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ABSTRACT ARTICLE HISTORY
The Horned Guan (Oreophasis derbianus) is a cracid restricted to cloud Received 29 February 2016
forests in the Sierra Madre of Chiapas in Mexico and the western- Accepted 31 August 2016

central Mountains in Guatemala. It is an endangered species and KEYWORDS

urgent conservation measures are required, such as non-invasive Boom call; Cracidae;
monitoring techniques. Here, we study individual features in the boom vocal signature; acoustic
calls of Horned Guans. Boom calls are acoustic signals used by males communication; cloud forest;
during courtship and territorial displays. This call is made of seven guans

notes, divided into two parts: an introductory section characterized

by low-amplitude notes and a body section characterized by high-

amplitude notes. We recorded 10 males during the breeding seasons

of2010and 2011 in two captive populations and measured 22 acoustic

variables of the calls. We used a combination of statistical analyses to

test individuality in Horned Guan vocalizations. Our results showed

that time-related variables — but not frequency-related traits - varied

between individuals, and that individual calls showed no variation

between years. Our results suggest that Horned Guan individuals

can be distinguished using fine structural characteristics of their calls

and that calls remain stable across years. We argue that such vocal

signature could be used to track wild populations as a non-invasive

technique in order to improve census data in the short and long term.

Introduction

The individual acoustic signature is a widespread phenomenon in birds. For instance, this
behaviour has been reported in several non-passerine species such as Wild Turkeys Meleagris
gallopavo (Dahlquist et al. 1990), King Penguins Aptenodytes patagonicus (Robisson 1992),
domestic pigeons Columba livia domestica (Abs & Jeismann 1988), Bobwhite Quail Colinus
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virginianus (Bailey 1978), Corncrake Crex crex (Peake et al. 1997), Great Bittern Botaurus
stellaris (Mcgregor & Byle 1992; Gilbert et al. 1994; Puglisi & Adamo 2004), Hawk Owls
Ninox natalis (Hill & Lill 1998), Pygmy Owls Glaucidium passerinum (Galeotti et al. 1993),
Tawny Owls Strix aluco (Appleby & Redpath 1997), African Wood Owls (Strix woodfordii;
Delport et al. 2002), Scops Owls (Otus scops; Galeotti & Sacchi 2001), Saw-whet Owls
(Aegolius acadicus brooksi, Holschuh & Otter 2005), Eagle Owl (Bubo bubo, Lengagne 2001;
Grava et al. 2008) and Western Screech-owls (Megascops kennicottii, Tripp & Otter 2006).

Understanding individual vocal differences is important for conservation purposes.
Acoustic tools are especially useful when focal species are rare, threatened, cryptic and
elusive, or when species are sensitive to disturbance caused by capturing and handling
(Terry et al. 2005; Policht et al. 2009). Special caution should be exercised when declining
population species are involved, where a small change in numbers may reflect a relatively
large change in the overall population size (McGregor & Peake 1998; Gonzalez-Garcia 2005;
Policht et al. 2009; Budka et al. 2015).

In the Cracidae family, inter-individual variation in Great Curassowss boom calls struc-
ture has been studied by Baldo and Mennill (2011), suggesting that this species’ vocalizations
may be useful to track individuals. The use of vocalizations as a non-invasive census method
for secretive or threatened birds is of great relevance when physically marking individuals
is impractical for logistical or welfare reasons (Mcgregor & Byle 1992; Gilbert et al. 1994;
Peake et al. 1997). Acoustic monitoring also offers advantages in complex environments —
like cloud forest — where visual markers are difficult to detect, and call recordings may be
obtained from far away without having to disturb the animals (Gilbert et al. 1994; Hartwig
2005; Grava et al. 2008). Furthermore, if calls provide information about individuals, it is
possible to estimate important population parameters such as abundance (Terry et al. 2005).

The Horned Guan (Oreophasis derbianus) is an endemic cracid restricted to the Sierra
Madre of Chiapas in Mexico and the western-central mountains in Guatemala. With a
small and severely fragmented population, this species is one of the most threatened birds
in the Neotropics. The wild population has been estimated to be fewer than 1,000 indi-
viduals (BirdLife International 2016). As a consequence, the Red Lists and the Mexican
Government classified the Horned Guan as an endangered species (SEMARNAT 2010;
BirdLife International 2016). Deforestation, habitat alteration, global climate change, hunt-
ing and trade are some of the several threats that have been thought to contribute to its
decline (Peterson et al. 2001; del Hoyo et al. 2014; BirdLife International 2016). However,
there is insufficient information to understand the impacts of such threats on Horned Guan
wild populations (Gémez de Silva et al. 1999; Abundis 2006). A continuous monitoring
programme based on non-invasive methods is needed to ensure the implementation of
short- and long-term management strategies in Horned Guan’s conservation.

The aim of this study was to assess vocal individuality in captive Horned Guan males
and test whether such individuality remains stable between years. We analysed the calls of
10 Horned Guans and calculated the coefficient of variation within and among individuals.
We then tested whether variation among individuals was greater than within individu-
als. To test whether calls remain stable across years, we analysed the calls of five Horned
Guans recorded in 2010 and 2011 and tested differences between years using Discriminant
Function Analysis. Our study sheds light into the use of acoustic signals as natural markers
for monitoring wild animals with conservation problems. Specifically, we provide a foun-
dation for exploring the use of individual acoustic signals for monitoring Horned Guans
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wild populations. To our knowledge, this study is the first to attempt the study of vocal
individuality in captive Horned Guans and assess its application in monitoring programmes.

Methods
General field techniques

We recorded 10 Horned Guan adult males during the breeding seasons of 2010 and 2011
in two different captive populations held in Mexican zoos: African Safari Zoo, Puebla
(5 males) and El Nido facilities, Ixtapaluca, Estado of Mexico (5 males). All birds were
housed either in pairs or individually in contiguous enclosures and sometimes along with
other bird species (i.e. parrots, parakeet, pigeons, quails). Recordings were made in the
mornings and afternoons when males were vocally more active and from January to June,
during the peak of the breeding season (Gonzalez-Garcia 2005). To record, we used either a
directional microphone (Sennheiser MKH 60 or Sennheiser MKH 70) or a wireless micro-
phone system (Sony WCS-990), in combination with a preamplifier (Sound Devices MP-1
or Sennheiser MZA14) and a digital recorder (Sony PCM D50). Every male was recorded
in sessions of 5-10 min during 1-3 days. Calls were stored as 16 or 24 bits audio stereo and
mono WAV files at a sampling frequency of 44.1 kHz. Most recordings were made from
outside of the aviaries. We made some recordings using the wireless microphone system at
El Nido facilities, placing the wireless microphone system near the male perch site. Distances
between vocalizing birds and microphones fluctuated between 2 and 7 m.

Sound analysis

We selected between 5 and 12 high-quality recordings per male. Since we recorded captive
Horned Guans in a zoo, often recordings were overlaid by motor vehicles noise, sounds
from other captive bird species or by simultaneous calling of other contiguous Horned
Guans males. Thus, we defined high-quality recording based on a high relation signal-noise
and with no other sounds overlapping focal male calls. To reduce the non-overlapping
background noise, recordings were filtered using 0.3 kHz high-pass filter in Raven Pro 1.5
(www.birds.cornell.edu/raven). We normalized the selected recordings to —3 dB in Adobe
Audition 1.5 software (Adobe Systems, San Jose, CA).

The variables were measured directly from the screen using the computer mouse in
Raven Pro 1.5. Spectral variables were measured from spectrograms, except bandwidth 90%
which is a measure computed directly by Raven Pro 1.5 (see below for the definition), while
temporal variables were measured from waveforms. We measured a total of 22 variables
that describe call variations in the time and frequency domains. Temporal and spectral
variables measured were: (1) length of the introductory portion of the call (defined as the
duration from the start of the first note to the end of the third note in the call); (2) length
of the body portion of the call (defined as the duration from the start of the fourth note to
the end of the seventh note in the call); the length of the (3) first, (4) second, (5) third, (6)
fourth, (7) fifth, (8) sixth and (9) seventh note (defined as the duration from the start to
the end of each note); the intervals between (10) the first and second note, (11) the second
and the third note, (12) the third and fourth note, (13) the fourth and fifth note, (14) the
fifth and the sixth note and (15) the sixth and the seventh note (defined as the silence gap
between the end of one note to the start of the following note); and the bandwidth 90%
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Figure 1. Oscillogram and spectrogram of a typical Horned Guan male boom call. A boom call is composed
by an introductory and body section with three and four notes, respectively. The figure depicts the 22
parameter measured to describe the booming call structure. Letters indicate: |, interval between notes;
LN, length of note; and B, bandwidth frequency. The numbers after the letters indicate the position of
the note within the call.

of the (16) first, (17) second, (18) third, (19) fourth, (20) fifth, (21) sixth and (22) seventh
note (bandwidth 90% is a measure computed directly by Raven Pro 1.5 and is defined as the
relative frequency at which 90% of the energy in the selection occurs, see Charif et al. 2010
for further details) (Figure 1). We generated all spectrograms using the following settings:
Blackman window, windows size = 1024, overlap 90%.

Statistical analysis

We tested whether boom calls varied among individuals using two different approaches.
First, we calculated the coefficients of variation within (CV, ) and among (CV ) all of the
males recorded to describe the intra- and inter-individual variation of each variable. We used
the coefficient of variation formula for small samples CV = 100 x (SD/mean) x (1 + 1/4n),
where SD is standard deviation and mean is the average value of a given variable, and # is the
population sample (Robisson et al. 1993; Sokal & Rohlf 1995). We calculated the coeflicient
of variation within individuals (CV ) as the coefficient of variation on a given variable in the
boom calls of each individual. We calculated the coefficient of variation among individuals
(CV ) as the coefficient of variation in a given variable in the boom calls of all individuals.
We then calculated the potential of individual coding (PIC) as CV /mean CV  for each
variable to estimate the effect of individuality in the Horned Guan boom calls (Grava et al.
2008; Charrier & Harcourt 2006). A PIC value greater than 1 suggests that this parameter
may be useful for individual discrimination, as the intra-individual variability is smaller
than the inter-individual variability (Robisson et al. 1993). We calculated mean CV_ as
the average of all coefficient of variation within individuals (CV ) for a given variable. We
performed a nonparametric analysis of variance, Kruskal-Wallis, to test whether variation
among males was significant greater than within males in each of the 22 variables and used
Bonferroni-adjusted correction for multiple comparisons (Quinn & Keough 2002).
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For the second approach, we performed a combination of Discriminant Function Analysis
and MANOVA to test both whether boom calls differ among individuals and whether calls
are classified as predicted and to determine the acoustic variables that better explain those
differences among individuals. We performed the Discriminant Function Analysis using 12
of the 22 acoustic variables; these 12 variables were those that showed significant differences
between individuals in our potential of individual coding analysis (see results; Table 1).
The variables were (1) length of the body and (2) introductory portion of the call, length of
the (3) first, (4) second, (5) third, (6) fifth, (7) sixth and (8) seventh note, and interval of the
(9) first, (10) second, (11) fifth and (12) sixth note. These 12 acoustic variables were input
as the dependent variable and individual identity as independent variable. We conducted
the analysis using the within-groups covariance matrix and not adjusting the classification
coeflicients for a priori knowledge of group membership. We reported the classification
estimate based on the Jackknife procedure, which calculate group membership of a given
sample by omitting it from the analysis and using the remaining observations to calculate
the coefficients (Quinn & Keough 2002).

We tested whether individuality in the booming calls remained consistent across years by
analysing calls recorded in both years 2010 and 2011. In this analysis, we included the boom calls
of five Horned Guans from African Safari Zoo because we were certain of each bird’s identity
between years for these individuals. We used an average of 11.3 + 2.9 calls per individual per
year (for a total of 113 calls for both years). We calculated the individual average values for
each of the 12 acoustic variables that showed significant differences between individuals in
our potential of individual coding analysis (see results; Table 1). Then, adapting a procedure
proposed by Wilson and Mennill (2010), we estimated the average values per individual for calls
performed in 2010 and 2011, and both years pooled together, resulting in three categories (i.e.

Table 1. Coefficients of variation among (CV ) and within (mean CV,) males Horned Guan calls and the
potential of individual coding (PIC).

Variable CVa mean CVw PIC Chi-Square
Length of the introductory portion of the call 6.6 35 19 55.7*
Length of the body portion of the call 6.0 2.8 2.1 54.3*
Length of the first note 17.5 134 13 30.6*
Length of the second note 14.4 10.4 14 30.6*
Length of the third note 13.7 7.0 19 53.9%
Length of the fourth note 9.1 7.6 12 227
Length of the fifth note 17.3 7.2 2.4 56.9%
Length of the sixth note 9.1 6.5 14 35.0*
Length of the seventh note 10.9 7.0 1.6 43.6%
Interval of the first note 11.6 7.3 1.6 44.9*
Interval of the second note 12.0 8.0 1.5 39.2*%
Interval of the third note 9.5 7.3 13 29.2
Interval of the fourth note 8.1 6.4 13 233
Interval of the fifth note 7.5 6.1 1.2 34.0*
Interval of the sixth note 8.1 5.6 1.5 34.6*
Bandwidth of the first note 17.6 13.2 13 6.8
Bandwidth of the second note 22.5 21.2 1.1 8.9
Bandwidth of the third note 239 19.7 1.2 1.4
Bandwidth of the fourth note 18.8 13.9 1.4 9.2
Bandwidth of the fifth note 16.6 1.4 1.5 12.6
Bandwidth of the sixth note 16.8 135 12 6.1
Bandwidth of the seventh note 124 7.9 1.6 1.1

Notes: Chi-Square values for Kruskal-Wallis tests are showed. Asterisk indicates acoustic variables that were significant
different between individual after Bonferroni correction; alpha levels were adjusted at 0.002 per test (p = 0.05/22).
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2010, 2011 and 2010-2011 pooled together). We included the last category (both years pooled
together) in the analysis to compare how variation between years compares to that present
within year. The individual average values did not meet normal distribution; thus, we used a
nonparametric Friedman test for repeated measurements to determine whether there were
statistically significant differences between the distributions of the average values between years
(Quinn & Keough 2002). Descriptive statistics are presented as means + SD. We performed all
statistical analyses in IBM SPSS Statistics (Version 20.0; Chicago, IL, United States).

Results

The boom call is a stereotyped, low-frequency vocalization produced only by adult males
in long bouts (Figure 1). Boom calls averaged 7.79 £ 0.25 s in duration (N = 84 calls).
Structurally, the boom call consists of seven notes divided into two parts: an introduc-
tory and a body section. The introductory section is composed of three relatively quiet
notes, while four, louder notes comprise the body section. Notes varied in length in the
introductory and body portion (Figure 2(a)), in the length of each note (Figure 2(b)),
in the interval between of notes (Figure 2(c)) and in the bandwidth frequency (Figure
2(d)). The introductory note is the shortest (average = 0.202 + 0.035 s). The second (aver-
age =0.299 + 0.043 s), fourth (average = 0.300 + 0.027 s) and sixth (average = 0.330 + 0.031 s)
notes have similar duration but are shorter than the third (average = 0.931 + 0.126 s), fifth
(average = 0.967 £ 0.162 s) and seventh (average = 1.095 + 0.122 s) notes. The seventh
note is the longest of all notes (Figure 2(b)). Similarly, the bandwidth frequency is lower
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Figure 2. Graphs depicting the average values of the (a) section length of the introductory and body
portion, (b) length of the notes, () interval length between notes and (d) bandwidth frequency of the
boom calls produced by Horned Guan males. The mean =+ SE for each acoustic variable is shown.
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in the introductory section than the body section (Figure 2(d)). Note that although most
Horned Guan boom calls had seven notes, on rare occasions some males emitted boom
calls containing eight or nine notes and occasionally with two short introductory notes.

Individual variation of booming calls

Coefficient of variation

We analysed the individual variation in the boom calls of Horned Guan living in captivity.
Our coefficient of variation analysis suggests that the values of coefficients of variation
within males (CV ) ranged from 2.8 to 21.2 %, whereas the coefficients of variation among
(CV,) males ranged from 6.0 to 23.9 %. PIC values ranged from 1.2 to 2.4, suggesting that
most variables can be used for individual identification. The Kruskal-Wallis test showed
significant differences between individuals for 12 of the 22 variables after controlling for
multiple comparisons. The variables with significant differences between individuals were
all related to the length of the notes and intervals among notes (Table 1).

Discriminant Function Analysis

The Discriminant Function Analysis based on 84 calls produced by 10 male Horned Guans
resulted in nine canonical discriminant functions (Table 2). The analysis assigned 89.3% of the
84 songs to the correct individual, which exceeds the assignment expected by chance (x*=5.85,
df =1, p <0.0001). Overall, the calls differed significantly between individuals in seven of the
nine canonical discriminant functions (MANOVA: Wilks'A <0.01, Fy, .. ,, = 16.46, p < 0.0001;
Table 3). The Tukey HSD post hoc test revealed significant differences in the calls for nine of the
10 individuals analysed. Such differences were achieved using the first two canonical functions
(Figure 3). The first canonical function was heavily associated with the length of the body portion
of the call and the length of the fifth note, while the second canonical function was heavily
associated with the length of the third note (Table 2).

Table 2. Discriminant Function Analysis of 10 males Horned Guan.

Canonical Discriminant Functions

Variable? 1 2 3 4 5 6 7 8 9

Length of the introductory 1.58 0.26 -1.70 0.77 0.65 1.92 -1.43 117 -047
portion of the call

Length of the body portion -244% 175 -1.95 -3.92 -1.57 -210 -1.58 -0.86 —-0.90
of the call

Length of the first note —0.04 -0.57 0.76  —0.94 0.17 0.34* 0.27 0.02 -0.02
Length of the second note -0.62 0.82 —-0.62 031 -035 -086 0.34*  -0.06 0.53
Length of the third note —0.18 —0.95*% 148 -030 -0.77 144 0.75 -1.03 0.28
Length of the fifth note 0.29* 0.65 1.24 2.54 1.20 1.24 1.13 0.31 0.90
Length of the sixth note 0.68 0.88 1.43 1.08 0.79 0.87* —0.06 0.41 0.52
Length of the seventh note 127 1.51 1.46 252 0.10* 164 0.86 0.58 0.58
Interval of the first note -1.14 -0.18 145 -099 -088 —1.55 0.94 —-0.76 1.40*%
Interval of the fifth note 035 0.34 0.85 1.60 033 0.10 0.62 1.00%¥ 0.4
Interval of the sixth note 1.03 0.65 1.69 0.56 0.65 066  —0.15% 0.13 0.12
Eigenvalue 8.94 5.49 4.42 1.94 137 0.71 0.7 0.16 0.02
% Variance explained 37.60 23.09 18.57 8.16 5.78 3.01 2.98 0.70 0.11

Notes: The variables and their respective standardize canonical discriminant function coefficients, the eigenvalues and the
percentage of variation explained by each function are shown. Asterisks indicate largest absolute correlation between
variables and canonical discriminant functions.

The variable interval of the second note did not meet the minimum tolerance level and was removed from the DFA.
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Table 3. MANOVA results based on the coefficients of the nine canonical discriminant functions of 10
males Horned Guan calls.

Canonical discriminant function R? df F P
Function 1 0.88 9 73.58 0.00
Function 2 0.82 9 45.19 0.00
Function 3 0.79 9 36.35 0.00
Function 4 0.61 9 15.98 0.00
Function 5 0.52 9 11.31 0.00
Function 6 0.34 9 5.88 0.00
Function 7 0.34 9 5.83 0.00
Function 8 0.03 9 1.36 0.22
Function 9 0.09 9 022 0.99
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Figure 3. Variation in the booming calls of 10 Horned Guan males described by the first two canonical
discriminant factors. The graph shows the mean =+ SE for the calls of each individual.

Table 4. Friedman test results comparing variation in calls across years (i.e. 2010, 2011 and 2010-2011
pooled together) for the calls of five Horned Guan males.

Variable Chi-Square df P
Length of the introductory portion of the call 3.6 2 0.16
Length of the body portion of the call 0.4 2 0.81
Length of the first note 0.4 2 0.81
Length of the second note 0.4 2 0.81
Length of the third note 0.4 2 0.81
Length of the fifth note 0.4 2 0.81
Length of the sixth note 0.4 2 0.81
Length of the seventh note 10.0 2 0.007
Interval of the first note 10.0 2 0.007
Interval of the second note 10.0 2 0.007
Interval of the fifth note 10.0 2 0.007
Interval of the sixth note 0.4 2 0.81

Notes: None of the acoustic variables were significant different between years after Bonferroni correction; alpha levels were
adjusted at 0.004 per test (p = 0.05/12).

Individual variation of boom calls across year
We analysed individual variation across years in the boom calls of Horned Guan living in
captivity. The Friedman test showed that Horned Guans’ calls had non-significant variation
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Figure 4. Variation across years in the booming calls of five Horned Guan males. For each individual, we
calculated the average values of 12 acoustic variables describing their calls and calculated an overall
mean per year, and both years pooled together. The 12 acoustic variables were: (a) length of the body
and (b) introductory portion of the call, length of the (c) first, (d) second, (e) third, (f) fifth, (g) sixth and
(h) seventh note, and interval of the (i) first, (j) second, (k) fifth and (1) sixth note. The graphs show the
mean + SE for each acoustic variable.

among years for all the 12 acoustic variables tested (Table 4; Figure 4). Thus, our results
suggest that individual calls are constant across years.

Discussion

Horned Guans living in captivity emitted low-frequency notes that varied in duration and
bandwidth frequency. Structurally, seven notes divided into two sections compose the calls:
an introductory section made of three first notes and a body section made of four notes.
The notes within the introductory portion of the call are shorter and quieter than the notes
within the body portion. Our results suggest that individual features are present in the fine
structural characteristics of Horned Guan booming calls, and that such differences are con-
stant across years, suggesting that Horned Guan booming calls have an individual signature.

Two requirements must be satisfied for identifying individuals using vocalizations:
acoustic variation within an individual must be lower than variation among individuals,
and the acoustic traits unique to an individual should be stable over time (Charrier et al.
2004; Puglisi & Adamo 2004; Fox 2008; Xia et al. 2010). Variables in Horned Guans calls
meet these two requirements. All temporal variables with significant differences between
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individuals had PIC values that ranged from 1.2 to 2.3. PIC values with >2 (length of the
body portion, length of the fifth notes) are considered high because had a superior degree
of individuality (Mathevon 1997; Charrier & Harcourt 2006; Cornec et al. 2014). Evidence
of individual differences in vocalizations in non-passerines with PIC values >2 have been
provided in multiple bird species ranging from colonial species to raptors (Galeotti & Pavan
1991; Robisson et al. 1993; Lengagne et al. 1999, 2001; Grava et al. 2008; Klenova et al. 2011;
Cornec et al. 2014) and in some marine mammals (Charrier et al. 2003; Charrier & Harcourt
2006). Thus, our results are consistent with other studies suggesting that variation within
individuals is smaller than variation among individuals (Lengagne 2001; Grava et al. 2008;
Xia et al. 2010; Cornec et al. 2014).

The Discriminant Function Analysis and the analysis of variance supports our coeflicient
of variance analysis results, showing significant differences in the calls between Horned
Guan individuals and assigning 89.3% of the 84 songs to the correct individual. This outcome
is in line with other studies in cracids such as in Great Curassow (Crax rubra) (Baldo &
Mennill 2011) and in other non-passerine families suggesting individual variation in calls,
such as in Accipitridae (Eakle et al. 1989), Spheniscidae (Robisson 1992), Strigidae (Galeotti
et al. 1993; Appleby & Redpath 1997; Hill & Lill 1998; Galeotti & Sacchi 2001; Lengagne
2001; Delport et al. 2002; Holschuh & Otter 2005; Tripp & Otter 2006; Grava et al. 2008),
Rallidae (Peake et al. 1997), Caprimulgidae (Rebbeck et al. 2001), Ardeidae (Mcgregor &
Byle 1992; Gilbert et al. 1994; Puglisi & Adamo 2004), Bucerotidae (Policht et al. 2009),
Alcidae (Klenova et al. 2011) and Otididae (Cornec et al. 2014, 2015).

The analysis across years suggests that a particular Horned Guan can be statistically identi-
fied using its calls for a period of two years. Call consistency across years have been reported
in some non-passerines bird species. Wooller (1978) established consistency of calls over
years by visual comparison of spectrograms in Black-legged Kittiwake (Rissa tridactyla).
Peake et al. (1998) demonstrated that vocalizations of corncrake Crex crex were constant over
a two-year period. Lengagne (2001) and Grava et al. (2008) demonstrated that calls of eagle
owls were consistent over the years as well. Thus, our findings meet the second requirement
for identifying individuals using vocalizations suggesting that features unique to an individual
should be stable over time (Charrier et al. 2004; Puglisi & Adamo 2004; Fox 2008; Xia et al.
2010). We recognize that the sample size in our study is small due to a combination of low
vocal activity and the shortage of recordings with a high signal quality. However, wild Horned
Guans males in the Mexican Reserve El Triunfo vocalize often and continuously during the
breeding season (Gonzalez-Garcia 1995) and getting recordings from wild individuals should
be relatively easy (FGG personal observations). Furthermore, many studies have proved bird
acoustic individuality based on comparable sample sizes (e.g. Lengagne 2001; Delport et al.
2002; Grava et al. 2008; Policht et al. 2009; Baldo & Mennill 2011).

Horned Guans have low frequency and stereotyped calls that are used among male adults
during the breeding season and are thought to serve in both attractions of potential mates
and male-male interactions (Gonzalez-Garcia 1995, 2005). A study conducted in Crested
Auklet (Aethia cristatella) suggested that a single acoustic signal could contain information
used in different functions such mate attraction, individual recognition and social status
(Klenova et al. 2011). Similarly, the call of the Horned Guan could be used in different
functions. Both call sections in the Horned Guan call have similar low frequencies, and thus
they can be effective for long-distance communication(Morton 1975; Baldo & Mennill 2011;
Cornec et al. 2014); however, our observations suggest that both sections differ in the energy
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that they contained. We noticed during field expeditions that the introductory section is
quiet and difficult to detect at long distances, while the body section is louder and audible
at large distances (Figure 1). It is known that signals produced at high amplitudes could
facilitate the propagation of the signal travelling further through complex environments
(Bradbury & Vehrencamp 2011; Cornec et al. 2014, 2015). Thus, while the introductory
section could be used for short communication range, the body section could be used in
long-range communication. Further analyses studying the propagation of Horned Guan
calls could help better understand the function of this signal.

Another interesting observation during our study suggests that booming calls are pro-
duced in bout sequences. Bout sessions last extended periods of up to one hour (Gonzalez-
Garcia 1995). This behaviour, where a signal is repeated several times, is also found in
other non-passerine birds and could be useful in individual distinction and mate choice
(Jouventin et al. 1999; Lengagne et al. 1999; Klenova et al. 2011). By repeating the same sig-
nal, signallers could maintain the integrity of the information content despite the degrada-
tion of some acoustics features during propagation (Lengagne et al. 1999; Price 2013; Cornec
et al. 2014). Thus, the redundancy and low frequency calls should allow the Horned
Guan to maximize the propagation of the information content on its calls (Cornec et al.
2014, 2015; Price 2013). Future experimentation using a playback approach is needed to
test whether the repetition of a signal helps to convey information such as individuality.

We have documented the individual variation in the calls of the Horned Guan under
captive conditions. Our results suggest that Horned Guan’s booms can be used as an
individual marker with little or no variation across years, fulfilling the requirements for
identifying individuals using vocalizations (Terry et al. 2005). Given that the Horned
Guan lives in dense cloud forest where capture, handling and tagging are difficult for
ethical, logistic and welfare reason (Lengagne 2001), identifying individuals by vocali-
zations may be an alternative tool for monitoring wild populations. Moreover, Horned
Guans conservation measures in Mexico and Guatemala are urgent (Peterson et al.
2001; del Hoyo & Kirwan 2015; BirdLife International 2016) and the implementation
of acoustic monitoring programmes based on individual identification could generate
information on life history and improve conservation models, improving management
decisions.

Acknowledgements

We thank the staff and owners of the Africam Safari Zoo, Puebla, Miguel Alvarez del Toro Zoo,
Chiapas, and the El Nido, Estado de México for kindly allowing us to collect data and recording of
the Horned Guans in their facilities. We are particularly grateful to Carolina Hartmann, Miguel de
la Cruz and Michael Macek for all your helps and support for this research. This work constitutes
partial fulfilment of the F. Gonzalez-Garcia’s doctorate in Biodiversity and Management of Species and
their Habitats, Universidad de Alicante, Spain. This manuscript was written during EG.G. sabbatical
at CIIDIR Unidad Oxaca.

Disclosure statement

No potential conflict of interest was reported by the authors.



196 e F. GONZALEZ-GARCIA ET AL.

Funding

Funding was provided by the Wildcare Institute of Saint Louis Zoo and Fondo Embajadores de Las
Nubes to EG.G; the Consejo Nacional de Ciencia y Tecnologia of Mexico (CONACYT) [grant number
251526] and a chair fellowship at CIIDIR [researcher number 1640], [project number 1781] to J.R.S.L.

ORCID

Fernando Gonzilez-Garcia "' http://orcid.org/0000-0002-2753-3152
J. Roberto Sosa-Lépez "' http://orcid.org/0000-0002-0120-0704

References

Abs M, Jeismann R. 1988. Do courtship songs differ individually in the Domestic Pigeon Columba
livia livia? Bioacoustics. 1:151-157.

Abundis SA. 2006. Propuesta de protocolo para el monitoreo de la poblacién del pavon Oreophasis
derbianus en la Reserva de la Biosfera El Triunfo, Chiapas [A protocol for monitoring Horned
Guan populations in El Triunfo Biosphere Reserve, Chiapas] [Tesis de Maestria]. Xalapa, Veracruz,
Meéxico: Instituto de Ecologia, AC.

Appleby BM, Redpath SM. 1997. Variation in the male territorial hoot of the Tawny Owl Strix aluco
in three English populations. Ibis. 139:152-158.

Baldo S, Mennill DJ. 2011. Vocal behavior of Great Curassows, a vulnerable Neotropical bird. J Field
Ornithol. 82:249-258.

Bailey K. 1978. The structure and variation of the separation call of the Bobwhite Quail (Colinus
virginianus, Odontophorinae). Anim Behav. 26:296-303.

BirdLife International. 2016. Species factsheet: Oreophasis derbianus [cited 2016 Jan 19]. Available
from: http://www.birdlife.org. Recommended citation for factsheets for more than one species:
BirdLife International (2016) IUCN Red List for birds. [cited 2016 Jan 19]. Available from: http://
www.birdlife.org

Bradbury JW, Vehrencamp SL. 2011. Principles of Animal Communication. 2nd ed. Sunderland
(MA): Sinauer Associates; p. 697.

Budka M, Wojas L, Osiejuk TS. 2015. Is it possible to acoustically identify individuals within a
population? J Ornithol. 156:481-488.

Charif RA, Waack AM, Strickman LM. 2010. Raven Pro 1.4 user’s manual. Ithaca (NY): Cornell
Laboratory of Ornithology.

Charrier I, Boomfield LL, Sturdy CB. 2004. Note types and coding in parid vocalizations. I: the chick-
a-dee call of the Black-capped Chickadee (Poecile atricapillus). Can ] Zool. 82:769-779.

Charrier I, Mathevon N, Jouventin P. 2003. Individuality in the voice of Fur Seal females: an analysis
study of the pup attraction call in Arctocephalus tropicalis. Mar Mamm Sci. 19:161-172.

Charrier I, Harcourt RG. 2006. Individual vocal identity in mother and pup Australian Sea Lions
(Neophoca cinerea). ] Mamm. 87:929-938.

Cornec C, Hingrat Y, Rybak E 2014. Individual signature in a lekking species: visual and acoustic
courtship parameters may help discriminating conspecific in the Houbara Bustard. Ethology.
120:1-12.

Cornec C, Hingrat Y, Robert A, Rybak F. 2015. The meaning of boom calls in a lekking bird: identity
or quality information? Anim Behav. 109:249-264.

Dahlquist FC, Schemnitz SD, Flachs BK. 1990. Distinguishing individual male wild turkeys by
analyzing vocalisations using a personal computer. Bioacoustics. 2:303-316.

del Hoyo J, Collar NJ, Christie DA, Elliott A, Fishpool LDC. 2014. HBW and BirdLife International
illustrated checklist of the birds of the world. Volumel: Non-passerines. Barcelona: Lynx Edicions.

del Hoyo J, Kirwan GM. 2015. Horned Guan (Oreophasis derbianus). In: del Hoyo J, Elliott A, Sargatal
J, Christie DA, de Juana E, editors. Handbook of the Birds of the World Alive. Barcelona: Lynx
Edicions. [cited 2015 Oct 26]. Available from: http://www.hbw.com/node/53303


http://orcid.org
http://orcid.org/0000-0002-2753-3152
http://orcid.org
http://orcid.org/0000-0002-0120-0704
http://www.birdlife.org
http://www.birdlife.org
http://www.birdlife.org
http://www.hbw.com/node/53303

BIOACOUSTICS 197

Delport W, Kemp AC, Ferguson JWH. 2002. Vocal identification of individual African Wood Owls
Strix woodfordii: a technique to monitor long-term adult turnover and residency. Ibis. 144:30-39.

Eakle WL, Mannan RW, Grubb TG. 1989. Identification of individual breeding Bald Eagle by voice
analysis. ] Wildl Manage. 53:450-455.

Fox EJS. 2008. A new perspective on acoustic individual recognition in animals with limited call
sharing or changing repertoires. Anim Behav. 75:1187-1194.

Galeotti P, Paladin M, Pavan G. 1993. Individually distinct hooting in male Pygmy Owls Glaucidium
passerinum: a multivariate approach. Ornis Scand. 24:15-20.

Galeotti P, Pavan G. 1991. Individual recognition of male Tawny Owls (Strix aluco) using spectrograms
of their territorial calls. Ethol Ecol Evol. 3:113-126.

Galeotti P, Sacchi R. 2001. Turnover of territorial Scops Owls Otus scops as estimated by spectrographic
analyses of male hoots. ] Avian Biol. 32:256-262.

Gilbert G, McGregor PK, Tyler G. 1994. Vocal individuality as a census tool: practical considerations
illustrated by a study of two rare species. ] Field Ornithol. 65:335-348.

Gomez de Silva GH, Gonzalez-Garcia y E, Casillas-Trejo MP. 1999. Birds of the upper cloud forest
of El Triunfo, Chiapas, Mexico. Ornitol Neotrop. 10:1-26.

Gonzalez-Garcia F. 1995. Reproductive Biology and Vocalizations of the Horned Guan Oreophasis
derbianus in Mexico. Condor. 97:415-426.

Gonzalez-Garcia F 2005. Dieta y Comportamiento de Forrajeo del Pavon Oreophasis derbianus
en la Reserva de la Biosfera El Triunfo, Chiapas [Tesis de Maestria]. México, D.E: Facultad de
Ciencias. UNAM.

Grava T, Mathevon N, Place E, Balluet P. 2008. Individual acoustic monitoring of the European Eagle
Owl Bubo bubo. Ibis. 150:279-287.

Hartwig S. 2005. Individual acoustic identification as a non-invasive conservation tool: an approach to
the conservation of the African wild dog Lycaon pictus (Temminck, 1820). Bioacoustics. 15:35-50.

Hill FAR, Lill A. 1998. Vocalisations of the Christmas Island Hawk-Owl Ninox natalis: individual
variation in advertisement calls. Emu. 98:221-226.

Holschuh CI, Otter KA. 2005. Using vocal individuality to monitor Queen Charlotte Saw-Whet Owls
(Aegolius acadicus broksi). ] Raptor Res. 39:134-141.

Jouventin P, Aubin T, Lengagne T. 1999. Finding a parent in a King Penguin colony: the acoustic
system of individual recognition. Anim Behav. 57:1175-1183.

Klenova AV, Zubakin VA, Zubakina E. 2011. Individuality in Trumpet calls of the Crested Auklet
(Aethia cristatella), a highly social species. Moscow Univ Biol Sci Bull. 66:114-120.

Lengagne T. 2001. Temporal stability in the individual features in the calls of Eagle Owls (Bubo bubo).
Behavior. 138:1407-1419.

Lengagne T, Aubin T, Lauga J, Jouventin P. 1999. How do King Penguins (Aptenodytes patagonicus)
apply the mathematical theory of information to communicate in windy condition? Proc R Soc
Lond B. 266:1623-1628.

Mathevon N. 1997. Individuality of contact calls in the Greater Flamingo Phoenicopterus ruber and
the problem of background noise in a colony. Ibis. 139:513-517.

Mcgregor PK, Byle P. 1992. Individually distinctive Bittern booms: potential as a census tool.
Bioacoustics. 4:93-109.

McGregor PK, Peake TM. 1998. The role of individual identification in conservation Biology. In: Caro
T, editor. Behavioural ecology and conservation biology. Oxford: Oxford University Press; p. 31-55.

Morton ES. 1975. Ecological sources of selection on avian sounds. Am Nat. 109:17-34.

Peake TM, McGregor PK, Smith KW, Tyler G, Gilbert G, Green RE. 1998. Individuality in Corncrake
Crex crex vocalizations. Ibis. 140:120-127.

Peterson AT, Sanchez-Cordero V, Soberodn J, Bartley ], Buddemeier RW, Navarro-Sigiienza AG. 2001.
Effects of global climate change on geographic distributions of Mexican Cracidae. Ecol Modell.
144:21-30.

Policht R, Petra M, Lastimoza L, Suarez L. 2009. Potential for the use of vocal individuality as a
conservation research tool in two threatened Philippine hornbill species, the Visayan hornbill and
the Rufous-headed Hornbill. Bird Conserv Int. 19:83-97.



198 e F. GONZALEZ-GARCIA ET AL.

Price JJ. 2013. Why is birdsong so repetitive? Signal detection and the evolution of avian singing
modes. Behaviour. 150:995-1013.

Puglisi L, Adamo C. 2004. Discrimination of individual voices in male Great Bitterns (Botaurus
stellaris) in Italy. Auk. 121:541-547.

Quinn GP, Keough M]J. 2002. Experimental design and data analysis for biologists. New York, NY:
Cambridge University Press; p. 527.

Rebbeck M, Corrick R, Eaglestone B, Stainton C. 2001. Recognition of individual European Nightjars
Caprimulgus europaeus from their song. Ibis. 143:468-475.

Robisson P. 1992. Vocalizations in Aptenodytes penguins: application of the two-voice theory. Auk.
109:654-458.

Robisson P, Aubin T, Brémond JC. 1993. Individuality in the voice of emperor penguin Aptenodytes
forsteri: adaptation a noisy environment. Ethology. 94:279-290.

[SEMARNAT] Secretaria de Medio Ambiente y Recursos Naturales. 2010. Norma oficial Mexicana
NOM-059-ECOL-2010, protecciéon ambiental-Especies nativas de México de flora y fauna
silvestres-Categorias de riesgo y especificaciones para su inclusién, exclusiéon o cambio-Lista de
especies en riesgo. México, D.F: Diario Oficial dela Federacion — Segunda Seccion - Secretaria de
Medio Ambiente y Recursos Naturales.

Sokal RR, Rohlf FJ. 1995. Biometry. 3rd ed. New York (NY): Freeman and Company.

Terry AMR, Peake T, McGregor PK. 2005. The role of vocal individuality in conservation. Front
Zool. 2:10.

Tripp TM, Otter KA. 2006. Vocal individuality as a potential long-term monitoring tool for Western
Screech-owls, Megascops kennicottii. Can ] Zool. 84:744-753.

Wilson DR, Mennill DJ. 2010. Black-capped chickadees (Poecile atricapillus) use individually
distinctive songs to discriminate between conspecifics. Anim Behav. 79:1267-1275.

Wooller RD. 1978. Individual vocal recognition in the Kittiwake Gull, Rissa tridactyla. Z Tierpsychol.
48:68-86.

Xia C, Xiao H, Zhang Y. 2010. Individual variation in Brownish-flanked Bush Warbler songs. Condor.
112:591-595.



	Abstract
	Introduction
	Methods
	General field techniques
	Sound analysis
	Statistical analysis

	Results
	Individual variation of booming calls
	Coefficient of variation
	Discriminant Function Analysis
	Individual variation of boom calls across year


	Discussion
	Acknowledgements
	Disclosure statement
	Funding
	References

