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Abstract

In blue petrels (Halobaena caerulea), females are supposed to be particularly choosy and mate choice
can take a couple of years. In these lifelong monogamous seabirds, choosing a good mate is crucial and
has a strong influence on their fitness. Due to their nocturnal habits, the absence of sexual dimorphism
and the physical barrier between males calling from their burrow and females flying above the colony,
vocal signals seem to be one of the main channels for males to communicate with potential mates. In a
previous study, we investigated whether acoustic parameters of male calls carry information about
morphological characteristics that might be indicators of males’ qualities. Here, we experimentally test
whether these acoustic parameters linked to male characteristics are actually attractive to females. To
do so, we played-back modified calls of males to females in a colony of blue petrels of the Kerguelen
archipelago. We found that flying females were more attracted by high-pitched calls, and by calls
broadcasted at a high call rate. Previous studies showed a relationship between pitch and bill depth and
length. In filter-feeding birds, such as blue petrels, bill morphology influences feeding efficiency. A
high call rate is an indicator of sexual motivation and makes the caller easier to locate by potential mates
and predators in the hubbub of the colony. We thus hypothesized that producing frequent high-pitched

calls may be the result of a trade-off between predation avoidance and conspicuous sexual signalling.
Significance statement

Mate selection process is largely unknown in burrowing petrels due to their cryptic life at the colony.
Here, we examined the implication of vocal signals in mate choice in the blue petrel Halobaena
caerulea. We used an experimental setting based on a two-choice test to show that male calls are sexual
signals attracting females. As expected, broadcasting male calls attracted females. Despite the apparent
stereotypy of male calls, their acoustic parameters transmit pieces of information that may influence
females’ preference. We found that females are more attracted by high call rate and high-pitched calls.
This is the first evidence of the implication and influence of vocal signals in mate choice in burrowing
petrels.

Keywords Vocal communication, sexual signal, attractiveness, mate choice, seabird, blue petrel
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Introduction

In animal species, mating is not random and the probability of mating with a given individual
of the opposite sex increases with some behaviour patterns (Halliday 1983). According to theoretical
and empirical studies, in many species, both males and females should profit from being choosy when
selecting their mating partner (Courtiol et al. 2016). To do so, they rely on attractive signals that inform
them about the signaller’s qualities (Smith 1991). Although sexual signals are often multimodal, the
implication of vocal signals in mate choice have been well documented in many taxa. Male vocalizations
attract potential mates in insects (Walker 1957), fish (Amorim et al. 2006), frogs (Ryan 1980), bats
(Knornschild et al. 2017), songbirds (Mountjoy & Lemon 1991), and non-songbirds (Gibson 1989;
Martin-Vivaldi et al. 1999).

To highlight the influence of vocal signals in mate choice, two criteria have to be respected: (i)
males/females must show a preference for certain acoustic parameters of calls/songs when these are
presented in the absence of the caller/singer, and (ii) the same acoustic parameters correlate with the
caller/singer’s mating success in natural conditions (Searcy & Andersson 1986). Well-known examples
of attractive acoustic parameters in birds and mammals are a low fundamental frequency (FO or pitch),
a high vocalizing rate, long vocalizations, and vocalizations consisting in many elements (for a review:
Nowicki & Searcy 2004). These parameters reflect some overall qualities, such as morphological
characteristics (e.g. body size: Ballentine et al. 2004; Ballentine 2009; Byers et al. 2016; Favaro et al.
2017; Kriesell et al. 2018; bill morphology: Christensen et al. 2006), endurance, and fighting abilities
(McComb 1991). These parameters are also related to breeding success in natural conditions (Chastel et
al. 1995; Salton et al. 2015).

Most of our knowledge on vocal signal implication in mate choice focuses on songbirds.
Comparatively, non-songbirds, such as seabirds, have been poorly documented, although mate choice
is crucial in these species due to their particular breeding ecology (for a review see Bried & Jouventin
2002). Seabirds have distinct feeding and nesting areas: they feed at sea, while they breed on land. This
implies obligatory bi-parental care and cooperation between mates during the whole breeding cycle.

Burrowing petrels (Procellariforms) are colonial seabirds breeding in self-dug burrows on coastal grass
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slops (Warham 1990), to which they show a high fidelity year after year (Bried & Jouventin 2002). They
form lifelong monogamous pairs, and divorces and extra-pair copulations are rare (Jouventin & Mougin
1981; Warham 1990, 1996; Quillfeldt et al. 2012). Pairs lay a single egg per year with no possibility of
replacement clutch in case of failure and partners alternate several-day fasting periods in the burrow and
feeding trips at sea to restore energy (Warham 1990). Parental investment is thus high and parental care
is based on parents’ cooperation and synchrony. In addition, with respect to species that can change
partner at each breeding, correcting possibly wrong choices, these petrels are lifelong faithful to the
mate. Consequently, choosing the wrong partner will affect the lifelong fitness more drastically than in
other species.

Bachelor petrel males actively call at night from their burrow while females fly calling over the
colony. This behaviour may be considered intriguing as calling in the colony exposes petrels to
predators, especially the brown skua (Stercorarius antarcticus) which uses the sexual calls of petrels to
locate and catch them (Mougeot & Bretagnolle 2000b). Blue petrels, Halobaena caerulea, and prions
Pachyptila sp are among their preys. Therefore, considering the high predation cost associated with their
production, vocal signals should play a major role in mate choice. After hearing a male call, females can
land close to the sound source, then enter the caller’s burrow where they may start to perform extensive
duets (Storey 1984). It suggests that vocal signals are essential in mate choice, although it has not been
experimentally tested. Additional signals may be involved, such as olfactory signals to gather genetic
information (e.g. MHC) from the potential mate (Leclaire et al. 2017). After pairing mates are silent and
would rather use olfactory signals to find their burrow when returning to the colony at night (Bonadonna
& Nevitt 2004; Bonadonna & Sanz-Aguilar 2012; Leclaire et al. 2017). Females visit several males for
a couple of years before pairing (Bretagnolle 1996), suggesting that the mate choice by females is active,
and that male calls attract and/or stimulate potential mates (Bretagnolle 1990; Warham 1990).

It has been shown recently that male calls carry information about the caller’s morphological
characteristics, such as wing morphology, body size and bill shape (e.g. blue petrels: Gémard et al. 2019;
Genevois & Bretagnolle 1994; Antarctic prions Pachyptila desolata: Gémard et al. 2019). Big males
with a long, thin bill produce high-pitched calls consisting of many syllables. Males with long and thin
wings produce fast calls (high syllable rate). These morphological characteristics are linked to male
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overall qualities and reproductive success: for instance, bill morphology is related to filter-feeding
efficiency (Klages & Cooper 1992), wing morphology to foraging behaviour (Weimerskirch et al. 1995)
and body condition to reproductive success (Chastel et al. 1995).

Females landing on the ground after hearing a male call is seemingly the first step of the mate
choice process in burrowing petrels described in literature (Bretagnolle 1996; Brooke 2004; Warham
1990; Warham 1996). Despite the seeming implication of vocal signals in mate choice, vocal
communication in burrowing petrels has been poorly studied so far, likely due to constraints associated
with fieldwork in remote locations and their particular breeding ecology (nocturnal and burrowing
habits). Although the suggestion that acoustic parameters of male calls reflect qualities and mating
success, the hypothesis that females actually show a preference for these parameters has never been
tested and thus we do not know if calls are signals in mate choice. Here, we proposed to test this
hypothesis by assessing whether females are actually attracted by male calls, and more precisely by
certain acoustic parameters of these calls.

We experimentally tested by playback experiments with modified calls: (i) the role of male calls
in mate attraction, and (ii) the role of certain acoustic parameters of male calls in mate choice. Among
burrowing petrels, the blue petrel is a good candidate to assess this question because it is highly vocal
and suffers from a high predation pressure (more than 70% of the brown skua diet: Montcorps et al.
1998). Based on our previous study on the informative content of blue petrels’ calls (Gémard et al.
2019), we hypothesized that females should be attracted by males producing long calls with many
syllables and a high syllable rate. According to the handicap theory (Zahavi 1975; Zahavi 1977), females
may also be attracted by males that take large risks of predation, for instance by calling at a high call

rate and/or producing long calls as shown in other species (Johnstone 1995; Zuk & Kolluru 1998).

Material and methods

Study area
We conducted the fieldwork on a small island of the Kerguelen Archipelago (lle Verte:
49°510°’S, 70°050°E), southern Indian Ocean. In blue petrels H. caerulea, bachelor males and females

are vocally active and actively prospecting for a mate in the colony, at night, throughout the breeding
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season (Warham 1996), although the daily activity in the colony is dependant of the moon phase and
clouds cover (Mougeot & Bretagnolle 2000a). We thus conducted the fieldwork during the birds’
incubation period, from November 27" to December 27" 2018.
Studied species

In blue petrels, callers are mainly bachelor males and females, although breeders call when they
are vocally challenged by a conspecific, likely to defend their burrow (Warham 1996). Their calls consist
of a repetition of distinct phrases, themselves composed of indivisible elements called syllables
(Bretagnolle 1996; Catchpole & Slater 2008). There are four types of syllable (mentioned as A, B, C,
D, in their order of appearance), distinguishable by the shape of their frequency modulations. Syllable
C is repeated between two and twelve times depending on the individuals (Fig. 1).
Playback procedure

We tested the attractiveness of five acoustic parameters related to morphological characteristics
in blue petrels: call rate, call duration, energy spectrum, number of syllables per phrase, and syllable
rate (Gémard et al. 2019). To do so, we used a two-choice playback experiment consisting in
broadcasting two versions (high or low) of a representative call of males, from inside two artificial
burrows at the same time. The two representative calls were calls for which syntax, temporal parameters
and frequencies are close to the mean values of the population, based on measurements of 38 acoustic
parameters presented (Appendix 1). Playbacks were emitted using a Sony NWE393B connected to a
JBL Flip 4 speaker (frequency response: 60 Hz- 12000 Hz £+ 5 dB). The volume occupied by the speaker
is close to the volume occupied by a blue petrel (about 0.7 L). Playbacks were broadcast during the most
intense vocal activity (10:00 pm to 3:00 am, unpublished data) at a natural amplitude (mean + SD: 66 +
9 dB, measured at the entrance of burrows with decibel-meter on 115 spontaneous calls from 24 bachelor
males in the studied population) and a natural call rate (a call every 40 s, unpublished data from 21
bachelor males in the studied population), except when we specifically tested the call rate attractiveness.

Signals to broadcast were synthetized using the signal processing software Avisoft-SASLab Pro
v 5.2.11 (Specht 2017). To obtain dyads of experimental signals, a single call (or exemplar) was recorded

from two male individuals (hereafter calll and call2). Call1 and call2 were chosen, among calls recorded
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in 2017, to have the mean parameters observed in the studied population (i.e. a call for which length,
number and structure of syllables are close to the mean values of the population). To create dyads, we
modified each of the two calls by decreasing and increasing a selected acoustic parameter, letting the
other parameters unchanged. This gave us dyads of stimuli for each parameter: a low-parameter-call and
a high-parameter-call (Table 1). To avoid extreme values and bias related to supra stimulus, we
increased/decreased the selected acoustic parameter in the natural range previously observed in the
studied colony (Appendix 1). Considering five acoustic parameters, we obtained five dyads for calll
and five dyads for call2.

We repetitively broadcast the experimental signals from inside an unoccupied artificial-burrow
chamber of the same size (volume about 4.8 L) to limit biases of sound propagation caused by volume
differences. Artificial burrows were installed during the previous breeding season in the colony (2017).
They consisted in a chamber made of a clay pot diameter 30 cm upside down, a 66-centimetre tunnel
made of two end-to-end half fired-clay wine rack, and a 30-centimetre PVC pipe diameter 125 mm
above the chamber to easily reach the birds and/or the egg. They were buried at a depth of 40 cm and
covered by the existing vegetation. A wooden board and a stone recovered the hole above the chamber,
as the other monitored burrows of the colony (see Appendix 2 for pictures). During the 2018 breeding
season, 75% of artificial burrows installed in 2017 were occupied by breeding petrels.

To control the nest effect, we used two randomly selected burrow twosome successively:
twosome “A” (made of burrows Aa and Ab), then burrow twosome “B” (made of burrows Ba and Bb).
The two burrows of a twosome were at least five meters apart and had different orientation to avoid the
influence of sound propagation from a burrow to the other burrow. Each dyad of calll was tested twice
the burrow twosome A: one night the low-parameter-call was in burrow Aa and the high-parameter-call
in the burrow Ab, the next night the reverse situation with the same dyad. Each dyad of call2 was then
tested twice the burrow twosome B following the same scheme described above.

We equipped each burrow with two infrared phototraps (Bushnell Nature View Essential HD
Camera) to record female behaviours at proximity of the tested burrows (Fig. 2, Appendix 3). We placed
phototraps 50 cm above the ground on wooden sticks at equidistance of the burrow entrance. We
oriented phototraps toward the burrow entrance. We used phototraps in video mode with both automatic

9
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detection (i.e. one-minute record after movement detection) and “Field Scan” option (i.e. automatic one-
minute record every five minutes).

Videos were analysed by a blind-to-the-experiment student with VLC media player 2.1.5
Rincewind. In several burrowing-petrel species, bachelor females use a two-step approach: first flying
and landing close to the sound source, then listening to calls until they reach the source by walking
(Storey 1984). Here, for each night and each burrow, we counted the number of females flying close to
the burrow and the number of females on the ground. We calculated the total time each female spent on
the ground. To limit the risk of considering breeders shifting and transient individuals, we only
considered individuals flying at a maximum distance of five meters from the burrow entrance, and
individuals showing exploration behaviours on the ground, e.g. calling, walking, moving head in the
direction of the burrow (Appendix 4).

Data analyses

All analyses results were implemented under the R software environment version 3.4.4 (R Core
Team 2018). Raw data are available in Appendices 5 and 6.

We used three distinct models to compare the attractiveness of the increased parameter and the
decreased for each five acoustic parameters: one for the number of females flying close to the burrow,
one for the number of females on the ground close to the burrow, and one for the time females spent on
the ground. To model the number of females flying as a function of the covariates, a Negative Binomial
General Linear Model (NB GLM) with a with a log link function was used. NB GLM is appropriate for
count and over-dispersed data. To model the number of females on the ground as a function of the
covariates, a Poisson GLM with a log link function was used. Poisson distribution is typically used for
count data. To model the time females spent on the ground as a function of the covariates, a Linear
Model from the Ime4 R package (Bates et al. 2015) was used. The “total time” variable was previously
log-transformed to normalize its distribution. The three models included the following categorical
variables as fixed effects: burrow twosome (A or B), and the interaction between acoustic parameter and
condition (low or high). Model assumptions were verified by plotting residuals versus fitted values

(Appendices 7, 8, and 9). For each of the three selected models, we created a contrast matrix based on
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Tuckey contrasts with a Bonferroni-Holm correction method for multiple testing. We did not compare

the attractiveness of parameters between each other.

Results

Number of Females Flying

Model assumptions were verified (dispersion parameter = 1.02: residuals in Appendix 7).
Results showed significant differences between the maximum and the minimum in two acoustic
parameters (Table 2). More specifically, a high call rate attracted more flying females than a low call
rate (estimate (SE) = 2.12 (0.90), z = 2.35, p < 0.05: Table 2). High-pitched calls attracted more flying
females than low-pitched calls (estimate (SE) = 1.94 (0.89), z = 2.18, p < 0.05: Table 2). Based on the
model parameters, calls with phrases made of few syllables might also be more attractive than calls with
phrases of many syllables, although the relationship is not significant (estimate (SE) =-1.94 (1.03), z =
-1.88, p = 0.06: Table 2, Fig. 3). Burrow twosome A was significantly more attractive than burrow
twosome B (estimate (SE) = -2.06 (0.42), z = -4.9, p < 10).
Number of Females on the Ground

Model assumptions were verified (dispersion parameter = 4.12: residuals in Appendix 8).
Results show that a high call rate significantly attracted more females on the ground than a low call rate
(estimate (SE) = 1.22 (0.51), z = 2.41, p < 0.05: Table 3, Fig. 4). Burrow twosome A was significantly
more attractive than burrow twosome B (estimate (SE) = -0.47 (0.18), z = -2.61, p < 0.01).
Duration of Females’ Exploratory Behaviour on the Ground

Model assumptions were verified (residuals in Appendix 9). Results show that the time females
spend on the ground was not significantly influenced by the five acoustic parameters tested (Fio-s1 =
1.27, p = 0.26, r2 = 0.03: Table 4, Fig. 5). The time females spent on the ground was not significantly
different between the two burrow twosomes (estimate (SE) = -0.47 (0.30), z = -1.60, p = 0.11).

Petrels’ calls played-back also attracted brown skuas (N=17), especially when we tested the call

duration. We observed that short calls attracted more skuas than long calls (Appendix 5).

Discussion
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We aimed to assess the role of male calls in female mate choice, and the attractiveness of certain
acoustic parameters of male calls (call rate, call duration, energy spectrum, number of syllables per
phrase, and syllable rate) in blue petrels. Our two-choice playback experiments with modified calls
successfully attracted females. The results indicate that more females were attracted by the high-pitched
calls, by high-rate versions of the call exemplars tested, and possibly by modified calls with few syllable-
phrases. We found no relationships between acoustic parameters and time females spend on the ground
exhibiting exploratory behaviours.

Results show that male calls attracted potential mates, even in absence of the caller. Similar
results have been found in many taxa, including non-songbirds such as sage grouses and hoopoes
(Gibson 1989; Martin-Vivaldi et al. 1999). Blue petrel females are attracted by vocal signals, even in
absence of olfactory signals. Previous studies have assessed that olfactory signals contain genetic
information about the signaller, and that they are likely to influence mate choice (Bonadonna & Nevitt
2004; Bonadonna & Sanz-Aguilar 2012; Leclaire et al. 2017). We thus hypothesize that both vocal and
olfactory signals may influence mate choice but with a different timing: first, male calls may attract
flying females, then olfactory signals may play a role when females land and/or when both male and
female are in the burrow.

Results suggest that males calling with a high rate attract more flying females and more females
on the ground. Similar results have been found in mammals and birds (McComb 1991; Riebel 2009).
One possible explanation would be that males producing many frequent calls are easier to locate in dense
and noisy colonies (up to two burrows per m2: Brothers 1984) because the repetition of calls helps the
female walking on the ground to locate the source of emission (Storey 1984). Producing redundant vocal
signals is a communication strategy in response of misdetection and/or misclassification in noisy
environment (“cocktail-party effect”: Cherry 1957). It has been well documented in seabirds, especially
penguins (Aubin & Jouventin 1998; Jouventin et al. 1999; Lengagne et al. 1999). A high call rate is also
an indicator of sexual motivation in many birds, including burrowing petrels (Catchpole & Slater 2008;
Gémard et al. in prep; Searcy & Beecher, 2009). Nonetheless, bachelor petrels face a high predation
pressure and a high call rate also increases the risk of being detected by predators (Mougeot &
Bretagnolle 2000b). The handicap principle states that good-quality males take larger risks than other

12
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males to produce sexual signal (Zahavi 1975, 1977). Based on this theory, we could hypothesize for the
blue petrels too that females are preferentially attracted by males that produce frequent calls, and thereby
are more exposed to predation.

Our results also indicate that females are preferentially attracted by high-pitched calls when they
fly over the colony. Although low frequencies are less attenuated by distance and environmental
constrained (Marten et al. 1977), they are attenuated by the ground effect (Marten & Marler 1977,
Morton 1975), and some species are sensitive to high frequencies. A possibility is thus that calls higher
in frequency might make the emitter easier to locate (Dooling 1982; Klump 2000; Park & Dooling
1991), but so far little is known about how call frequency affects the ability of petrels to localize calls.
Another possibility is that high-pitched calls indicate males of good-quality, as shown in many taxa,
including tortoises (Galeotti et al. 2004), passerines (Cardoso et al. 2012), and mammals (Reby et al.
2010). In blue petrels, fundamental frequency may be related to bill morphology and body size: big
males with a long, thin bill produce high-pitched calls (Gémard et al. 2019). In these filter-feeding
seabirds, bill morphology may influence feeding efficiency (Klages & Cooper 1992), and consequently
the reproductive success.

Our results suggest that calls made of few-syllable phrases might be attractive to females. They
contradict our assumptions that females may be preferentially attracted by long calls with many
syllables. For example, in another non-songbirds, the hoopoe Upupa epops, songs with many syllables
are more attractive than songs with few elements as it is an indication of the singer body condition
(Martin-Vivaldi et al. 1998; Martin-Vivaldi et al. 2000). Moreover, males producing long calls with
many elements are easier to detect and to locate than males producing short calls with few elements
(Brumm & Zollinger 2013), but this may be true both for potential mates and predators. We thus may
hypothesize that females might be more attracted by males producing short calls with few syllables, but
at a high call rate, as the result of a trade-off between predation avoidance and conspicuous sexual
signalling.

Broadcast signals, regardless of the tested acoustic parameter, had no influence on the time
attracted females spend on the ground, at the proximity of the burrow. In burrowing petrels, females
vocalize towards the sound source (male in the burrow) when they are on the ground, and then walk
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following female-directed calls produced by males until they find the burrow entrance (Storey 1984). In
blue petrels, males produce female-directed calls characterized by frequency and temporal modulations
that may indicate their sexual motivation (Gémard et al. in prep). Olfactory signals may also be involved
in sexual signalling because previous studies have shown burrows have a chemical signature
(Bonadonna et al. 2001; Bonadonna et al. 2004), and individuals have a body odour containing genetic
information (Bonadonna & Nevitt 2004; Bonadonna & Sanz-Aguilar 2012; Leclaire et al. 2017). Thus,
we hypothesize that a necessary exchange of vocal and/or olfactory signals might take place before the
female enters the burrow. In our experiments, we used a repetitive playback in an artificial burrow, so
that we could not interactively reply in an appropriate way to a female close to the burrow, and no odours
were emitted. In absence of these vocal and olfactory stimuli, and considering the predation risks
(Mougeot & Bretagnolle 2000b), females may fly rapidly away independently of the nature of the
modified call emitted.

Results show that we recorded more females flying and, on the ground, when we tested the first
burrow twosome (A) than when we tested the second twosome (B), likely because the number of
bachelor males and females decreases over the breeding season, even though they are still active.
Nonetheless, variations and significance of the attractiveness of the tested acoustic parameters were
consistent between the two burrow twosomes.

Blue petrels are the main prey of the brown skua Stercorarius antarcticus, representing more
than 70% of its diet (Mougeot & Bretagnolle 2000b; Mougeot et al. 1998). We observed that skuas were
more attracted by short calls than long calls. However, this result should be interpreted with caution due
to the small total number of observations. Although we know that brown skuas use prey calls to locate
them (Mougeot & Bretagnolle 2000b), there is no evidence so far that skuas select preys based on their
call parameters.

To sum up, we showed for the first time in a burrowing petrel that males’ calls are sexual signals,
and that calls with certain acoustic characteristics are attractive to females. More precisely, females
flying over the colony are more attracted by males producing high-pitched calls and calling at a high
rate. Flying females might also be attracted preferentially by calls consisting in few-syllable phrases
rather than many-syllable phrases. These acoustic parameters are related to male bill morphology and
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may thus be linked to male qualities, such as feeding efficiency. Another explanation is that males
producing high-pitched calls at a high call rate may be easier to locate. Females are also attracted by
short calls with few syllables, which make the caller less conspicuous. It might indicate a trade-off
between predation avoidance and conspicuous sexual advertisement to attract potential mates in the
hubbub of the colony. The time spent by females exploring on the ground might be influenced by

additional signals, such as a vocal response from the male, olfactory signals, or both.
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FIGURE CAPTIONS

Fig. 1 Spectrogram (top) and oscillogram (bottom) of a two-phrase call of a male blue petrel Halobaena caerulea.
Letters from A to D represent the four syllable types constituting a phrase.

Fig. 2 Experimental installation on the field. Grey triangles represent the field of view of each phototrap.

Fig. 3 Number of blue petrel females flying at a maximum distance of five meters from the burrow where
modified calls of male blue petrel were broadcast (in percentage). Lines link the two burrows of a burrow
twosome where we broadcast a stimuli dyad

Fig. 4 Number of blue petrel females showing exploratory behaviours on the ground at proximity of the burrow
where modified calls of male blue petrel were broadcast (in percentage). Lines link the two burrows of a burrow
twosome where we broadcast a stimuli dyad

Fig. 5 Time spent by blue petrel females showing exploratory behaviours on the ground, at proximity of the

burrow where modified calls of male blue petrel were broadcast
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Fig. 4

Percentage of females on the ground
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Fig. 5
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Table

Table 1 Dyads of experiment signals broadcast to test the attractiveness of different acoustic traits

Acoustic trait Low High
Call rate 1 call/3 min 1 call/30 sec
Call duration 2 phrases 8 phrases
Call energy spectrum -50 Hz +50 Hz
Number of syllables per phrase 2 syllables C 6 syllables C
Syllable rate -50% inter-syllable silence +50% inter-syllable silence

Table 2 NB GLM contrasts between high-trait-call and the low-trait-call for each acoustic trait. Significant

contrasts (*p < 0.05) are in bold

Acoustic traits Estimate SE z value p value
Call rate 2.12 0.90 2.35 0.02 *
Duration -0.25 0.84 -0.30 0.77
Energy spectrum 1.94 0.89 2.18 0.03 *
Number of syllables -1.94 1.03 -1.88 0.06
Syllable rate 0.24 0.98 0.24 0.81

Table 3 GLM contrasts between high-trait-call and the low-trait-call for each acoustic trait. Significant contrasts

(*p < 0.05) are in bold

Acoustic traits Estimate SE z value p value
Call rate 1.22 0.51 2.41 0.02 *
Duration -0.46 0.31 -1.49 0.14
Energy spectrum 0.18 0.35 0.52 0.60
Number of syllables -1.79 1.08 -1.66 0.10
Syllable rate -0.34 0.41 -0.81 0.42

Table 4 Linear Model contrasts between the high-trait-call and the low-trait-call for each acoustic trait. Significant

contrasts (*p < 0.05) are in bold

Acoustic traits Estimate SE t value p value
Call rate -1.04 0.66 -1.71 0.09
Duration 0.15 0.46 0.32 0.75

Energy spectrum -0.18 0.39 -0.46 0.65
Number of syllables -0.94 1.18 -0.79 0.43

Syllable rate 0.53 0.60 0.88 0.38



