of additional importance is the relevance of this study to primate
conservation. The habitat of marmosets in southeast Brazil is under threat due to
development, farming, ranching and logging, and marmosets are also hunted for the
pet trade. If numbers of animals in the wild begin to decrease as a result of these
threats, reintroduction of captive born animals could be a possibility. One major
obstacle of successful reintroduction is predation (Beck, Kleiman, Dietz, Castro,
Carvahlo, Martins, Rettberg-Beck, 1991; McLean, Lundie-Jenkins, & Jarman, 1996;
Griffin, Blumstein, & Evans, 2000). Increased knowledge of the alarm call system
and antipredator behaviors of Geoffroy's marmosets could potentially help decrease
mortality in reintroduced populations.
Hypotheses

This study tested two general hypotheses: 1) the alarm calls given by the
marmosets in response to rattlesnake models and perched raptor models are
acoustically different from one another; 2) the marmosets will react differently in
response to playbacks of the snake and raptor calls. Specifically, when played an
alarm call made to a snake model, I predicted that the marmosets would take longer to
visit feeding platforms on the ground and spend less time per visit to the platforms,
than when played the alarm call made in response to the raptor models or the control
sound. However, when played alarm calls made to the raptor models, I predicted that
the marmosets would not hesitate to go to the platforms but would choose to remain
in areas with overhead cover when they are on the ground, thereby preventing attack
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from above. I expected no such preference for overhead cover in the snake call
condition. I also predicted that the marmosets would look up (raptor) or down
(snake) when first hearing the call playback. Additionally, because callitrichids
typically approach and mob snakes, I predicted that the marmosets would approach
the speaker upon hearing the alarm calls elicited by a snake, but not upon hearing
alarm calls elicited by perched raptors. Table 1 lists the specific dependent variables,
the associated predictions, and the statistical analyses that were used.
Methods
Subjects
The subjects for this study were two groups of captive-born Geoffroy's
marmosets (Callithrix geoffroyi). One group (the west group) was composed of eight
individuals: an adult male and his seven adult offspring (one male, six female). The
second group (the east group) was composed of four individuals: an adult female,
adult male, and their two juvenile offspring. Previous research shows there can be
age differences in both the production (Seyfarth & Cheney, 1986) and perception
(Hanson & Coss, 2001) of alarm calls. For example, studies with suricates show that
motivational information is developed before referential information (Hollen &
Manser, 2007), and a study of common marmosets showed that juveniles did not
produce alarm calls in response to birds (Bezerra & Souto, 2008). Therefore, the
vocalizations elicited from the juveniles were excluded from the acoustic analysis.
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Data gathered from the juveniles during the play back experiment were also excluded
from the analysis as it does not appear to be consistent with behavior of the adults.
The marmosets were housed in outdoor enclosures at the San Diego Zoo's
Institute for Conservation Research. The enclosures are located in an off-exhibit area
at the Wild Animal Park, surrounded by naturally occurring plants and wildlife.
Wildlife in the area includes but is not limited to red-tailed and red-shouldered hawks,
golden eagles, turkey vultures, coyotes, deer, rabbits, squirrels, mockingbirds, ravens,
egrets, rattlesnakes and lizards. The enclosures have eucalyptus branches, naturally
occurring weeds, and potted plants such as rosemary, ficus, olive, palm, and
honeysuckle. The enclosures measure 6 x 6 x 2.5 meters and are constructed of
galvanized wire mesh (1.3 x 2.5 cm) with a solid wall of aluminum shared between
the two groups. This prevented visual contact between the two groups, however they
were still able to hear and smell one another. Each enclosure has an extension, access
to which was used when recording the alarm calls but was restricted during the
playback study.
The marmosets were cared for by the keeper and veterinary staff at the
Institute for Conservation Research. They were fed three times daily, once at
approximately 6:30am, again at approximately 10:00 am, and once more at
approximately 1:30pm. Their diet consisted of biscuit gel, fruits (apple, banana,
grapes, and/or melon), vegetables (yam), gum, and live invertebrate prey (crickets
and/or mealworms). Normally the food was placed in hanging dishes within the
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enclosure. In addition, the marmosets captured naturally occurring prey such as
grasshoppers, crickets and spiders. The current study took place at the marmosets'
10:00am feeding three or more days per week. The amount and type of food given
was the same as their regular 10:00am feedings, but was split between more food
dishes and presented to the marmosets in a different manner (on the platforms
described below).
Materials and Stimuli
Recording Apparatus and Models

For the playback study, all recordings of marmoset alarm calls were made
using a Marantz PMD660 Portable Solid State Recorder, Sennheiser directional
microphone (ME 67), and a Windschutz Windscreen. The marmosets' own alarm
calls were recorded in response to two freeze-dried rattlesnakes of different species,
two plastic owls, and a taxidermied prairie falcon (all perched). The owls were 41.9
cm tall. Both were shaped and painted to resemble a great-homed owl (Bubo
virgin ian us) but one was darker in color. The taxidermied prairie falcon (Falco
mexicanus) was enclosed in a 33 x 43.8 x 28.6 cm Plexiglas box and stood about 15.2

cm from talons to back. All of these species are found naturally in the San Diego
area. The freeze-dried rattle snake in a coiled position measured about 15 cm in
diameter. The second rattlesnake model was in a rearing position, measured about 12
cm across and stood approximately 17 cm tall.
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Eliciting Alarm Calls from the Marmosets
In order to obtain recordings of alarm calls given to the snake models, a
marmoset was temporarily isolated in the extension of the enclosure. A research
assistant then placed one ofthe snake models .6 m from the extension while the
researcher began recording from a distance of 1.5 m. Alarm calls from seven
different marmosets in response to one or both snakes generated useable sound files.
To obtain recordings of alarm calls given in response to the perched raptor models, a
research assistant placed a model on top of a nearby structure (approximately 3 m
away from the extensions). It was impossible to restrict the view of the model to just
one marmoset, but often it was possible to determine which marmoset was calling. In
this way we were assured that we had alarm calls from a variety of marmosets. We
elicited usable sound files from at least five marmosets in response to three bird
models. In order to avoid habituation, the recordings were collected over a three
month period. Recordings of ambient noise in the marmosets' surrounding
environment were used as control stimuli.
Procedure
Procedure for testing hypothesis one
To test the hypothesis that marmoset alarm calls met the production criterion,
spectrograms were generated using RavenPro 1.4 (Cornell Laboratory of
Ornithology, Ithaca New York: 512 sample Fourier transformation with a Hann
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window function; filter bandwidth 135 Hz; frequency resolution 93.8 Hz; grid time
resolution 2.13 ms). The equipment (PMD660) used to make the initial recordings
has a sampling rate of 48 kHz (16 bits accuracy), which means that it can record up to
24 kHz. Based on visual inspection of the spectrograms, it appeared that some of the
marmosets had vocalizations (in response to the snake models) with harmonics at
frequencies above 24 kHz, which has not been previously documented. Since the
entire vocalization was not recorded, only the features of the fundamental frequency
were measured. Additional recordings were made using a Marantz PMD 661 with a
sampling rate of96 kHz (24 bits accuracy) to show the full vocalization (see Figure
1) but were not used in the analyses. Individual alarm calls with low levels of
background noise were extracted and combined into a file stream for ease of analysis.
All alarm calls in the file stream linked back to the original file, so there was no
confusion about the original source. There were two file streams used: snake
responses and bird responses (all recorded at a sampling rate of 48 kHz).
To compare the two types of calls, measurements ofthe fundamental
frequency including duration and peak frequency were measured in Raven 1.4. In
order to get accurate measurements, the fundamental frequency of each call was
divided into .005 second time slices. This allowed me to get multiple measurements
of peak frequency throughout the duration of the call, as well as more accurately
assess duration. Duration was assessed by getting a measurement of center time for
the beginning and end time slices and SUbtracting. This allowed for a more objective
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measure of duration. The change in peak frequency was measured at several points:
start-end, start-maximum, maximum-end.
(a} Recordings ""ith a 48 kHzsampling rate.

Snake-elicitedAlarm Call

Perched Raptor-elicited Alarm Ca II

fbi Recording witha 96kHz sampling rate.
Snake-elicited Alarm Call

Figure 1. Spectrograms of the different call types emitted during predator model

presentations.
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Procedure for testing hypothesis two
Creation of auditory stimuli. To test the hypothesis that marmoset alarm calls
met the perception criterion, the sound files described above were edited using
RavenPro 1.3 (Charif, Clark, & Fristrup, 2004) in order to create 32 playback stimuli
(12 corresponding to the snake condition, 8 to the raptor condition, and 12 to the
control condition). Kroodsma (1986; 2001) advises that a different recording be used
in every play back trial. However, it was not possible to create 12 different stimuli
from the perched raptor-elicited calls. Instead 8 different stimuli were used in the 12
perched bird trials. The procedure described below for creating the stimuli was
derived from and is consistent with published studies of alarm call playbacks. The
goal of the procedure was to create stimuli that retain as much realism as possible
while including as much experimental control as possible.
Each of the 32 playback stimuli were edited so as to be 30 seconds long and
the rate of alarm calls within each stimulus was edited to fall within the range of
average rates of calling observed in the sound files. Preliminary analyses suggested
that the marmosets called at approximately the same rate to perched rap tors and
snakes, which allowed us to control that variable across the two experimental
conditions. Some sound files were long enough to generate two different playback
stimuli. Playback stimuli were also edited to remove loud extraneous noise. In some
instances, ambient noise between individual calls was reduced in amplitude to
increase the salience of the alarm calls themselves.
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Each playback stimulus was put on a separate CD and clearly labeled (e.g.,
snake-elicited call #1). During experimental trials the calls were played back to the
marmosets at a distance of four meters from a portable CD player whose volume
control remained the same for each trial. The volume I selected presented the calls at
an amplitude that is typical of alarm calls we hear in response to naturally occurring
predators in the area.
Playback procedure. Each marmoset served as a focal animal once under each
of the three conditions (snake, perched raptor, and control). One marmoset served as
a focal animal during each trial. The order ofthe focal subjects and playback stimuli
was randomly determined prior to the onset of the study. An observer videotaped the
focal marmoset, and later coded the data. This took approximately twelve weeks with
three or four trials per week. The observer was blind to condition, using both
earplugs and noise cancellation headphones to block out the sound of the playbacks.
A research assistant, who was not blind to condition, played the recordings.
Immediately following playback, food dishes with equal amounts of food were placed
in the enclosure by the research assistant. Half of the food dishes were under cover (a
.6 m by .6 m wooden platform with a .6 m by .6 m cover), while the other were
uncovered (a.6 m by .6 m wooden platform without cover). The location of the food
platforms were counterbalanced to control for preference of any particular location by
the marmosets. To prevent food competition, two dishes were used in the east group,
while four dishes were used in the west group. The order of placement was also
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counterbalanced to ensure that no particular food dish was placed down first every
time. The marmosets typically eat their food from hanging dishes in the enclosures,
however, pilot observations confirmed that the marmosets did indeed go to the
platforms to obtain their food.
The camera began recording prior to the playback and continued for 10
minutes after the dishes were placed. The behaviors that were scored from the tapes
are given in Table 1. These behaviors were coded with the sound muted, so that the
researcher did not know which condition she was viewing. All tapes were scored by
the same person (MP). Initial vertical gaze was too difficult to code with the tapes
muted, so two research assistants who were blind to condition and not aware of the
details of the study were recruited to code this behavior.
Analysis Plan

For the acoustic analysis, a discriminant function analysis (DFA) was run
using SPSS 17.0. The DFA classifies each call to its appropriate group or to another
group based on the interaction of the variables provided. The variables used in the
analysis were measures of the fundamental frequency (duration, onset and end peak
frequency, highest peak frequency, and change in peak frequency-onset to highest,
highest to end, onset to end). For the playback experiment, see Table 1 for a list of
predictions and their respective statistical analyses.
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Results
Hypothesis 1.' Production Criterion

Visual inspection of spectrograms and discriminant function analysis (DF A)
were used to test whether or not the marmoset alarm calls met the production criterion
(i.e., that the calls themselves are acoustically distinct). Upon visual inspection the
alarm calls elicited by snakes and perched raptors appeared to vary on the parameters
chosen (start, max, and end peak frequency, frequency change, and duration of the
call). In order to confirm that these parameters could distinguish between the two call
types a direct discriminant analysis was performed using the seven acoustic
parameters as predictors of membership in two groups. The predictors included the
peak frequency at the start of the call, maximum peak frequency, peak frequency at
the end of the call, frequency change between start, maximum and end, and duration
of the call. The groups were snake-elicited alarm calls and perched raptor-elicited
alarm calls.
There were 185 alarm calls pulled from the original recordings (139 snakeelicited alarm calls and 46 perched raptor-elicited alarm calls). There were no
problems with missing data or outliers, so all 185 calls were used in the analysis. The
assumptions of normality, co linearity, and homogeneity ofvariance/covariance were
evaluated. Kolmogorov-Smimov tests of normality found that peak frequency at the
end ofthe call, change in frequency between the start and maximum, and between the
start and end violated normality, p < .05. However, DFA is robust to violations of
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nonnality. Since there were more than 20 cases in the smallest group (46 perched
raptor-elicited calls) which exceeded the number of predictors (7), I proceeded with
the analysis. From inspection of the covariance matrices there appeared to be
violations of homogeneity ofvariance/covariance for the remaining predictors, p<
.001. However, the predictors were measured in different units (frequency in Hz and
duration in seconds) which made the matrices difficult to interpret. Three predictors
(frequency changes between the start, maximum and end ofthe call) were not used in
the analysis due to violations of co linearity (tolerance levels < .001). In addition, the
typical use of the test assumes independence of observations which was violated in
this study. Individual marmosets contributed multiple cases for all predictors (see
Table 2 for the contributions of each mannoset). The purpose of this analysis was not
to explore all possible differences in these two call types (snake- and raptor-elicited)
but to confinn that the two calls varied on the parameters that appeared to differ upon
visual inspection. Therefore, analysis was continued despite the violations of these
assumptions.

Referential Alarm Calls

32

Table 2
Calls Contributed to the Acoustic Analysis
~{anru)sets

O'r Grou.p

April

Num.b$C of" calls

17

121'19/2008
12/U" 12l191'0S

lune

15
19

Pop

35
11

Thursday

12/23/2008

23
Raptor-eliei'ted Calls

20

Thursday

2l27/2009

2l:W. 3/4/09

East Group

5

2l20l2009

West Group

1

1/5/2009

l\.hylThur.sday

1/15l2009
12/22/2008

Note. When recording the raptor-elicited alarm calls, it was not always possible to determine
the identity of the caller. In some cases, no caller was identified in which case the group is
listed as the contributor. In other cases, the identity of the caller was narrowed down to two
individuals, which are both reported as the contributor.

One discriminant function was calculated,

r (4)

=

228.67, P < .05, Wilks'

lambda = .28, accounting for 100% of the between-group variability. The structure

--

-

------------
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(loading) matrix of correlations between predictors and the discriminant function (see
Table 3) suggests that all four predictors distinguish between snake and raptorelicited alarm calls (loadings> .2), though the best predictor is peak frequency at the
start of the call (.59). Snake-elicited calls have a higher peak frequency at the start of
the call (M= 10061.6, SD = 1775.06) and higher maximum peak frequency (M=

10486.5, SD = 2025.1) than raptor-elicited alarm calls (M= 6572.69, SD = 999.87,
and M = 7960.59, SD = 1391.49 respectively). However, the snake-elicited calls have
a lower peak frequency at the end of the call (M= 2231.77, SD = 1218.21) than
raptor-elicited calls (M= 3421.87, SD = 1164.03). In addition, the snake-elicited
calls are longer in duration (M = .06, SD = .01) than the raptor-elicited calls (M = .04,

SD = .01). See Figures 2-5 for the frequency distributions for each parameter and
Figure 6 for casewise discriminant scores on function 1.
Table 3

Discriminant Function Structure Matrix and Means of Predictor Variables
Raptor-elicited Calls
(N=46)

Correlations
with
Discriminant
Function

Snake-elicited Calls
(N=139)

PFStart

0.59

10061.6 (1775.06)

6572.69 (999.86)

Duration

0.47

.056 (.013)

.036 (.007)

PFMax

0.37

10486.5 (2025.1)

7960.59

PFEnd

-0.27

2231.77 (1218.21)

3421.87 (1164.03)

Predictor
Variable

M (SD)

M (SD)

(1391.49)
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Figure 6. Discriminant scores for each type of call on function 1.

A jackknifed (leave-one-out) classification process was run usmg sample
proportions (75% snake- and 25% raptor-elicited calls) as prior probabilities (.751
and .249). For the total of 185 alarm calls used, 179 (96.8%) were classified correctly
compared with 114 (62%) who would be correctly classified by chance alone. Only 4
of the snake-elicited calls and 2 of the raptor-elicited calls were incorrectly classified
with 97.1% (135) and 95.7% (44) classified correctly. The stability of the
classification process was checked by cross-validation.
cases, 96.2% (178) were correctly classified.

For the cross-validation

This indicates a high degree of

consistency in the classification process. Only 5 of the snake-elicited calls and 2 of
the raptor-elicited calls were classified incorrectly with 96.4% (134) and 95.7% (44)
classified correctly.
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Hypothesis 2: Perception Criterion

Various tests were used to examine the hypothesis that mannoset alarm calls
meet the perception criterion (i.e., that the mannosets react differently in response to
playbacks of the snake and raptor calls). Prior to analysis the normality of all
dependent variables was tested using Kolmogorov-Smimov tests of normality. No
variables violated the assumption of normality, p > .05.
Initial responses to playbacks
Approach to speaker. Predictions were made regarding approach to speaker

during the playback period. Because callitrichids tend to mob snakes but not birds, I
predicted that the marmosets would approach the speaker (more than chance) when
played a snake-elicited alann call and would not approach the speaker (more than
chance) following the raptor-elicited alarm call. Two exact binomial tests tested
these predictions. The mannosets had 3 options of movement when the sound was
played: move towards the sound (approach), move away from the sound (no
approach) or do nothing (no approach). Therefore, the expected ratio of approach
responses for the marmosets was 1 approach: 2 no approach. For the ten trials (one
for each of the marmosets), the expected number of approach and no approach
behaviors during playbacks would be 3.33 and 6.67 respectively. During playback of
the snake-elicited alann calls, I observed 9 approaches and 1 non-approach to the
speaker (p < .05). However, during playback of the raptor-elicited alarm calls, I
observed only 6 approaches and 4 non-approaches to the speaker, p > .05.
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Vertical gaze. I also predicted that the marmosets' first vertical gaze upon

hearing the playback would be up for the raptor but down for the snake. Results from
two exact binomial tests partially support this prediction. For the ten trials, the
expected number of up and down looks during playbacks was 5 and 5 respectively.
Therefore, the expected ratio of approach responses for the marmosets was 1 up : 1
down. During playback of the snake-elicited alarm calls, the first vertical look was
down in 9 cases and up in 1 case, p < .05. During playback ofthe raptor-elicited
alarm calls, I observed 7 initial looks up and 3 initial looks down. However, this
difference failed to reach significance (p>.05). The overall vertical gaze of the
marmosets for the first 5 seconds of the playback generated identical results as for the
initial vertical gaze direction.
Behaviors occurring in the 10 minutes following playback
Initial platform choice. First, I predicted that the marmosets would choose an

initial platform to visit based on the type of playback heard. Specifically, I predicted
that when played the alarm call elicited by a raptor, the marmosets would initially
choose a covered platform on which to eat. I predicted that there would be no
differences in platform choice for the snake condition.
For the ten trials, the expected number of initial covered and uncovered
platform choices was again 5 each. The expected ratio of initial platform choice for
the marmosets was therefore 1 covered platform: 1 uncovered platform. During
playback of the snake-elicited alarm calls, I observed 3 initial covered platform
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choices and 7 initial uncovered platform choices (exact binomial test, p > .05).
However, there was also no preference shown for platform type in the raptor
condition. During the playback of the raptor-elicited alann calls, I observed 4 initial
covered platform choices and 6 initial uncovered platform choices, p > .05.
Delay and duration of initial visit. I predicted that after being played an alarm

call made to a snake model, the marmosets would take longer to go to a platform and
spend less time per visit to the platforms, than when played the alarm call made in
response to the raptor models or the control sound. The marmosets did in fact take
longer (in seconds) to go to the platforms in the snake condition (M = 77.9, SD =
140.02), than in the bird condition (M= 44.1, SD = 49.69), and control condition (M
= 54.6, SD = 55.26, see Figure 7). However, a repeated measures ANOV A (with a
Greenhouse-Geisser epsilon correction) showed that the differences were not
significant, F (1.106,9.957) = .396,p > .05, R 2=.042. Even though the results were
not significant, paired samples t-tests were run to specifically test differences between
each of the experimental conditions and the control condition. There were no
significant differences in the delay times between the snake and control conditions (t
(9) = .54, P > .05) nor between the bird and control conditions (t (9) = -.75, P > .05).
It was also predicted that there would be differences in the time spent on the initial

platform across the three conditions. Specifically, it was thought that the mannosets
would spend less time on the initial visit to a platform in the snake condition than in
the raptor or control conditions. The results of a repeated measures ANOVA showed
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no significant differences, F (2, 18) = .628,p > .05, R2=.065. The marmosets did not
spend more time on the platforms during the initial visit in the snake condition (M =
61.4, SD = 79.83) than in either the bird (M = 36.9, SD = 61.24) or control conditions
(M = 31.5, SD = 46.60; see Figure 7). Despite non-significant results, paired sample

t-tests were run to specifically test for differences between each experimental
condition and the control condition. As with the delay variable, there were no
significant differences (snake/control: t (9) =1.28, P > .05; bird/control: t (9) = .20, p
> .05).
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Figure 7. Average delay and duration (in seconds) of the imtial platform visit in each

condition (snake, bird and control). Error bars represent one standard error above and
below the mean.

Referential Alann Calls

41

Platform usage during the entire trial period. It was also predicted that after

hearing an alarm call made to a snake model, the mannosets would spend less time
per visit to the platforms, than when played the alarm call made in response to the
raptor models or the control sound. This prediction was not supported. The
mannosets did not spend less time per visit to the platforms in the snake condition (M
= 53.7, SD = 42.48), than the bird condition (M = 31.03, SD = 19.43) and the control
condition (M = 33.63, SD = 34.68), F (2, 18) = 1.899, p > .05, R2=.174. Furthermore,
when I limited the analysis to behavior that occurred only in the first minute after the
food dishes were placed on the platform, there were not differences across conditions
in duration of all platform visits (see Figure 8).
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Figure 8. Average time spent (in seconds) on the feeding platforms in each condition

for the full ten minute trial and the first minute only. Error bars represent one
standard error above and below the mean.
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After hearing alarm calls made to the raptor models, I predicted that the
marmosets would not hesitate to go to the platforms but would choose to eat from
food bowls on platforms in areas with overhead cover, thereby preventing attack from
above. I expected no such preference for overhead cover in the snake call or control
condition. Paired samples t-tests showed no significant differences in the total
amount of time spent per visit at the covered and uncovered platforms in all three
conditions. When the snake-elicited alarm calls were played, the marmosets did not
spend significantly more time on the uncovered platforms (M = 66.55, SD = 72.78)
than the covered platforms (M = 36.48, SD = 31.20), t (9) = -1.314, p > .05. There
were also no significant differences when the bird-elicited alarm calls were played
(Covered: M = 22.28, SD = 21.04; Uncovered: M = 34.64, SD = 29.91), t (9) = 1.202,p> .05. Also, no differences were found in the control condition. The

marmosets spent slightly more time at the covered platforms (M = 33.58, SD = 46.59)
than the uncovered platforms (M = 26.79, SD = 33.24), t (9) = .380,p > .05.
Furthermore, when I limited the analysis to behavior that occurred only in the first
minute after the food dishes were placed on the platform, there were not differences
across conditions in the type of platforms used (see Figure 9).
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Figure 9. Average time spent (in seconds) on the covered and uncovered feeding
platforms in each condition for the full ten minute trial and the first minute only.
Error bars represent one standard error above and below the mean.
Discussion
Referential alann call systems occur when the emitter produces different
vocalizations in response to different predators, as opposed to one or more
vocalizations that signal danger but without regard to the specific source of that
danger. Referential alanncalls have been shown in a number of species of mammals
(e.g. tamarins, vervet monkeys, and suricates) and birds (e.g. chickadees and
chickens) (Kirchhof & Hammerschmidt, 2006; Manser, 2001; Manser, Bell, &
Fletcher, 2001; Seyfarth, Cheney, & Marler, 1980; Struhsaker, 1967; Evans, Evans, &
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Marler, 1993; Templeton, Greene, & Davis, 2005) and have been linked to the habitat
and escape strategies, as well as predator hunting strategies (Macedonia & Evans,
1993; Seyfarth & Cheney, 2003b). To demonstrate that a call is referential, the call
needs to display specificity in both production and perception. I predicted that alann
calls given by Geoffroy's mannosets to snake and perched raptor models would meet
both the production and perception criteria.
Production Criterion Hypothesis
Production specificity refers to calls in which information specific to a
predator is encoded in the acoustic structure of the alann call (Seyfarth & Cheney,
2003a, 2003b). In the current study, snake-elicited and raptor-elicited alarm calls
were recorded from the mannosets. In order to confirm my prediction that there are
acoustic differences between the calls that should allow the mannosets to differentiate
between them, I chose four basic acoustic properties that appeared (both from
listening to the calls and inspecting the spectrograms) to differentiate between them.
Discriminant function analysis confirmed that duration and measurements of peak
frequency (start, maximum, and end) do indeed consistently distinguish between the
two alarm call types. This supports the hypothesis that Geoffroy's mannosets
produce acoustically different alann calls in response to snakes and perched raptors.
Furthermore, this suggests that the mannosets have multiple acoustic cues (at least
four) that they can use to perceive that a call is in reference to a particular threat. The
data also show for the first time for any animal species that calls given to perched (as
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opposed to flying) rap tors are indeed different than calls given to a terrestrial
predator.
Perception Criterion Hypothesis

Perceptual specificity is demonstrated when, upon hearing the call, the
receiver responds with behaviors appropriate to that specific predator (Seyfarth &
Cheney, 2003a; 2003b). In order to determine whether or not an animal's alarm calls
given in response to different predators are actually perceived as different by those
listening to the call, playback experiments are typically conducted. If the behavioral
responses to the alarm calls are appropriate for that particular predator, there is
evidence of referential communication. Behaviors observed during the actual
playback (vertical gaze and approach behavior in the current study) are particularly
important measures as they are the most immediate responses to the potential threat.
Approach to speaker. As predicted, the marmosets approached the speaker

significantly more than chance upon hearing the snake-elicited alarm calls. This
corresponds with the natural behavior of the marmosets during an actual snake
encounter, and therefore suggests that the alarm calls given in response to snakes
carry information about the identity of the predator that the listener indeed perceives.
Both personal observation and previous literature (Ferrari & Lopes Ferrari, 1990;
Hankerson & Caine, 2004; Bezerra & Souto, 2008) show that callitrichids tend to
converge in the area where a live or model snake is present and continually monitor
that snake until the threat is gone. This may suggest that the alarm calls in response
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to the snakes serve not only as indicators of a snake's presence, but also as
recruitment or mobbing calls, which is consistent with what has been observed in
wild populations of marmosets (Callitrixjlavicep;, Ferrari & Lopes Ferrari, 1990; C.

jacchus, Bezerra & Souto, 2008). Also as predicted, the mannosets did not approach
the speaker when a raptor-elicited alarm call was played. This is the appropriate
response to a raptorial attack, as the most adaptive response to birds of prey is to hide,
especially when the location ofthe bird is unknown. However, Ferrari and Lopes
Ferrari (1990) witnessed an adult buffy-headed marmoset (C.jlaviceps) approach a
perched American kestrel (Falco spaverius) and reported that similar behavior has
been observed in Saguinus oedipus and C. humeralifer. In the current study, 4 out of
10 marmosets did approach the speaker following the raptor-elicited call. Notably,
the raptor playbacks in the current study were elicited from perched raptor models.
Perched raptors do not represent the same level of threat as moving raptors, and may
be worthy of closer visual inspection.
Habituation could be another possible explanation for the fact that 4 out of 10
mannosets approached the speaker following the raptor-elicited call. However, this
seems to be unlikely as the four trials in which the approach to speaker occurred were
not concentrated at the end of the playback study, but were spread throughout. One
approach to speaker occurred in March, two occurred in May, and one occurred in
June.
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Vertical Gaze. Gaze direction in response to an alann call is one ofthe most
common variables measured in alann call research. In the current study, marmosets
looked down upon first hearing the snake-elicited alann call, and continued to look
down over a 5 second period. This corresponds with the likely direction of an attack
(from the ground) and makes it likely that the marmosets associate that alann call
specifically with the threat of a snake or other terrestrial predator (see below). When
hearing the raptor-elicited alann calls, 7 of the 10 mannosets did look up but the pvalue failed to reach significance. Identical results were found when looking at the
vertical gaze over the first 5 seconds; the seven mannosets that initially looked up
continued to look up over the next five seconds. However, three mannosets looked
down upon hearing the raptor-elicited call, which was unexpected. It does not appear
that the downward gaze direction in the raptor condition was a result of habituation;
the 3 trials in which the mannosets looked down were not concentrated at the end of
the study (one occurred in March, one in April and another in June).

The direction of likely attack may explain the three instances of downward
gaze. It was assumed at the outset of the study that the mannosets would look up in
response to alarm calls elicited by any aerial predator regardless of whether the
predator was perched or flying. Although flying raptors would typically be flying
overhead, it is possible that a raptor could be perched in a position that is lower than a
mannosets' own position. In fact, the perched model was presented at 68.6-91.4 cm
above the ground which was about level with the middle of the mannoset enclosures.
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Of course it is not known if the alann calls given in response to perched rap tors differ
in content from those given in response to flying raptors, nor is it known if any
information about the exact location of the raptor (e.g., height, distance) is encoded in
those alarm calls. Mathot, van den Hout and Peirsma (2009) did look at differential
responses of red knots (Calidris canutus) to perched and flying aerial predator models
(Eurasian sparrowhawks, Accipiter nisus). Based on the red knots' escape response
times and vigilance, the authors concluded that red knots did indeed perceive the
perched model and flying model to be different threats. Though this study was
conducted with a bird species and looked at responses to sightings of predators, not to
the alann calls elicited by those predators, the results provide evidence that at least
some prey species may respond differently to perched and flying raptors.

Platform use (foraging) behaviors. In addition to predictions about behaviors
that occurred during the playbacks (vertical gaze and approach), I predicted that the
marmosets would modify their typical foraging behaviors after hearing alarm calls.
Foraging took place on feeding platforms that were placed on the ground. Specific
predictions were made regarding the mannosets' choice of feeding platform, latency
to feed, and how much time they spent on the feeding platforms. I predicted that the
mannosets would forage under covered platforms after hearing the raptor-elicited
alarm calls but that there would be no preferred platform in the snake and control
conditions. I also predicted that the mannosets would take longer to go down to the
platforms and would spend less time at the platforms in the snake-elicited alann call
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condition compared to the raptor and control conditions. However, the conditions did
not significantly differ.
Did the predicted differences not occur because the marmosets failed to
perceive the two kinds of alarm calls as referring to different predators, or did the
alarm calls simply fail to concern the marmosets once the calls were over and no
predator was sighted? Antipredator behaviors, including vigilance, take a significant
amount of energy and detract from the animal's routine (Ferrari & Ferrari Lopes,
1990; Caine, 1998; Dacier, Maia, Agustinho, & Barrios, 2006). Time that could be
spent foraging, traveling, caring for offspring or socializing is instead used to detect
predators and escape predation. Therefore, prey need to be able to accurately assess
potential risk and make decisions that minimize disruption of their normal routine
(Caine, 1998). In the absence of visual confirmation ofthe predator or continual
alarm calls from group members, the alarm call playbacks may have been dismissed
as false alarms; the marmosets then continued their foraging behavior as if the threat
had passed (or had not materialized). This interpretation is supported by the lack of
significant differences in foraging behavior between the experimental and control
conditions.
In sum, a reasonable interpretation of my results from the perception criterion
part of the study is that, based on the gaze and approach data, the marmosets'
behavior does provide evidence for the perception criterion, but the absence of visual
confirmation of the threat once the playbacks were over rendered the additional
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variables (platform use) ineffective in testing the perception hypothesis. Previous
research with other species has concluded perceptual specificity using immediate
responses only (Kirchof & Hammerschmidt, 2006; Seyfarth, Cheney, & Marler,
1980; Zuberbiihler, Noe, & Seyfarth, 1997). For example, Kirchofand
Hammerschmidt (2006) demonstrated that saddleback and moustached tamarins used
functionally referential alarm calls based on the direction and duration of looking
during alarm call playbacks. The immediate perceptual evidence in the current study,
combined with the acoustic production evidence discussed above, provides strong
support for a referential alarm call system in Geoffroy's marmosets (c. geoffroyi).
When combined with previous literature on referential food calls (Kitzmann & Caine,
2009), my results begin to show the complexity of the vocal repertoire of Geoffroy's
marmosets.
One may wonder whether the marmosets' reactions to alarm calls given in
response to particular predators are learned or innate. The current study was not
designed to address this question. Future research with captive animals living indoors
under controlled conditions could in fact present calls to marmosets who are known
to be naIve to any past experience with predators or alarm calls to those predators.
Personal observation of very young marmosets from the colonies at the Wild Animal
Park suggest that they do react fearfully to alarm calls but in a generalized way. They
appear to watch adults before making any particular responses. Furthermore, the
alarms calls produced by immature marmosets seem to lack the acoustic specificity of
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the calls produced by adults. This would seem to suggest that marmosets have some
innate reactions to predators and to the calls given by conspecifics in response to
those predators, but learning takes place that modifies those behaviors. These
observations appear to be consistent with the alarm call development of other species
(Hollen & Radford, 2009); however, these speculations and anecdotal observations
need to be verified in controlled studies of marmosets.

Limitations
There were some limitations of this study that may have affected the results.
First, the alarm calls used in the playbacks may not have included all of the necessary
acoustic information. The equipment used to make the initial recordings that were
later cut down for playback (PMD 660) has a sampling rate of 48 kHz, which means
that it can record up to 24 kHz. Based on later inspections of the spectrograms, it
was clear that some of the marmosets had vocalizations (in response to the snake
models) with harmonic frequencies above 24 kHz. In addition, CDs have a sampling
rate of 44.1 kHz which means that they only play frequencies up to 22 kHz. Thus
playbacks lacking the entire vocalization may have affected the sound of the alarm
calls as heard by the marmosets. For the recording to sound natural, it should contain
the entire frequency range of the vocalization. It is unknown whether the information
at those higher frequencies is important in reference to predators. Miller and Hauser
(2004) conducted a study on cotton-top tamarin (Saguinus oedipus) combination
long-calls (CLCs) and the importance of specific acoustic features. The researchers
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played natural and synthetic CLCs and measured the focal animal's antiphonal
response. They found that frequency and temporal aspects were important for
conspecific recognition, while amplitude was not. More specifically they found that
temporal information is encoded in the harmonics of the calls. This study was not on
alarm calls, but it shows that a Callitrichid species uses information encoded in the
harmonics of a vocalization. This exclusion of potentially useful information, and the
addition of noise made by the CD player, may have made the recordings sound
artificial and confused their meaning.
Another factor contributing to potential artificiality was the amplitude at
which the recordings were played. I chose a level I felt appropriate considering the
level at which the alarm calls are naturally made. It is still possible, however, that
they were too loud or too soft to sound natural. It is likely, though, that animals use
multiple cues to recognize vocalizations. Callitrichid species evolved in habitats with
high ambient noise (wind, rain, etc.) and high tree density, both of which cause
acoustic degredation. Consequently, their vocalizations and perceptual systems
probably involve multiple cues for signal recognition. If so, then the amplitude levels
may not have affected their behavior (Miller & Hauser, 2004).
I used playback stimuli from familiar marmosets, which can be considered
both a strength and weakness of the current design. Intraspecific call variation or
individual vocal signatures allow some species to distinguish between familiar and
unfamiliar conspecifics. This has been demonstrated in a variety of species including
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frogs (e.g., Allobates femoralis; Gasser, Amezquita & Hodl, 2009), wolves (Canis
lupis; Palacios, Font, Marquez, 2007), African lions (Panthera leo; McComb, Pusey,
Packer & Grinell, 1993), African elephants (Loxodonta africana; McComb, Moss,
Seyialel, & Baker, 2000), arctic foxes (Vulpes lagopus; Frommolt, Goltsman &
Macdonald, 2003) and many species of primates (e.g. Macaca mulatta; Fugate,
Gouzoules, & Nygaard, 2008; Rendall, Rodman, Emond, 1996). Three New World
primate species have been shown to have individual long calls, though individuality
may not be stable over time (Saguinus oedipus; Snowdon, Cleveland, & French,
1983; Callithrixjacchus; Jones, Harris, & Catchpole, 1993; C. kuhlii; Jorgensen &
French,1998). In addition, studies of both common marmosets (Callthrixjacchus)
and Wied's black-tufted-eared marmosets (c. kuhlii) show that there are sex
differences in some New World primate vocalizations (Norcross & Newman, 1993;
Smith, Birnie, Lane & French, 2009). Smith, Birnie, Lane and French (2009) further
showed that the marmosets perceived these sex differences and adjusted their
behaviors accordingly. No known studies have been published on individual alarm
call variation in New World primates, however it has been found in yellow-bellied
marmots (Marmotaflaviventris; Blumstein & Daniel, 2004). If this type of
recognition does occur on the individual level with alarm vocalizations in marmosets,
it would seem unnatural to hear an alarm call of a particular individual coming from
one direction yet see that particular individual in a completely different area. This
may cause confusion or increase the artificiality of the playbacks. In addition, if
individual recognition is possible, recordings from specific individuals may affect
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how the focal animal responds, especially if the caller tends to alarm call
inappropriately.
However, had recordings of calls made by unfamiliar marmosets been used
the observed responses may not have been in response to concerns about a potential
predator, but rather the presence of an outsider. Callitrichids are territorial, typically
defending part or all oftheir home range from neighboring groups (Gaarber, Pruetz,
& Isaacson, 1993; Lazaro-Perea, 2001; Peres, 1989). The territorial defense can

include scent marking, vocalizations, aggression, and/or border patrolling. If the
marmosets in the current study were played alarm calls from unfamiliar marmosets,
behaviors such as approaching the source of the sound would have been difficult to
interpret.
Avoiding pseudoreplication was also both a strength and a limitation in this
study. Following the advice ofKroodsma (1986; Kroodsma et aI., 2001), I created
multiple stimuli for use in the playback study and only had one focal subject per trial.
However, the latter decision, which did preserve independence of data points, may
have come at the cost of statistical power and the power of my manipulation.
Because each subject only contributed one data point to each condition, I was left
with a limited set of data (ten data points per condition). Factors outside of my
control, and not related to the stimuli, had more opportunity to affect the results. For
instance, hunger level could have been unusually high in a particular trial, reducing
hesitation to go to the platform to eat. Indeed, individual differences in many of the
platform variables, as is evident in the high standard deviations, reduced the chance
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that I would find significant differences. Had I observed two or three marmosets per
trial, I would have had multiple data points for each marmoset under each condition.
These data points could have been averaged to give a more accurate representation of
each individual's behavior. However, doing so would have violated independence
and contributed to pseudoreplication.
Applications and future research
This study provides more evidence that New World primates use referential
communication. As mentioned previously this could have applications in primate
conservation. As predation is such a major obstacle in successful reintroduction
(Beck, Kleiman, Dietz, Castro, Carvahlo, Martins, Rettberg-Beck, 1991; McLean,
Lundie-Jenkins, & Jarman, 1996; Griffin, Blumstein, & Evans, 2000), testing
immediate responses to alarm calls prior to release into the wild might reduce
mortality. Future research could look at the survival success of reintroduced animals
when first tested for appropriate antipredator responses.
Additional research should expand on the current study. It could be very
useful, and provide more evidence of referential communication, to statistically
compare the immediate behaviors of the marmosets in response to predator presence,
predator vocalizations and conspecific alarm calls (Zuberbiihler, 2001). This would
confirm that the marmosets do indeed perceive the alarm calls just as if they saw or
heard the predator directly. Also it is important that future studies look at the
responses to other predator models (dogs, ocelots, etc.). It may be that the alarm calls
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elicited by snake models and perched raptor models are used in additional contexts
with or without some variation in the acoustic parameters. For example, the
marmosets may have more general alarm calls given in reference to all terrestrial
predators instead of specific calls that vary in reference to particular terrestrial
predators (snakes, ocelots, etc.). Studies like this could also examine differences in
calls given to aerial predators in different contexts. Since the marmoset's behavioral
response to perched raptors and raptors in flight differ, it would be interesting to look
at whether or not there are differences in the acoustic structure of calls given in those
contexts.
In addition, future research could look at behavior in response to alarm calls
given with and without visual confirmation of a predator. As seen in this study, the
marmosets may rule out a predator threat if alarm calls are not continuous and there is
visual confirmation of the predator. A study can examine any differences in foraging
behavior by manipulating the presence of a predator after alarm calls are played.
Finally, future research should attempt to determine if there is also urgencybased information encoded in the marmosets' alarm vocalizations. Urgency-based
alarm calls are those in which a caller increases some acoustic component of a call in
response to the degree of threat posed by the predator (Macedonia & Evans, 1993;
Seyfarth & Cheney, 2003a). Future studies could present predator models
representing varying degrees of threat (e.g., predators of different size, or placed at
varying distances from the prey) and analyze any differences in the vocalizations. For
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this and other future studies of alann calls, researchers should take care to record
mannoset vocalizations with equipment with sampling rates greater than 48 kHz.
This will allow exploratory analysis to determine all possible acoustic parameters of
alann calls that could be used by mannosets to distinguish between different
predators.
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