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ABSTRACT. Calls are functionally diverse signals that mediate behavior in a wide variety of contexts in both
passerines and non-passerines. However, the call-based acoustic communication systems of non-passerines have
received less attention from investigators than those of passerines. We examined the vocal repertoire of Smooth-
billed Anis (Crotophaga ani), cooperatively breeding cuckoos that live in groups with multiple breeding pairs. We
recorded calls from 22 groups over two breeding seasons at the Cabo Rojo National Wildlife Refuge in Puerto Rico.
We identified 11 call types and one group vocalization, and used an automated sound measurement program to
quantify their acoustic features. Discriminant function analysis (DFA) correctly classified 74.2% of calls based on
these features. The vocal repertoire of Smooth-billed Anis is larger than that reported for the three other species in
the subfamily Crotophaginae. Smooth-billed Anis have at least two alarm calls, two nest-specific calls, and one nest
defense call. We also identified one possible signal of aggressive intent, one possible appeasement signal, and two
calls that may communicate identity. The relatively large vocal repertoire of Smooth-billed Anis and association
of distinct call types with different functions and contexts supports the main prediction of the social complexity
hypothesis, i.e., species with more complex social systems will have more complex communication systems.

RESUMEN. Repertorio vocal de Crotophaga ani ave que exhibe reproducción cooperativa
Las llamadas son señales funcionalmente diversas que median la conducta en una amplia variedad de contextos, tanto
en paseriformes como en aves no-canoras. Sin embargo, los sistemas de comunicación acústica de los no-paserinos
ha recibido menos atención, de parte de los investigadores, que los paseriformes. Examinamos el repertorio vocal del
Garrapatero (Crotophaga ani), que vive en grupos con múltiples parejas y llevan a cabo reproducción cooperativa.
Grabamos las llamadas de 22 grupos durante dos épocas reproductivas en el Refugio Nacional de Vida Silvestre de
Cabo Rojo, Puerto Rico. Utilizamos un programa automatizado para medir y cuantificar los parámetros acústicos
que permitió identificar 11 llamadas y una vocalización de grupo. Se usó un análisis de función discriminativa
(DFA) para clasificar correctamente el 74.2% de las llamadas con sus respectivas particularidades. El repertorio vocal
del Garrapatero es mayor que el informado para otras tres especies en la subfamilia Crotophaginae. Los garrapateros
tienen al menos dos llamadas de alarma, dos llamadas especificas en el nido, y una llamada de defensa al nido.
Además identificamos una posible señal de intento de agresión, otra posible señal de apaciguamiento y dos llamadas
que pudiera comunicar la identidad de un individuo. El gran repertorio vocal del Garrapatero y la asociación a
distintos tipos de llamadas con diferentes funciones y contextos, apoya la predicción de la hipótesis de complejidad
social, ej. que las especies con sistemas sociales más complejos tendrán los sistemas de comunicación más complejos.
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Most studies of avian vocal communication
have focused on songbirds (Marler 2004,
Benedict and Krakauer 2013). By contrast, the
vocal signaling systems of most non-passerines
remain little studied. Non-passerines typically
do not sing, but instead produce calls in a variety
of contexts, including territorial interactions
(Seddon et al. 2002, Radford 2003, Baker
2004), coordination of reproductive activities
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(Bretagnolle 1996, Lefevre et al. 2001), contact
maintenance (Seddon et al. 2002, Radford
2004a), feeding (Radford 2004b, Evans and
Evans 2007), and predator avoidance (Evans
et al. 1993, Evans 1997, Wilson and Evans
2012, Grieves et al. 2014). Calls have also been
found to communicate sex, breeding status
(Warrington et al. 2014), and identity at the
individual and group levels (Falls 1982, Seddon
et al. 2002, Sharp and Hatchwell 2005, Keen et
al. 2013). The functional diversity of avian calls
suggests that we can learn a great deal about
avian behavior by studying bird calls.
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The social complexity hypothesis states that
social complexity drives the evolution of com-
plex communication systems (Freeberg et al.
2012). Here, social complexity means that in-
dividuals interact frequently in a variety of
contexts with many other individuals, and com-
plex communication systems are those with
many structurally and functionally distinct sig-
nals. One prediction of this hypothesis is that
highly social species will have relatively large
and complex signal repertoires compared to less
social species. Several studies have found support
for the social complexity hypothesis. Among
wrens (family Troglodytidae), song repertoire
size correlates positively with the frequency
of conspecific interactions (Kroodsma 1977).
Among chickadees, tits, and titmice (family
Paridae), individuals from larger groups have
greater information content in their chick-a-
dee calls than individuals from smaller groups
(Freeberg 2006). Among non-passerines, the
parrots and allies (order Psittaciformes) tend to
have complex social structure and large, complex
call repertoires (Bradbury 2003). Similar pat-
terns are found in some cooperatively breeding
non-passerines such as the Pale-winged Trum-
peter (Psophia leucoptera, Seddon et al. 2002).
Although most support for the social complexity
hypothesis comes from studies of vocal commu-
nication, this hypothesis also applies to other
signal modalities (Freeberg et al. 2012).

We tested the prediction that Smooth-
billed Anis (Crotophaga ani), highly social non-
passerines with a complex cooperative breeding
system, have a large vocal repertoire with many
structurally and functionally distinct signals.
The number of distinct vocalizations reported
for most species of birds ranges from 5 to 14
(Gill 2007), so we consider a large repertoire to
be one that approaches or exceeds the high end
of this range.

During the rainy season, socially monoga-
mous pairs of Smooth-billed Anis form breeding
groups consisting of 2 to 16 adults. Multiple
females typically lay eggs in a single shared nest,
and all group members contribute to parental
care. Groups roost communally and defend all-
purpose territories from both intruding groups
and solitary anis (Quinn and Startek-Foote
2000). Unlike most other cooperative breeders
that form full or partial kin groups (Riehl 2013),
adult group members in this species are typically
unrelated (Blanchard 2000). During the dry

season, breeding groups dissolve and form larger
flocks that may disperse widely (Quinn and
Startek-Foote 2000).

An important step in studies of call systems
is to characterize variation in call structure
(Warrington et al. 2014). In many previous stud-
ies of acoustic signal repertoires, investigators
used qualitative assessments of spectrographs
and behavioral contexts to distinguish among
call or song types. We followed that approach,
but also attempted to validate our categorization
scheme by measuring the acoustic parameters of
calls and subjecting the measures to discriminant
function analysis (DFA). Our objectives were
to: (1) describe the vocal repertoire of Smooth-
billed Anis, (2) attempt to assign functions to
each call type, and (3) identify call types that
might communicate identity at the individual
and group levels.

METHODS

Study area. Recordings were made at the
Cabo Rojo (17.59N, 67.10W) and Laguna
Cartagena (18.00N, 67.06W) National Wildlife
Refuges in southwestern Puerto Rico from
1 October to 15 December 2011 and 8 Septem-
ber 2012 to 5 January 2013, spanning the peak
breeding season for Smooth-billed Anis. Groups
of Smooth-billed Anis are highly territorial and
group composition tends to be stable during
the breeding season (Quinn and Startek-Foote
2000). Anis can breed as single pairs, but the
average adult group size in our study was six.
The identity of the groups we recorded was
determined using territory location, group com-
position, and the presence of color-banded birds.

Recording protocol. Calls were recorded
with two recording units (sampling rate =
44.1 kHz, bit depth = 16 bits) and microphones
(Marantz PMD660 with a Sennheiser ME66
microphone capsule and a Marantz PMD661
with a Sennheiser ME67 microphone capsule).
Recordings were made ad libitum before and
after groups left roost trees (from 06:00 to
07:00), during their main activity periods
(07:00–12:00 and 15:00–17:15), and as groups
were re-entering roosts for the night (17:15–
18:45). We did not record from 12:00 to 15:00,
the hottest part of the day, when anis were less
active. For each recording session, we noted
group ID, recording duration, intraspecific
interactions (within or between groups), and
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interspecific interactions, including interactions
with researchers, and the behavioral context in
which calls were produced. Documentation of
behavioral context included activities of both
signalers and receivers, as well as other species,
such as predators. These descriptions were
made directly onto the audio file at the time
of recording. We made 101 recordings (55 in
2011, 46 in 2012) of individuals in 42 groups
(24 in 2011, 18 in 2012). Of these 42 groups,
28 were on different territories in each year,
making us confident that these were separate
groups. We obtained usable recordings from 22
groups for the final analysis.

Repertoire analysis. All calls used in
our repertoire analysis were from adult birds.
Smooth-billed Anis are sexually size dimorphic,
but the sexes are too similar in appearance to reli-
ably distinguish in the field (Quinn and Startek-
Foote 2000). Calls were visualized as spectro-
grams in Syrinx v2.6f (www.syrinxpc.com; FFT
window type = Blackman, transform size =
0.0116 s). LAG classified calls based on their
appearance as spectrograms. For each breeding
group, the first high-quality recording of each
call type was selected for further analysis. We
then calculated the signal-to-noise ratio for
each recording. We used the “view and edit”
module in Praat (Boersma and Weenik 2014)
to measure the average intensity (dB) of the
noise immediately prior to the beginning of
the signal, and over the entire signal itself. The
difference between those values represented the
signal-to-noise ratio. Sample calls were high-
pass filtered at 350 Hz in Syrinx. We then ana-
lyzed their characteristics using Sound Analysis
Pro 2011 (SAP) software (Ofer Tchernichovski,
http://soundanalysispro.com; FFT window =
9.1 ms, frequency range = 11025 Hz, advance
window = 1.00 ms, contour threshold = 10).

All call features were scored from multi-taper
spectral derivatives using the “feature statistics
across interval” option in SAP’s “explore &
score” module. This option calculates the av-
erage value of each measured acoustic feature
over the entire call. SAP extracts acoustic features
from “frequency contours”, which are zero cross-
ings on the spectral derivatives (equivalent to lo-
cal amplitude peaks on a spectrogram). Because
signal-to-noise ratios varied among samples (see
Section Results), LAG adjusted the segmenta-
tion threshold amplitude for each sample to
ensure that SAP attended to the call, but not

the background noise. Within the segments,
SAP detects frequency contours with a dynamic
threshold based on Weiner entropy, distance to
the mean frequency, and a user-defined “contour
threshold” (set to 10 for all measurements). This
dynamic threshold offers many of the benefits
of a fixed threshold (e.g., automation and bias
control) with fewer errors (ignored signal and
measured noise).

We used SAP to measure (1) call duration
(ms), (2) mean, minimum, maximum, and
variance of mean frequency (Hz), frequency
modulation (FM, degrees), and Weiner entropy,
(3) mean, minimum, and maximum values of
peak frequency (Hz) and duration of acoustic
state (ms), (4) mean and maximum values of
continuity over frequency (Hz) and continuity
over time (ms), and (5) mean and variance of
pitch (Hz), goodness of pitch, and amplitude
modulation (AM, 1/t). Variation in these acous-
tic features maps onto variation in vocal sound
production in birds (Baker and Logue 2003).
Tchernichovski (2012) and Feher et al. (2009)
described these features in detail, but we provide
brief definitions below.

Mean frequency is an estimate of the central
tendency of the derivative power distributions,
which are calculated by adding the partial deriva-
tives of powers, whereas peak frequency is the
frequency of maximum power. Pitch describes
the perceived tone of sounds; quantitatively,
pitch estimates are measures of the period of
oscillation. Goodness of pitch is an estimate of
harmonic pitch periodicity. Formally, goodness
of pitch is defined as the peak of the derivative-
cepstrum calculated for harmonic pitch. Wiener
entropy is a measure of the width and uni-
formity of the power spectrum, and is a pure
number defined as the ratio of geometric mean
to arithmetic mean of the spectrum. FM is
the angular component of squared time and
frequency derivatives. This gives an absolute
(unsigned) estimate of frequency modulation.
AM is the overall time-derivative power across all
frequencies within a range and captures changes
in the amplitude envelope of sounds. Duration
of acoustic state estimates the duration, before
and after a reference point, where the acoustic
structure is similar to the reference. Continuity
over time and frequency are measures of spectral
continuity. The time and frequency contours are
detected by the zero crossings of the spectral
derivatives and their durations are measured.
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The mean duration across the contours is the
continuity over time and the mean frequency
range across the contours is the continuity over
frequency (Tchernichovski 2012).

We ran a discriminant function analysis
(DFA) with qualitatively determined call type as
the dependent (grouping) variable and acoustic
parameters measured in SAP as independent
variables. This analysis was used to test the valid-
ity of our qualitative classification of call types,
and to quantify the acoustic differences among
call types, allowing us to identify the most useful
variables for separating call types and visualize
the structural similarities and differences among
call types.

To control for group of origin, only one call
of each type from each group was analyzed.
We guarded against overparameterization by
(1) excluding poorly sampled call types from
the analysis, and (2) using a forward selection
procedure to reduce the number of acoustic
variables in the model (threshold to enter model
set to P < 0.0001). We excluded ee-oo-ee (N =
2), growl (N = 2), and whistle (N = 2) calls
due to low sample sizes. The smallest sample
size for the remaining calls was seven (chlurr
call), so we selected the first seven predictor
variables that entered the model. Sample sizes
for the remaining seven calls ranged from nine
to 17 (mean = 12.3). We classified calls using
‘leave one out’ cross-validation to guard against
bias. The DFA was conducted using SPSS v17.0
(SPSS, Chicago).

We identified one group vocalization, the
ahnee chorus. We selected the first high-quality
recording available from each group (N = 7),
high-pass filtered the chorus at 350 Hz, and
measured the chorus duration in Syrinx. The
ahnee chorus consisted of repeated calls by mul-
tiple group members with brief (mean = 0.12 s,
�2 = 0.03 s) pauses between calls. To capture the
entire chorus while avoiding lumping multiple
chorus bouts, all vocalizations with > 5 s of
silence between calls were considered part of a
separate bout. Although arbitrary, 5 s of silence
was a best guess for separating chorus bouts
based on our field experience. For recordings
with multiple choruses (N = 5), we calculated
the average chorus duration for that group. We
only measured call duration (s) of the ahnee
chorus because this call consisted of bouts of
overlapping vocalizations so we could not accu-
rately measure other call features.

RESULTS

We identified 11 call types, including ahnee,
ahnee alarm, chlurp, chlurr, chuck, ee-oo-ee, growl,
hoot, warble, whine, and whistle calls (Fig. 1,
Table 1, Audio S1–S11). Recordings varied with
respect to signal-to-noise ratio (min = 6.65 dB,
max = 30.70 dB, mean = 16.94 dB). The
mean duration of the ahnee chorus, a group
vocalization, was 14.5 s (range = 6.9 – 27 s,
N = 7; Fig. 2, Audio S12–S14).

Smooth-billed Ani calls were characterized by
their short duration (solo vocalizations < 1 s)
and broad frequency bandwidth. All call types
consisted of a single note (i.e., a continuous trace
on a spectrogram). Although we were able to
classify calls into discrete types, we also noted
substantial variation in structure for each call
type.

Call comparisons and descriptions.
The ahnee call (N = 15, Fig. 1) is a loud har-
monic stack that rises smoothly in frequency and
then terminates with a rapid drop in frequency.
Energy is concentrated in the lower harmonics
and in formants. Some ahnee calls included an
abrupt shift from a lower fundamental frequency
to the main frequency sweep after �60 ms (e.g.,
the first call in the Supporting Information), and
some included subharmonics (visible as traces
midway between harmonics in Fig.1 and in the
first two calls in the Supporting Information).
Ahnee calls are structurally similar to two other
ani vocalizations, the ahnee alarm and warble
calls (Fig. 1, Fig. 3, Table 1). The ahnee call
was the most common call in our study, and
was given at dawn before birds left roosts, as
part of the ahnee chorus. Ahnee calls were also
produced throughout the day, during foraging,
and when defending the territory from intruding
or neighboring groups and individuals. Anis
usually gave this call when perched or on the
ground, but sometimes while flying as well.

The ahnee alarm (N = 11, Fig. 1) is struc-
turally similar to the ahnee call (Fig. 1, Table 1).
Ahnee alarms, however, include a rapid increase
in frequency near the end of the call (visible
in Fig. 1). Ahnee alarms were produced by
individuals while perched or standing on the
ground (e.g., during a pause from foraging).The
ahnee alarm was given in the presence of terres-
trial predators such as West Indian mongooses
(Herpestes auropunctatus), domestic dogs (Canus
familiaris), cats (Felis catus), and humans. Ahnee
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Fig. 1. Spectrogram showing representative samples of the 11 calls of Smooth-billed Anis, including ahnee,
ahnee alarm, chlurp, chlurr, chuck, e-oo-ee, growl, hoot, warble, whine, and whistle calls. For audio samples of
each call type, see the supporting information online (S1–S11).

alarms stimulated anis perched low or on the
ground to fly up to a higher perch (Grieves
et al. 2014). Ahnee alarms were also produced
by some ani groups during our nest visits.
In two instances, we documented ahnee alarm
calls when a perched Red-tailed Hawk (Buteo
jamaicensis) was detected by the group or after a
hawk flew near a group. In cases where a hawk
flew at, over, or directly past a group, anis gave
chlurp calls (see below).

We defined the ahnee chorus (N = 7, Fig. 2)
as all repetitious morning calling in a roost
tree made by two or more group members.
The chorus typically began with a repeated
ahnee call from one individual and continued as
other group members joined in with overlapping
ahnees. The ahnee chorus may also contain chuck,
hoot, and whine calls. Ani groups often chorused
several times before leaving roosts, and chorus-
ing bouts varied in duration and in the number
of call types used.

Chlurps (N = 9, Fig. 1) are short calls com-
prising a rapid increase and then decrease in
frequency, followed by a high entropy section
that often contains subharmonics, and ending
with a harmonic stack that rises and then rapidly
falls in frequency. Chlurps were usually made
by perched individuals, although chlurps were
occasionally heard from birds in flight. Chlurps
were typically produced in response to flying
raptors such as Red-tailed Hawks, Peregrine
Falcons (Falco peregrinus), and Merlins (Falco
columbarius). Rarely, anis gave chlurp calls in
response to the sudden appearance of fast-flying

doves, American Kestrels (Falco sparverius), and
Turkey Vultures (Cathartes aura), especially un-
der low light conditions (e.g., at dawn or dusk).
In response to chlurp calls, other group mem-
bers typically dove down or flew rapidly into
vegetative cover (Grieves et al. 2014).

Chlurrs (N = 7, Fig. 1) are high-entropy, low-
amplitude calls, with rapid amplitude modula-
tion (�5 amplitude pulses), and no apparent
harmonic structure. These calls were typically
associated with a change in activity, such as a
shift from perching to walking or perching to
flight. Chlurrs were often produced by multiple
group members when two or more individuals
were perched together, but were also given by
anis perched alone. Chlurrs were also sometimes
given when anis were preening.

Chucks (N = 15, Fig. 1) are short, low-
frequency, highly variable calls. Some had fairly
strong harmonic structure, some were very noisy
(high entropy), and some included both har-
monics and noise. Chucks were often produced
in the morning before anis left roosts. Chucks
were sometimes given singly (in the absence of
other call types or calling individuals) and were
sometimes interspersed with ahnees or whines
given by other individuals (e.g., during the
ahnee chorus). Two or more perched individuals
sometimes alternated chuck calls. Chucks were
often produced by adults at nests, particularly
when nestlings were present. Chucks could be
directed at either nestlings or other adult group
members (i.e., the calling bird was positioned
with head and body oriented toward these group
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members while giving chuck calls). Chucks were
also heard in flight during chasing, described
below (see the section describing hoots).

Ee-oo-ee calls were uncommon. The ee-oo-ee
call (N = 2, Fig. 1) has three parts. The first
and third elements are frequency-modulated so
they appear as arches on a spectrogram. Between
the arches is an unmodulated low-frequency el-
ement. Transitions between sections are abrupt.
The entire call has harmonic structure. All ee-
oo-ee calls were given by adults on or near nests
when nestlings were present.

Growls were relatively rare calls. They are
low-amplitude, high-entropy vocalizations with
some visible harmonics and strong formants
(N = 2, Fig. 1). Their fundamental frequency
first increases and then decreases. The growl call
was given by adults during nest defense, e.g.,
when we visited nests and during a mongoose
attack on nestlings. During our nest visits, growl-
ing birds hopped and made short flights near
nests, sometimes approaching within 0.5 m.
Ahnees and ahnee alarm calls were given in
conjunction with growls.

Hoots (N = 9, Fig. 1) are short, harmonically
rich calls that ascend and then descend in
frequency. The beginning and end of each hoot
contains chaotic (entropic) elements and some
included subharmonics. Hoots were primarily
associated with chases, an aggressive behavior
that occurred when a group or a lone bird
entered another group’s territory. Chasing was
accompanied by a predictable suite of vocal-
izations including hoot, whine, and chuck calls.
Typically, one to several birds chased an intrud-
ing group or single bird. While resting between
bouts of chasing, chased and chasing birds often
alternated hoot calls. Hooting typically stopped
when one bird, typically the one being chased,
retreated. Hooting bouts sometimes ended in
attacks and fighting between the hooting birds.
Hoots were also sometimes given by anis in roost
trees, both at dawn and dusk, and sometimes
involved hooting back and forth between group
members, or a single bird hooting with other
group members whining or chucking in response.
Hoot calls were given in flight, while perched,
and while walking or hopping (e.g., moving
toward another individual).

Warble calls (N = 17, Fig. 1) are harmoni-
cally rich, with rapid, irregular, low-amplitude
frequency modulation, and a terminal burst of
higher-amplitude frequency modulation. Some
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Fig. 2. Spectrogram showing a representative sample of the ahnee chorus (mean duration = 18.6 s). Note that
the scale of the x-axis differs between Figs. 1 and 2. For audio samples of ahnee choruses, see the supporting
information online (Audio S12–S14).

Fig. 3. Results of a discriminant function analysis that categorizes eight types of Smooth-billed Ani calls based
on seven acoustic parameters. a) Scatter plot of discriminant function scores. Prior to analysis, the authors
categorized calls as ahnees (black diamonds), ahnee alarms (grey squares), chlurps (grey triangles), chlurrs (black
‘X’s), chucks (light grey circles), hoots (grey pluses), warbles (grey asterisks), or whines (long black bars). b)
Group centroids for each call type are plotted as a spectrogram.

had subharmonics. Like ahnee calls, these vo-
calizations gradually ascend in frequency and
terminate with a rapid drop in frequency. Unlike
ahnees, however, warble calls also include rapid,
irregular frequency modulation. They often in-
clude subharmonics and non-linear frequency
shifts. Perched individuals often, but not always,
gave warble calls one or more times just prior to
taking flight. Warble calls were also produced

during flight. Individuals sometimes gave only
one or two warble calls at the start of a flight,
but often uttered warble calls throughout the
entire duration of a flight. Anis sometimes flew
without giving this call.

Whine calls (N = 10, Fig. 1) are harmon-
ically rich calls with a highly variable pattern
of frequency modulation that end with a rapid
increase and then decrease in frequency. Whines
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Table 2. Summary of acoustic features, call context and function, and suggestions for future research for
selected Smooth-billed Ani calls

Call Features of interest Context and likely function(s) Suggestions for future work

Ahnee Rich harmonic structure
and strong formants

Made during chorus, throughout
the day, before entering roost.
Appears to be the main contact
call

Test for individual and
group-level vocal
recognition (Seddon et al.
2002, Baker and Logue
2003, Sharp and
Hatchwell 2005)

Ahnee
alarm

Rapid frequency jump
near end of call

Functionally referential alarm for
terrestrial predators (Grieves
et al. 2014)

Identify functional
component(s) of signal,
test for gradation (e.g.,
according to urgency)

Ahnee
chorus

Consists mainly of
repetitious ahnee
calling by group
members

May serve as a group-level
territorial signal (Radford 2005)

Test for group-specific vocal
structure, honest signaling
of group size (Radford
2004a, 2005)

Chlurp Rapid frequency increase
then decrease, high
entropy section

Functionally referential alarm for
aerial predators (Grieves et al.
2014)

Identify primary signaler(s),
patterns of response to
signal. Quantify accuracy,
ontogeny of signal use and
response

Chlurr High entropy, rapid
amplitude modulation

Low-volume calls usually given in
close proximity to receivers

Chuck Short, low frequency Low-volume calls usually given in
close proximity to receivers

Growl High entropy with strong
formants

Given during nest defense Test signal production during
staged threats to nest
(Murphy 2006)

Hoot Low volume, given near
receivers

Associated with chasing and
territorial interactions; may
signal aggression

Test hypothesis that hoots
signal aggressive intent
(Searcy and Beecher 2009;
Grieves, unpubl. data)

Warble Strong harmonic
structure and
non-linearities

Associated with flight Test for use in coordination
of group cohesion and/or
movement (Seddon et al.
2002, Radford 2004a),
individual and group level
identification (Seddon
et al. 2002)

Whine Variable frequency
modulation

Made during chasing and between
individuals; may signal
submission.

Test hypothesized submissive
function

were often given in the morning before anis
left communal roosts. Frequently, one individual
gave chuck or hoot calls and a responding bird
gave a whine call. This calling behavior occurred
between pairs of anis away from roosts as well.
During chases, whines were often given in flight
by non-chasing group members and appeared to
be directed at the group member(s) involved in
chasing (i.e., the individual calling was oriented

with head and body toward the other bird or
birds). Whines were also produced by chased
birds after landing, and were apparently directed
toward the chasing birds (e.g., the whining
bird perched with head oriented toward the bird
involved in chasing).

Whistles (N = 2, Fig. 1) increase, plateau, and
then decrease in frequency. Like the ee-oo-ee,
whistles were rarely heard and were only recorded
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from individuals sitting on nests or perched on
or near nests when nestlings were present.

Discriminant function analysis. The
seven parameters chosen by the stepwise model
procedure were duration, mean pitch, mean
FM, mean entropy, mean frequency, mean DAS,
and variance in pitch. The first two functions
explained 82.2% of the total variance (Func-
tion 1: 66.3%, eigenvalue = 8.94; Function 2:
16.0%, eigenvalue = 2.16). The first standard-
ized canonical discriminant function included
high positive coefficients for mean frequency
(0.68), duration (0.66), and mean pitch (0.51)
and high negative coefficients for mean FM
(–0.61) and mean DAS (–0.49). The second
function included high positive coefficients for
duration (1.04), variance in pitch (1.14), and
mean entropy (0.42) and high negative coeffi-
cients for mean frequency (–1.16), mean DAS
(–0.93) and mean pitch (–0.67; Table S3). The
distribution of call types in a plot of Function
1 against Function 2 reflects the pattern of
structural similarity among call types (Fig. 3).

Using cross-validation, the DFA classified
74.2% of calls correctly, significantly exceeding
chance-level classification (Wilks’ � = 0.005,
df = 49, P < 0.001, Fig. 3). Based on our
qualitative classification scheme, the DFA cor-
rectly classified 93.3% (14/15) of ahnees, 81.8%
(9/11) of ahnee alarms, 44.4% (4/9) of chlurps,
100% (7/7) of chlurrs, 66.7% (10/15) of chucks,
77.8% (7/9) of hoots, 70.6% (12/17) of warbles,
and 60% (6/10) of whines (Table S4).

DISCUSSION

We identified 11 Smooth-billed Ani calls and
a group vocalization, the ahnee chorus (Table 2).
We identified seven of 13 call types described by
Davis (1940), but did not identify the other six,
including chuckle, guttural, complaint, objecting,
and whew calls (Table 3). Davis’ (1940) study
was conducted primarily in Cienfuegos, Cuba.
In addition, call descriptions provided by Davis
(1940) were qualitative and no spectrograms
were included, making comparisons difficult.
Although we are not aware of population-level
variation in call types of non-oscines, we can-
not rule out this possibility, especially given
the allopatric distribution of Smooth-billed Ani
populations (Quinn and Startek-Foote 2000).
Some non-oscines exhibit geographic variation
in call structure (Peake and McGregor 1999,

Table 3. Comparison of Smooth-billed Ani call types
identified in our study with those described previ-
ously (Davis 1940, Quinn and Startek-Foote 2000).
Calls in the same row are assumed to be the same type
and two dashes (–) indicate calls for which we could
not assign a match

Our study

Quinn and
Startek-Foote

(2000) Davis (1940)

Ahnee Ahnee, Fig. 2a Judio (flock)
Ahnee alarm Fig. 2b Alarm
Ahnee chorus – Get up
Chlurp – Quack (danger)
Chlurr – –
Chuck Fig. 2c Chucka

Ee-oo-ee – –
Growl “High intensity

mobbing
screams”*

–

Hoot – Conkb

– – Shout
Warble – –
Whine – Whine
Whistle – –
– – Complaint
– – Objecting
– – Chuckle
– – Guttural
– – Whew

*S. L. Vehrencamp in Quinn and Startek-Foote
(2000: 5).
aThe chuck call mentioned by Davis is likely equiva-
lent to the chuck call in our study, but we documented
a wider usage for this call. Davis described the chuck
as a call given only by chased birds, but we found
that chuck calls were used by multiple birds involved
in chasing and between group members at roosts.
bThe conk call described by Davis was given by
attacking birds during fights and territory defense and
most closely matches our hoot call because the hoot
tended to be given in aggressive contexts, including
chases. However, we also documented the use of hoot
calls at roosts and between group members.

Fuisz and de Kort 2007, Budka et al. 2014),
and such variation may explain some of the
differences between our results and those of
Davis (1940).

The size of the vocal repertoire of Smooth-
billed Anis (11 call types and one group vocal-
ization) falls near the high end of the range of five
to 14 discrete vocalizations for most species of
birds (Gill 2007), and is larger than the reported
repertoires of the three other species in the
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Table 4. Size of the vocal repertoires of selected species of passerines and non-passerines

Speciesa
Repertoire

size Order Breeding and social system Reference

Greater Ani
(Crotophaga major)

� 3 Cuculiformes Cooperative breeder Riehl and Jara 2009

Groove-billed Ani
(Crotophaga
sulcirostris)

� 5 Cuculiformes Cooperative breeder Skutch 1959

Guira Cuckoo (Guira
guira)

� 3 Cuculiformes Cooperative breeder Macedo 1992

Smooth-billed
Ani (Crotophaga
ani)

11 Cuculiformes Cooperative breeder This study

Pale-winged
Trumpeter
(Psophia leucoptera)

12 Gruiformes Cooperative breeder Sherman 1995,
Seddon et al. 2002

Pukeko (Porphyrio
porphyrio
melanotis)

17 Gruiformes Cooperative breeder Clapperton and
Jenkins 1984

Subdesert Mesite
(Monias benschi)

� 5 Mesitornithiformes Cooperative breeder Seddon 2002

African Penguin
(Spheniscus
demersus)

4 Sphenisciformes Monogamous, colonial Favaro et al. 2014

Bulwer’s Petrel
(Bulweria bulwerii)

5 Procellariformes Monogamous, colonial Bretagnolle 1996

Thick-billed Murre
or Brünnich’s
Guillemot (Uria
lomvia)

6 Chaladriformes Monogamous, colonial Lefevre et al. 2001

Apostlebird
(Struthidea cinerea)

6 Passeriformes Cooperative breeder Warrington et al.
2014

Splendid Fairywren
(Malurus splendens)

14 Passeriformes Cooperative breeder Greig and
Pruett-Jones 2008

Black-capped
Chickadee (Poecile
atricapillus)

11 Passeriformes Monogamous Ficken et al. 1978

aThis list is not comprehensive, but includes a diversity of species chosen to reflect differences in repertoire
size of passerine and non-passerine species relative to breeding and social systems.

cooperatively breeding subfamily Crotophagi-
nae, including Greater Anis (Crotophaga major),
Groove-billed Anis (Crotophaga sulcirostris), and
Guira Cuckoos (Guira guira; Table 4). The
vocal repertoire of Smooth-billed Anis is also
comparable in size to or larger than that of
other social non-passerine and passerine cooper-
ative breeders and the well-studied Black-capped
Chickadee, a socially monogamous passerine
(Table 4). The relatively large vocal repertoire
and high apparent functional diversity of calls
(Table 2) of Smooth-billed Anis lend support to
the social complexity hypothesis for communi-
cation (Freeberg et al. 2012).

Our forward model selection procedure for
the DFA selected duration, mean pitch, mean
FM, mean entropy, mean frequency, mean DAS,
and variance in pitch as the variables that best
separate the seven call types in the analysis.
These results suggest that variation among call
types can be attributed to several structural
dimensions, although examination of the canon-
ical variables reveals that these variables do not
vary independently (Table S3). Based on the
weightings of the first canonical variable, ani
calls fall along a spectrum from short, quiet, low
frequency, high FM calls used for short-distance
communication (chucks, chlurrs, and hoots) to
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long, loud signals with more gradual FM used
for long-distance communication (ahnees, ahnee
alarms, warbles, and whines). Because sound
amplitude declines with distance from source,
selection may favor low amplitude signals for
short-distance communication if eavesdropping
by conspecifics or predators incurs fitness costs
(Dabelsteen et al. 1998).

If, as seems likely, long-distance signals are
more affected by noise, long-distance signaling
may require longer-duration signals than short-
distance signaling. Auditory sensitivity for most
species of birds appears to peak between 2 kHz
and 4 kHz (Dooling 1980) and ani long-distance
calls have peak frequencies and mean frequencies
in this range whereas short-distance calls are
lower in frequency (Table 1). This pattern is
consistent with the hypothesis that selection
has shaped long-distance signals to be perceived
by distant receivers in spite of the attenuation
imposed by long-distance transmission. Our
study site consisted of second-growth dry scrub
forest, open, and disturbed habitats (Schmaltz
et al. 2008). We suspect that FM and signaling
distance covary negatively because rapid FM
tends to distort during long-distance transmis-
sion though woodland habitat (Bradbury and
Vehrencamp 2011).

The DFA was statistically significant, cor-
rectly classifying 74.2% of calls with cross-
validation, a conservative method of call clas-
sification. Some calls may have been classified
incorrectly because they are not structurally
distinct and overlap or grade into one another.
Based on our qualitative analysis, we think this is
unlikely. Instead, birds may distinguish among
call types based on dynamic variation in call
parameters we did not measure. For example, a
call that modulates linearly from 500 to 1000 Hz
and back to 500 Hz would have the same mean
pitch, maximum pitch, minimum pitch, and
FM as a call that modulates linearly from 1000
to 500 Hz and back to 1000 Hz. Spectrogram
cross-correlation is an alternative technique for
sound comparison that accounts for variation
over the course of the signal, but that technique
does not offer descriptive statistics of call struc-
ture (Baker and Logue 2003).

Presumably, anis are better at classifying
sounds than our DFA because they are sensitive
to dynamic variation in call structure, and can
discern more acoustic variables than the seven
used in our analysis. In addition, anis would

have contextual cues to help them discern call
types. Chlurrs, chucks, and hoots are structurally
similar calls (Fig. 3). Chucks were most often
misclassified as chlurrs and the spectrograms of
these calls appear similar. Indeed, chlurrs may be
a series of chucks repeated in a short trill (Fig. 1).
Whines and chlurps were most often misclassified
by DFA as warble calls (Table S4), but whine,
chlurp, and warble calls appear visually distinct
(Fig. 1) and are used in different contexts. It
therefore seems likely that anis can distinguish
these calls, but playback experiments would be
needed to determine if this is the case.

Within-call type variation may allow iden-
tification at the individual and group lev-
els. Previous studies have revealed evidence of
group-specific choruses, in, for example, Laugh-
ing Kookaburras (Dacelo novaeguinea, Baker
2004) and individually distinct calls in coop-
eratively breeding non-passerines, e.g., Pukekos
(Porphyrio porphyrio melanotus, Clapperton
1987) and Pale-winged Trumpeters (Psophia
leucoptera, Seddon et al. 2002), colonial-nesting
non-passerines, e.g., Thick-billed Murres (Uria
lomvia, Lefevre et al. 2001), and cooperatively
breeding passerines, e.g., Long-tailed Tits (Ae-
githalos caudatus, Sharp and Hatchwell 2005),
Superb Starlings (Lamprotornis superbus, Keen et
al. 2013), and Apostlebirds (Struthidea cinerea,
Warrington et al. 2014). Calls that encode iden-
tity tend to be common and loud, with broad
frequency bandwidths, characteristics that accu-
rately describe the ahnee and warble calls and the
ahnee chorus of Smooth-billed Anis (Table 2).

We can only speculate as to why Smooth-
billed Anis have more than one nest-specific call.
Calls may be directed at mates, incubators, or
nestlings, and different call types may be directed
at different receivers. For example, nest-specific
vocalizations directed at mates can increase
their vigilance against nest predators (Yasukawa
1989), whereas calls directed at nestlings can
stimulate or discourage begging (Anderson et al.
2010) and can even function as referential sig-
nals (Platzen and Magrath 2005). Several species
of songbirds produce an aggressive signal that,
like the Smooth-billed Ani’s hoot call, is directed
at conspecifics (Searcy and Beecher 2009). The
variable acoustic structure of hoots suggests this
call may be a graded signal, but there are rela-
tively few acoustic graded signals of aggression
in birds (Hurd and Enquist 2001). This graded
aggressive-signaling hypothesis requires further
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testing. We also have evidence of a visual signal of
aggression, the ‘throat inflation’ display (Grieves,
unpubl. data). Use of two discrete classes of
aggressive signals, one acoustic and one visual,
fits the broader pattern of discrete variants of
aggressive signals typically observed in birds.
Current theory suggests these signals commu-
nicate motivation to escalate during aggressive
interactions (Hurd and Enquist 2001, Searcy
and Beecher 2009). The growl call, directed at
intruders and predators at the nest, may function
like a third class of aggressive signal directed at
heterospecifics, but this also remains to be tested.

Appeasement calls most likely function to
mediate dominance interactions (Bradbury and
Vehrencamp 2011), as seems to be the case
for the single appeasement call produced by
cooperatively breeding Pale-winged Trumpeters
(Seddon et al. 2002). This may also be the case
for anis, although dominance hierarchies are not
yet well understood in this species. Smooth-
billed Anis also have a functionally referential
alarm call system, giving specific alarm calls
in response to terrestrial (ahnee alarm calls)
and aerial (chlurp calls) predators, respectively
(Grieves et al. 2014). Other species of birds (and
mammals) also produce different alarm calls for
these two broad predator classes (Marler 1957,
Seyfarth et al. 1980, Gill and Bierema 2013).

Our results are consistent with those of
previous studies of call repertoires that have
revealed a variety of structurally and functionally
distinct vocalizations in social and group-living
non-passerines (Clapperton 1987, Collias 1987,
Evans et al. 1993, Seddon et al. 2002, Bradbury
2003, Wilson and Evans 2012) and provide sup-
port for the social complexity hypothesis. The
DFA supported our qualitative analysis, pro-
vided data on the most salient acoustic variables
for discriminating call types, and revealed an axis
of acoustic variation that separates calls used in
short-range communication from those used in
long-range communication. This description of
the vocal repertoire of Smooth-billed Anis lays
a foundation for future work on signal function
by rigorously defining call types and pointing
to productive areas of future research on call
function.
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SUPPORTING INFORMATION

Additional Supporting Information may be
found in the online version of this article at the
publisher’s web site:

Audio S1. Four ahnee calls.

Audio S2. Three ahnee alarm calls.

Audio S3. Three chlurp calls.

Audio S4. Three chlurr calls.

Audio S5. Four chuck calls.

Audio S6. Two ee-oo-ee calls.

Audio S7. Two growl calls.

Audio S8. Four hoot calls.

Audio S9. Four warble calls.

Audio S10. Three whine calls.

Audio S11. Two whistle calls.

Audio S12. Ahnee chorus featuring introduc-
tory ahnee calling by a single bird, followed by
whine, ahnee, and chuck calls made by additional
group members.

Audio S13. Ahnee chorus featuring ahnee
calls by multiple birds and some faint chuck calls.

Audio S14. Ahnee chorus featuring ahnees,
whines, chucks, and hoot calls.

Table S1. Mean (± SD) minimum and
maximum values of acoustic variables for 11
Smooth-billed Ani calls types. Numbers in
brackets after each call type represent the num-
ber of groups sampled. One high quality (high
signal-to-noise-ratio) example of each available
call was chosen from each group for analysis.

Table S2. Mean (± SD) variance of the
acoustic variables measured for the 11 Smooth-
billed Ani calls types analyzed. Numbers in
brackets after each call type represent the num-
ber of groups sampled. One high quality (high
signal-to-noise-ratio) example of each available
call was chosen from each group for analysis.

Table S3. Standardized canonical discrimi-
nant function coefficients of the seven acoustic
parameters chosen by the stepwise model selec-
tion procedure used for discriminant function
analysis of eight Smooth-billed Ani calls.

Table S4. Cross-validation results from dis-
criminant function analysis (DFA). Numbers
in bold indicate the number of calls assigned
to each category, while numbers in brackets
represent the percentage of calls assigned to
each category. The sample size of each call is
in brackets in the call type column. Overall, the
DFA correctly classified 74.2% of calls using
cross validation.




